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. OF . 
OBJECTS, Fo Wee 
Tux Assoctattox contemplates no interference with the ground occupied by 
cher institutions. Its objects are,—To give a stronger impulse and a more 
systematic direction to scientific inquiry,—to promote the intercourse of those 
who ealtivate Science in different parts of the British Empire, with one an- 
other, and with foreign philosophers,—to obtain a more general attention to 
the objects of Science, and a removal of any disadvantages of a public kind 
whieh impede its progress. 

RULES. 
ADMISSION OF MEMBERS AND ASSOCIATES. 


All persons who have attended the first Meeting shall be entitled to be- 
come Members of the Association, upon subscribing an obligation to con- 
form to its Rules. 

The Fellows and Members of Chartered Literary and Philosophical So- 
ceties publishing Transactions, in the British Empire, shall be entitled, in 
Eke manner, to become Members of the Association. 

The Officers and Members of the Councils, or Managing Committees, of 
Philesophical Institutions, shall be entitled, in like manner, to become Mem- 
bers of the Association. 

All Members of a Philosophical Institution recommended by its Council 
or Managing Committee, shall be entitled, in like manner, to become Mem- 
bers of the Association. 

Persons not belonging to such Institutions shall be elected by the General 
Committee or Council, to become Life Members of the Association, Annual 
Subscribers, or Associates for the year, subject to the approval of a General 


COMPOSITIONS, SUBSCRIPTIONS, AND PRIVILEGES. 


Lore Mxwames shall pay, on admission, the sum of Ten Pounds. They 
thall receive gratuitously the Reports of the Association which may be pub- 
Eshed after the date of such payment. They are eligible to all the offices 
the Association. 

Axscvat Susscersess shall pay, on admission, the sum of Two Pounds, 
zad in each following year the sum of One Pound. They shall receive 
gretuitously the Reports of the Association for the year of their admission 
and for the years in which they continue to pay without tntermission their 
Annual Sabscription. By omitting to pay this Subscription in any particu- 
lar year, Members of this class (Annual Subscribers) lose for that and all 
fetere years the privilege of receiving the volumes of the Association gratis: 
but they may resume their Membership and other privileges at any sub- 

, sequest Meeting of the Association, paying on each such occasion the sum of 
-C One Pound. They are eligible to all the Offices of the Association. 

Assoctares for the year shall pay on admission the sum of One Pound. 
They shall not receive gratuitously the Reports of the Association, nor be 
dignhle te serve on Committees, or to hold any office, , 
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xvVill RULES OF THE ASSOCIATION. 


The Association consists of the following classes :— 

1. Life Members admitted from 1831 to 1845 inclusive, who have pai 
on admission Five Pounds as a iti 

2. Life Members who in 18-46, or in subsequent years; have paid on ad 
mission Ten Pounds as a composition. 

3. Annual Members admitted from 1831 to 1839 inclusive, subject to th 
payment of One Pound annually. [May resume their Membership after in 
termission of Annual Payment. } 

4. Annual Members admitted in any year since 1839, subject to the pay 
ment of Two Pounds for the first year, and One Pound im each followin 
year. [May resume their Membership after intermission of Annual Pay 
ment. 

5. Associates for the year, subject to the payment of One Pound. 

6. Corresponding Members nominated by the Council. 

And the Members and Associates will be entitled to recerve the annua 
volume of Reports, gratis, or to purchase it at reduced (or Members’) price 
according to the following specification, vis. :— 

1. Gratis.—Old Life Members who have paid Five Pounds as a compo- 
sition for Annual Payments, and previous to 1845 a furthe 
sum of Two Pounds as a Book Subscription, or, since 1845, « 
farther sam of Five Pounds. 

New Life Members who have paid Ten Pounds as a compo- 
sition. 
Annual Members who have not intermitted their Annual Sub- 


scription. 

2. At reduced or Members’ Prices, viz. two-thirds of the Publication 
Price.—Old Life Members who have paid Five Pounds as a 
composition for Annual Payments, but no further sum as a 
Book Subscription. 

Anmual Members who have intermitted their Annual Subscrip- 
tion. 

Associates for the year. [Privilege confined to the volume for 
that year only. ] 

8. Members may purchase (for the purpose of completing their sets) any 
of the first seventeen volumes of Transactions of the Associa- 
tion, and of which more than 100 copies remam, at one-third of 
the Publication Price. Application to be made (by letter) to 
Messrs. Taylor & Francis, Red Lion Court, Fleet St., London. 

Subecriptions shall be received by the Treasurer or Secretaries. 


MEETINGS. 
The Association shall meet annually, for one week, or longer. The place 
of each Meeting shall be appointed by the General Committee at the pre~ 
vious Meeting ; and the Arrangements for it shall be entrusted to the Officers 
of the Association. 
GENERAL COMMITTER. 


The General Committee shall sit during the week of the Meeting, or 
queer, to transact the business of the Association. It shall consist of the 


persons :— 
1. Presidents and Officers for the present and preceding years, with 
authors of Reports in the Transactions of the Association. 
2. Members who have communicated any Paper to a Philosophical Society, 
which has been printed in its Transactions, and which relates to such subjects 
as are taken into consideration at the Sectional Meetings of the Association. 
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3. Offce-bearers for the time being, or Delegates, altogether not exceed- 
ing three in number, from any Philosophical Society publishing Transactions. 

4. Offce-bearers for the time being, or Delegates, not exceeding three, 
from Philosophical Institutions established in the place of Meeting, or in any 
p.ace where the Association has formerly met. 

5. Foragners and other individuals whose assistance is desired, and who 
ae pecally nominated in writing for the Meeting of the year by the Presi- 
dent and General Secretaries. 

6. The Presidents, Vice-Presidents, and Secretaries of the Sections are 
«-ficio members of the General Committee for the time being. 


SECTIONAL COMMITTEES. 

The General Committee shall appoint, at each Meeting, Committees, con- 
astiag severally of the Members most conversant with the several branches 
af Saence, to advise together for the advancement thereof. 

The Committees shall report what subjects of investigation they would 
parucularty recommend to be prosecuted during the ensuing year, and 
‘ought under consideration at the next Meeting. 

The Committees shall recommend Reports on the state and progress of 
pertealar Sciences, to be drawn up from time to time by competent persons, 

fur the information of the Annual Meetings. 


COMMITTEE OF RECOMMENDATIONS. 

The General Committee shall appoint at each Meeting a Committee, which 
shall receive and consider the Recommendations of the Sectional Committees, 
and report to the General Committee the measures which they would advise 
to be adopted for the advancement of Science. 

All Recommendations of Grants of Money, Requests for Special Re- 
searches, and Reports on Scientific Subjects, shall be submitted to the Com- 
mittee of Recommendations, and not taken into consideration by the General 
Committee, unlees previously recommended by the Committee of Recom- 


LOCAL COMMITTEES. 
Local Committees shall be formed by the Officers of the Association to 
saeaet In making arrangements for the Meetings. 
Local Committees shall have the power of adding to their numbers those 
Members of the Association whose assistance they may desire. 
OFFICERS. 
A President, two or more Vice-Presidents, one or more Secretaries, and a 
Treasurer, shall be annually appointed by the General Committee. 


COUNCIL. 

In the intervals of the Meetings, the affairs of the Association shall be 
managed by a Council appointed by the General Committee. The Council 
ssy also assemble for the despatch of business during the week of the 


Meeting. 
PAPERS AND COMMUNICATIONS. 
se tnthor of any Peper Peper or communication shall be at liberty to reserve 
aus ight of property therein 
ACCOUNTS. 


The Accounts of the Association shall be audited annually, by Auditors 
panted by the Meeting. - 


LP, | 4ue|,) i wr “Ut “d0qa[ay URE AA OCHRE Deo ae nenene Che or eeereeeeeeeeeernneenne da a ‘aostmiqoy 
"ut tte UORIU “BOR “Abas Coos tad MOF LA e heS VR eeene cia seacrcods, : GON “WL ca 
vik ipl aay serum) iniseendeu ele Ooeerovi wiaibiank Maaiee's VW ead ‘aogyurery “a “AN ng iba cee sabe ieaacies “Ev@t “21 yendny ‘aa0g 
QIEpy 3unoos1A *[amoqsyy] JO jrey ""SU'd ‘ASSOu 4O Tuva yy 
SHUT “beg ‘poomayy soures eeacse perese COCe ae oa tone neeseesesecesseee weg ‘poomsfa zy unuvfuag 11g é ‘ ‘ 
Oe ‘Buywayy “My oe" ** sua COW hey OA “BMA “VW SP AEpIg “V ‘au | essseneteecs fey pe ueine cine 
‘gy ua ‘beg ‘ore 990g (9299 “9°71 a ‘240Q20H “AA *49Yf PUB “LOR S'u'a “1'O'C ‘wowed uyor $'O°d NOLUAOD SIONVUA CUOT °4L 
“bey ‘ant ‘zopéu preqony ‘beg ‘xog O19 AA 32qQ07] POPP RR SH SH HHH ESAS HS SHHESEEHOHCHE OE EEE HEE TES OE weg ‘puspy "L ‘a ng 
"S'T'd ‘qarmag WOT Ure FY P{ eeeeeseoeaneneesrs Oe eeeensevueeseseseeaseeeseveoveeeeneesese *yatg ‘aoulvy we] aIg seseseg be ‘ ‘ “ISI "6g ime ‘HLOOMATE 5 
'S*U'a ‘beg ‘sper ao0ug "A Sececreoveseeecvecereseebeosscense Po | OTT Ploy “hay pg jo [28g eLL y 8°u a TIFAMEZHM wossaqsOouUud ATU oqL 
*beq ‘2ueng agor *aqamsesp ay JaNO FY JO [4B POUL ‘Sua “qeg ‘sueqeug ‘PEL 21g ‘ovat ‘Z1 zaquimdeg ‘moosv1y 
"a'TT ‘TOW ‘af *4ey ‘beg ‘Tepprl sezpuy | sua ‘s23smalg plasq Js "A'S'U'aA “Aoouse1g ploy [erades)-sofepg J *°°°**-*** geared ‘ANVGIVAGVAEUNA AO SINDUVA eaL 
e é 2 a "Sua “beg ‘uosS poy ydasor eceoese Seer ecreoesatesecerseeensseesener QUB_TEIT YT redid ‘AI fra, ° ; ‘ 
= a "O'WE ‘wowTENG Work 4 vs soree Buca “bes ‘Oq0y UMoe “°C MORUEON “WT L511 UL bone cccncec tag OBE 9E Seatny | yO RURAL 
'S'y'a “beg ‘saqueg aB0aH | *****: se eccccescccere qnoupseg jo [ey uogdarequog jo sinbseyg ) OF “SUA “VA LYCOOUVH NONUGZA AA AR COLL 
° "aa Ce K ‘gojsu or WOOBDIOLT fF corres sssereseceteccecccscosse « q's'u'a “bey oF re) xnvo é 
8 ‘S'D'a reesins =a @eeceereaeetreeneeeeee ee eh OH on "229 ad Be Oe | *Z2n0078 FT goles wes oar} “9 t SBI ‘08 yengny ‘SNK Y-NO-STLSVI MIN 
"og ‘s'T'd wuosuupy ayor eeeenececeesereeereneesesecccs « V'S'ad Cow” ‘arsqing jo qsig e1L ye 8 ) a 8 U a AUNVIYVSFZENOHLUON io azwond oadL 
*jood Vere ree eeer ee ee ever er ee ere rer eee rere ere eS sta *1poMoTT A “MA ‘a0 *-Zs81 II 130103} ‘10044 Al 
“239A ‘aonninsuy yetou "sald ‘ae ‘N cconor| orevece : pase eee cece $')'a “saa “qed ‘uo}aa sy ADL) ap dq ns} Cece nestor cosesscces He ekgees aA et al z0]]29 
beg ‘um ooeeay “MAN “TITEL 20ssajoug (gee “T'O'd ‘wowed ugor = *g' DA “ST “Gaimsoy jo doyng ogy) -ueqD “S'D'a “S'u'd ‘NOLONITUNG AO TUVA UL 


P : be, ‘uapuaaoy ‘a “A ‘S'uU'd “an ‘pasqoud 9 dy 'S')'a “s-y° ‘axvoqiuoy r "MA feat "ges ‘gg qniny ‘1OLSIug 
oy SUA “CW ‘huaqned soesajorg ster sss essseereeeeceeeeteeeeeeces S'U'a ‘wogdurequony 30 syubsepg ony, J Oy Sa TO" ‘ANMOGSNVT 40 SIQOUVA 2, 
"Sua ‘paory lossajOlg aod pO COMO HOH SHER HERA HEE SHEET EHH EEE BONS "029 “ow” ‘73240 A "” "Aa "OEBI ‘or qsnSny ‘nITEAG 
"a9 ptteraz] jo petoy "u0lsy WOIT{UIV UW “AA 115 eee eeeeaOes sees eeeneceeceseeeses ‘Vila “SW a ‘UMOZ,UBTIXG gUDOosLA Coecoececsessecesesece “ant ‘di0T1 LSOAOUd "ATU aut, 
[L8H (398 ‘woemqoy Ugor Mg J iittrisecscetteeet esr ttresseesrssseese es Cd MommQON "HL APH] 1.0.0... BAM ot oes Flint oS 
"OR OA WT SUA Bqsog somazoig | “ores ss ccet set se secs eeeecsee sce sees oF SUA “INsMIE PUTC S| 4g “go “ANVESING TIVOGONOWEC eer 
seg egepeg ne STON Ak an (000 TT srs gang Or org ‘am B90) ‘ual ‘ag sung ‘woaranv9 
SOA OSTA “VN MOlsTOH J0802j0d "49H og ‘Tehoy souiouonsy “sud “Anya OJ ‘s'O'd' A “S'U'd' A OVA SHOIMOGSS WVCV ‘AGU SUL 
*o” “s'a'a “vit ‘TRaod 20883j01g "ad eencecves Owenecceceoccenesses "208 *[OOs) "slg oa a ‘Tomo AA "A “anil | "gest ‘61 eunr ‘au0axQ 
“ay ‘eH ‘a‘h fuaqneg 10889} 01g CHES SHR ATOTHSCHSHAE OE HEHCHHS ED Hoe oy Som y te Sua ‘saqaaalg pusg atg ° "a “o'D'a owed "ada ‘ANVIHOOG "Mm "AAU oLL 
SOA OS WA VN ‘SAT el 1008Ij01 | ,... ss eec es srereeeeevegs og fegegzeg boys ome “reat ‘ dag ‘ 
Oa SN Sod vont key wrens } 801d ea “VK moo MOURA AHL op ogo g Ogata “TO “AVITTUAZLA THVE 99 
*S3IVVLIYDIS W907 “SLNIGISSUd-JSIA *SLNIGISIUd 


*JUIMIIUIUIMO’) 8} WOIZ ‘satIE{aIIBG [VIO] 
puis ‘syuapisalg-s01, ‘syUOpIsolg YIM “UONBIOOSSY YSLig 943 Jo SuljsoPY JO SOUT], puw saoB[g 94} SulMoys [Quy 


"2 VTS “VN ‘puvyey sossesorg “aay 


Ta | {Bg ‘UOWPPIN AA UWI IG ‘SUA Sieg ‘neapiog -g ayor ng 

bsq pais rea 981094) CCR e er enereeesesesoens @eeoee weee BL reat morwueH 10889j01g "aon 
wel diac oak ie the; usar ee ecceecrcsns eve Beeteceessenoecse e *We > LaBSpeg 1ossojoly ‘4077 
SV'u'd “beg ‘depy e9]28qD *teecceeoouoUMZON Jo dousig Plo] OWL, = “ed ‘ Jy ‘wegsarpusy p10] ony, 


Seseaeeeeceas ott 


“eeedvenes weeeeay O0G “Garg ‘sqog “(7 ‘f Jossajorg 
eve csee ee "T'S Ud‘ A “1° “hae y “el A S08ED (017 "Ain wip sy 


@aeecoseeeenteecoesnoe “1881 ‘s dug ‘nol asa] 


“occ creer ecsecsoccscormfony JOE 


*seqeag “beg ‘omosumy 08100 “beg ‘awa aL fd‘ “bsg ‘ploqqoy "9 “fr 
“onsy “Sad “T'O'd “bey ‘AUIV T1ZaaId ANUOTO 


seaciaweig tt t 0 pedpuug “A'S'e'd A “dg ‘vey ayor ‘ary Ga 

a's'u'd “beg ‘poy sourer | 3° Grezoaquy 2yj) Jo fedioug “ast « oe 
Cerys leareccage ys Coppere f ‘Sse Fag “Sud Td “ie ‘ouEqeug + py suutoKy, ag Pesouar 
8°14 “O'S Wa CO' A ‘more sowajoig, || 2 Oo a ‘a's"U'a ‘(tmausn-99080¢ x07) arog pute mom salen 
PehecnececcseesekHtiune 2 ‘o'y' a il el i | “LY aqaoy yo any at, 
eeeedcvacecesedulemae@atvet ia “S'S N'A “AON “teg7E,; Jo jae aqy, 
ee ee ee oe ee ee es Pe TL Oe | jo OAL piv] aq “LOp] Wing 


"Os8t ‘1g dup ‘moungnrag 
CHOTHSCHEOHSOEOTOS SCORE Os enees °° * Rmolpuy “3g ‘pivaoey 
"98 PUB IOWATES IS JO oFolqog porun aq3 Jo peda 
‘SRT SUA OT “Hy ‘UTLSMAUG GIAVAG UI 


hey ‘ousg) sourer ‘S'u'a ve W “SITTTAA *jOlg "aay SH a7} “HF “19) 8.00 gf piasg 2g 
Be de : Cece cere rnvecees eee tee eeseene core SU a “Toa ‘Aepery soso e 
a ob Nl on een Ta Coen ecccenencccseeesecae "R’s) ‘006 Sear a oye Ww * bey Mad poet te ecixpoayewo ka Gret ‘st Pamarydag MYeOe INS 
rar “TOpULL uye CROC L oO eeneerene saa “rod an "yg "Pad | aah ‘Lon 1q3ty ) Vv ua r Vv I u nl a a NOSNIGOU ‘ua ‘L “ATU aaL 
ees ee 2 ee S'U'a ‘£aq6a3701 AA, p2e"! at TL Ac] MOLI fy Jo ie. | SUL 
11D SPus 36 Jo doysig psoy OW, = 'S*U'a “ety “beg ‘uwrary “yy *¢ 
dtecinteaaiee sara “beg ‘aso “y an ei. ‘a “beg ‘uimrpic AN viMory “svsT ‘6 yenSny ‘vasuvas 
Cee eee eee ee ee ee ee ee §'u'! 4 uty jo uta] oq ‘sayy a4 JILL eeenee eevee Cheon ser eraser ececconce ry ‘£ yes 
‘beg ‘aipus Ke @°que yt PeSH oe eeeeresreseeseesececoracen i g's) ‘eg “e'y'a * Jag ' ary 4 6 oF Pos ou 
L g's) ang * aqag Vac EH 26 © 3Uapt 
aoeveeseetereeee Se: ‘erepy PUTT ‘A LM “ayo g Pe wiribosm py LF oer a a one es, ae si 


‘ "oly rears “Cty ‘Acoqueg sossajorg 
hy rod rte, mo 201 LBRO “Evel ‘ep aun ‘axoug 
( bry (pnepy quo ya A ‘H haan ! 20} ‘a'lt '9'd Obey monty ytayong a) MOTT, CUOUeCOO NOOO CO RetOeD proxy 10 dnusoaray an rm IK 
md t 


; veveleccecvoucessenseeeee™® {QMUBAUO) OF JO AOTPOUUT OLA OAL | SEA “TOG “ING ‘gin 
pata vent unten Hed 8 set acy doyea pO] UL, “SW WU PH OL ONL AVUVH INGEOR Ue 


com's "Q' pe ‘Wdmd soseaporg 
epee enseccen ee omoape ( 0 i0tte d gud a'r 
eoonne ‘oud Ie : a a sey ‘MOIzn 10 donna pioT — 
Coe ecoce eepeage digger! toys Cyan] wouUTM)S LL" 1006) ‘8 ‘ mle “oval ‘or e 
tna “poor 0 HL sore se MA TOT A ag wl) “WOH NAN | SWATH Wossatogty NOLEN TREAOR 
da K UNl0 WH Cecrereneveeeeeenes a *noyesouTed qunoowl | "5 il WONT Y i dil NOUdO we 
Pececreoscnpenie ¢ 020028 X 30 eg oy “sgaeotoul Wh yo PTD A LL 


‘opel ‘Ot eung ‘soqtuanvg 
‘e'n Ceo eee aero HO Oeerre er eneesr tery egnrame m logge < toy: *besy Ay ‘a ‘Oo ry evel * . 
*e'ul'’d ioe Ce *euyydony CUTE AA eee seecnsees Coseoreert once ‘a'd ony a aM bes "ureyesf) f a | eoue *"o” “ey 4 ¢ wig "]RHOGUAH MA a NROf wie 
*trececeeescuamsons go douse egy, "oR [A psvgy JO [40g oq], 
Sata Seceatietdy rene S380 AA OFOTITT AA tes i ee as Cece erm iat ‘ ; P 
of Meta at bee ‘Weudepy nae sa8vemesy Mike ae. OF | (oer obec Claes . nl 


nae ; eee ee ee ee ee ee) ‘a'ua “V'K tyoaBpog 2008 amy SLL 
“4 Ay poreuy soesajoly eee 


°e'0)'a . : cpemt ‘ge seqmneqiley aOR 
w'e)’a ° hex 19 ow og MONA Lf tte @eevrtuce "wn 4 Fede te gall ‘hornse raditey uy? UuOnt our. ae “wwe “aie 9 rei) a it ‘MoUUVaAd YT) “AM oul 


HC Teases teen 


“SOA VW “88a [1Sqesuly Gwe) somes 


TK ‘ beg ‘DONTE AA ew0y, Pah erecene os @veecee Cceeseccs i ° : a ‘aBoy A) fu, Jo Jaqeuyg ‘asst ‘gg zaquieqdag ‘sazs] 
‘g'o'g “beg ‘pasa song M. regen OH “§ ua wa ag Tea “A "AY ILL ooee sone CORO CO Oe EERE Onna eeeeseee umoenpY Ysiug 93 
Vid ‘MOLY memos samy | 211). O'A Sad dN “areg “noua Aap eedreyy op dura ais [70 ri hepsicpeing (roe hil ei ph ae Sg 
Pee te eet en ee : i a ‘vA SoUTe” “LE COR 34 Gry OGL | SDA S"1'A"8'U'd'A“T'O' “' WR ‘NA2MO GUVHOID 
‘s'O'H'd “dR ee bmense co 
Ceeeeseserseesevasccor Seen eacsresccvevers "S'u'd oeajuopy ploy ony, | 
eevneeve eeeve ‘8'0'd “ASW OW UW 71 “beg “THO PAToNE 
@eseveeneeves Socne @eenee Sad ‘art! ao ‘WlOORW] [OUO[O(:)-";uOY] 
4 te srg sore at : perma 21 : Sees a ee pepe KB iB le i a say cue eat: *2s81 ‘96 eel mead, 
6 e e e aeeesecnosen COMP EHORnareeHeeeererHH eee 108 7 in j ‘ ° SeeGeseaaeeseeeSeeseseet@eovesenanenese eo a | *d’A i ins | 
a ‘ood “a Apu] veesseseees QpRUMTURE Op 204%.) sor “ainpirg 0 eebonge one ‘ewd “TOO “ad GAOT] AAWHANAH Age OU 
secccrcccvace ee Hig, “aAoljor AWW, po peO4OLg IU, 
eeveesrccse *"OYQng Jo soln” plore atl) e/a Wo py Why OE, 
eons ‘ 675 7th rf 
‘beg ‘Tqeann woA BYOL vaste m. oe ae ed om eee teres Ede re mac ne ‘gost ‘9 3nSny ‘NVHNELIEHO 
*9'u'a bsg Guys Pavone Coreen ee roserseraseeeeseeeee [OW pus sa e00Nopy yo ili oud oy ed. ef . aan paopx ojo Aymara, oq uy Lue70g Jo 208Neg 
“yy ‘uosuqoy adeg | ee i er ee Yd aL 8 A S°O'd “SA ‘aroncy jo jaesy ogy J Od “SSA “OTT “a ANG@AVG ‘a ‘OD SHTXVHO 
eeovee is Rie Gia Ss AA Aenea eee ge are "}" Wi ORO, L. eae JL 4), Jee pid 
bet ** anne redo om 70 soseupe “Seu ag Ve “bs a "uaeere) worn ML 
e ATLOS) UWITILAA FETT ht teeter eer nese secre rer eset s ere Byes W ‘gn iInr 
niiaeeee ne ee ee Re hE -ss8t ‘51 mequinndeg ‘moosv79 
Pern eg area Ulam Geno e | esos oat anes aurea SUA Pa'TT MVC ek SOUND ats S'O'd “S'H'd “IIADAV 40 ANN ORL 
OR CCH CeO RRE He: Oe ee ee ey ‘a ea a "yn ‘euTpIM f uwET AA me 
eee eee eee eee ee ee ‘a'd SOWIE poe py yet Luts * iy] Ato A Ot], 
eee eee eee eee eee ee ee ee | 8" rj" i at y" 5° a heahe eye ME] wel Ty 
ie ‘S'V' Us” ‘aT Rr" 4 **beg * anew UIT A 
‘C'IE ‘awaray sem0gT, sepa © ; Pea) OPTI ANAL “vast ‘0g squiandag “100cE mary 
e . ; 20908 . wo i € MEE, P's. < 0:00 0 4.0.6.0 0-0 6:80 
‘en's “O'R ‘BorupIc door jo.me KO ares re TA" "5a a awn baray acy eomiphie ‘SU'a ‘ACMOWUVH JO THVA OGL 
eovcsoee ‘s° Od 9° uw a sy? KX Real ise anal Aa 2) rue mea ap hg a 
eee eee eee ee ee ee *s° Viu'da’ ‘o i" a “\y" 1 * Ao] eay pid AA paar] OL, 
ecevraessceces oe coems sigrags gx ® Se pEyEsT MN) te ee | 
@avsneeeanoegear s °° gnayy hie a LY s wmagdog ‘ 
yeu] SOPTUTOO TY ly ‘eoid ‘beg | eqoosr pag) | conony oa ae nt om jo ward ' e ve" a" J a a ng HN we ewatn es vases owes Set or lle qa tal 
ApS “TIN “ITT d°A “' edo Lru0H “sua "y WE TPs Jd A eA T'O'G ‘iepwng somsyqorg (2 “goa “Swaa WK “bey ‘SNINZOH NVITILA 
ctcsocce smiary sm "anon qQEpuory pao] ‘BU a ‘Opepay po {hy ey, 
@nseerescoon ‘aT! “A -4918 i _n ‘oy ° z | ag * fy “ry 10 a) tO, | 
Coe meee rerereeseee ti e"v"'u" A “W Lu ‘eo i) ‘eT “oi wore HH ‘AL "ANT 
“BOsT AN ‘d “AA soewepolg | “’"s sess’: mena weir ‘adaqjop #,waent) ‘wd “d'd ‘MU Sd aay "scat ‘t saquieqdeg ‘isv41Eg 
WN ‘een, i WTTLAA eeocnenccne TeReReReee OS eee es ee wr ig * “TT ‘eqouUrgy pau “pa "ad eee coeseocecs Reece rsacenevve fkypog yeioy 9q} 30 ‘<A 
“bey “USI Of AA Bae Nae vk Sd OOO EL SueR ng | 2 svenL ‘Garry jehoy ‘ANIGVS CUVMGZ TENOI1K 
ee See REE POERESY CeCe ee 6H ‘14g “V¥"l Hu" fy “eee0 Ty] Jo [ea SLL 


eee eee ee ee ee Be ele: a | ““T"O'd “apres po OY UL 
*SBIWVLINOIS W501 “SLNAGISAUd-3DIA “SLNIGISIUd 


S'T'a “oy'a “weg *‘ao,Saiqeg ve) fe | 40883j03 


CO CROOK OR OREOCHORER SALE ERED E THE SHEPOBESMESS 2gereon a poy our } 


\ 
Corecess eoeseeHeseresse e me cagrar’ J Srrrrt “beg *aryequre THOTT AA 
es ee eeeee et Hi te eee s‘v'u'd “a'@ ‘ryan oT ae e-t 
‘i d ‘ Seeesesereeves @evevees ee ee ee er Sou 
“beg cg a FR “ag SuyoyY JO OMINSUY WIqHON 9) JO Mapex “bey ‘pooAy FeTOGIN 
- ‘Q1Q0N y re eececeecrcscecescess -MRDRaN jo 104 “heey Ta WUTC] yee] 
ee aptly, yeoo OWT) “bey ‘s0,4u, qing 
Coeowesereresses ‘s'D'd ‘oa "TO “(W"TT iw | bed CLL! Ils 


oc, 808K {98 sagny ‘EMA -NO-S1LSVIMEN 
‘ SHA “aT “sd ‘ONOULSHUV ‘AA HIS 


WAL yang ‘omfyasary, "9 2997844 Mg 
SEE So Bid swag “T0'd “vm ‘eompy “9p somanag 

Siipeereeresesrsss.: 8 sgt 39g T'O'C. “"V'I ‘s9407g “2 *£) sousajorg 
*V'SE ‘Sx0LI0g ‘PE ON °A971 UL cco: log lamouansy “Sd “TO-d ‘weg “beg ‘dary -q 5 


Tt : 
‘v'We ‘Suyaary ‘q “pH s0seajolg ‘SQST IT 20q070O ‘EOaIZENVD 


CO e ema es De SaAP EHO CHOCO aenneneees eSpuqureg jo L778 
~saayan, om uy Sqydovoryg THusurredxg pus Temnzeny 30 
20ssqjOlg UVUOEHIL “"S°uca “vw ‘SITTIIA “UH ANE OUL 


@aeeace 


SE 0 8g OV Ie “£100 
‘Sua TO" ma qa G 1008aj017 "AT IT, 
e2ppqurey ‘e#aqqog Ajruuy, jo Bye SA aA A A oa 
seeeaecces gitar Aig jo wad “Cd ‘Wipoor Aaaaey “aay £294 oy, 
OFppqurey jo Apyer9a1M/) O43 Jo soqsoaeyD-9014 OM “Ady OTL 
cece mene cies ecceeses e "TO rr “sag “beg ‘ TAA Wdoso 
SRI CE SAR STMT Re 
. Wea chet dhe nkehtint Lictiateh amiga ac) 
oURRE 908 “Md BIT “sel “Sty CTT “beg ‘omor yoo sourey 
CREST CHOH OHSS EHR OORT edeeraseotHEs ‘A'W a | ‘UM, [recidey noes 
PTwEY TPR ee bh? i | ‘Das ‘Aayrag SU UTC, 7, 


‘beg ‘PION ; vecteecccseccncccecncscoorossesncnreg lamer ‘poomAagy wyarUlTag 48 


"1981 “> zoquiegdog ‘uxzexmONv yy 
999 gear Oarg “guyy “esa ‘NW 1va — 
eoveees comm “gtd SdH “HUE CoHe A 10 dyad 218 IVGUIVA HVITI 
eoeeeeoegere 8) 'g'O'd ‘ond “ (lil ‘ape }o doug pac’] UL 
RTT ETT S')' H's “T'O'd “ah ‘he(UBd5 pl0’] OL 
: vere egy g OuvOEE 7 ENE POL 


ogls agle "orytn0(] sowenpol] Swa TP MPY LORNA 
STEEN grassed TL eI Ace oe 
ony) 110 youn] head WPPrd “oO ' Bad: Ara, OU, 
aooere psojz0 q rir od i “| "OO jo' | er] WI, 


reget ‘Ug emmy 'gnoltQ) 
PCO T AVR ARTRRLLOUS 0001 


80'S "Weng “beg ‘egw afsoep sonevonceeoeene? 
8 oa “YH “bed ‘qyywag "g 'f | 
la “aK 60709 10} 983009 


yor (Sa Vd OU OB ONY, 


quasi voy 'e'O a | 
asrqepreytO He uf Mo a0ffauNt)- 291 pod OUNOE HOY ONL, 
wo’ od O'd OM AGOGO aN oy, 


pavsaneved een eeren '¢* 


auog “era “SCOTT “eg "mommoyy oy 


jo aoue Tr. wl | ’ . 
s aseopaoqy po L18T100 bere sae ‘e'w'a ‘ i] il OL | il “LL ‘AY 9 
pgannseerne eens reeeeenees BT hy ‘MnO A MK ‘ang we 
‘ qegeoert — inep ri a 
ve noeeogoeent’ ee @ wa nA “A ‘~)'o'd | ie | || pany ‘iw 
» | "y ‘hey ‘OUT ‘A wyer 


» "Yee ‘aering sogsegord 
BY Oo Coe 


pane eens eee EA je Md MLL BRUNHOIN TVAOU O18 


yarn x ayn | lof ! 
ee wee gd OE PMT fe atigt Wy 


soot 


wile OD ORME] OHEpoy are 
ee pwd mpg Ve weet rere Ma WHOL ayy | °° LWoenon aay eoqmerdeg ‘naneuaey 
Y 


116 Gcces Se 
-_——_——— Il 6 ceces 
ot 6 9 Pee eepeneecrn eecrrnstier crete reece fren fe ODOC 
SJoINsVIs |, [8007] pus s9IMIVI1] [W19NIH Ul 073!¢F 
9 OI OSs CORSO CHESS ESOESaSSEeEESSEOESOT CED siaqusg YJ eoussg 


Ol € sogt 

0 0 Ol reoeeesennere nee eR EE eres ee et Sea a 

0 0 8 Secohaceregeeeeeese SHH HAHRHHE EEE Ree “e007 pp tmipouy 

0 0 a bs iors SpoupaTy - OTL YT, 

0 0 OOL -- ydusSorToROION 205 = PUPIL [Poop p i Any 

0 0 lI Hoya Monnmn'y 

000°, * Borg Is}Ip Pow GORONTANIO() ‘opi 

00 Ol ct “es SEEWDOWI TROLEDOTST 

0 0 trietrtstessessessesensesunesenen UROWUTY Jo SPINE 

0 0 oot SSSCHSFCOS TOSSES SHO COST EHEP EEE RHHB EL EES LIT YS ae ima a, f NM EATO A 

0 0 OL rei tteteseees tttaragee Tr auseead Japun uoqaw) 

0 1) 00g Se rSehooeee CEO OES OHHH HHP HUSH PERE E EH HERE od Steere) DMT WE 

sersseaaayeaes ianat peueiehararain detains 

9720 eee eRe Spano 

ore wtoovw ursyIng pus puvjsoquinyy0y Suspoaqy 

0 0 Cc @vcnscvecessace puro jo qeKOD JFna “97 Sutpoig 

0 0 OG tirtteeteeres neon * De SulSpeaqr 

0 0 St Tens eu uta 4 oats deowyy [e010 4 

0006 aan radon, Wi some 

0 r) 0g YOST ETE TOPE COTE ITT ieririrrii iris) s8u1110}7 

OO eee Fee sate eee er ee etge guage f ; 

clatgeesahciecnvas Bay O LT St EMIS “AW Aq pamMer Ung 043 JO KAINIOIg 
Oar sucneceian: ¢ fay seserc id sae Toonae oiqdesB0,0Ng 403 ‘19ST UI opem zuwIN jo souyeg =“ 
0 0 ogy ---Lr0yeaz00q0 Moy Jo quouTyerqusy FurureuIEyY 107 P-L 1e. ee ee "** "aap ‘ermag Jo sanZoy 
— za ‘Buneapy OFpLuquiey 38 apeur syueIF) JO 3uN0008 UG -¥18D ‘suoday “A—suONwONTGNd JO eg 43 Wosy “ 

0 0 00! esossaeseoee SOLSHSSSHOSHOHSSCEHESOsHe sy10day 0} xopuy Suuedsig 10J I Ol 942 Sasareecasenseosssesggocsecoesea es@eaeene °°" 4903S uo spuspuig 64 
0 0 ose SCORES SSEOSSSESSEHSSHVHOSSHEHS SHOCKS HORHEEHET SERS aege sem Zl ‘SoLsBlesS 9 L PLSI eooeeteteoneveecce CaoeoaSeCHoseesasseseenese sjosu0) jo aes 64 
L 6L 9¢9 SPSHOHOS SS HSHESOHHEH ETOH EELEHESHSC EE HOLES Coeopeseeoreos * Suneey 0 0 rA TA S&F Peocene 0331p 0731p ‘sjayoly, Salpwy 6 

38T¢ Jo qiodey Zarpuig pus Sauwiug ‘Sayuy 105 preg 0 0 zr oNIP 0771p ‘SayILy, sayewossy 
A 9 oOIs ecoesteasone SJZINEVI J |s007 343 pus TIINEVIL], [eieder) ou} 0 0 Ise seeenegene 0}3Ip 033Ip ‘guond LIgsq ng [oun y 66 

kq sosuodxg 420g [euapionoy pue ‘Zursysoapy ‘Zaipuig 0 OL Z8U °°" eoUuTs pus e8piqares yw suorNweduos ayry peareooy 
— ‘Sunuug Arpung ‘Zunsepy wWpuquvyg jo sosuadxg pred fg | 6 4 = sotaeccooroceceooerrerreors SEMOOOY Jet] MiGs UO JYTNOIG QOUEgG OF, 

® ; yd e 
“SLNIAA Vd "SLdI AO Ta 


“(ANAL-NOATLSVOMAN 3¥) E981 NBnY 419Z 07 
(ONILTIWN ADAIUAWYVO Jo yuamsouammos) ZggT 13q0799 TF Woy TNOOOOV SUAUNSVAUL TVUANAD AHL 


“AONGIOS FO LNGAGONVAGV FHL YO NOLLVIOOSSV HSILIME 


MEMBERS OF THE COUNCIL. 


XXV 


Il. Table showing the Names of Members of the British Association who 
have served on the Council in former years, 


Adamson, John, Eeq., F.L.S. 
Rev. Gilbert, D .D., Master of Pem- 
broke Hall, Cambri 
Airy,G.B.,M.A., D.C.L., ‘BS. Astronomer 


Ashburton, William Bingham, Lord, D.C.L. 
Atkinson, Rt. Hon. R., late Lord Mayor of 


Baily, Francis, 
Baines, Rt. Hon T., M.A. M.P. (dec*) 
Baker, Thomas Barwick Lloyd, Eeq. 


Bell, Ieaac Lowthian, 
Bell, Professor Thomas, V.P.L.S., F.R.S 
Bengough, George, Keq. 


a 

or of Ireland. 

Brand, William, Eaq. 

Breadalbane, John, Marquis of, K.T., F.R.S. 
(deceased). 

Brewster, Sir David, K.H., D.C.L., LL.D., 
F.RS. L. & E, Principal of the Uni- 
_yersity of Edinburgh. 

General Sir Thomas M., Bart., 
K.C.B., G.CH- D.C.L., F.R.8. "(dect). 

Brodie, Sir B. C , Bart., D.C.L., V.P.R.S. 

deceased ). 


Charles, B.A, F.B.S. 


prown, Robert, D.C. FHS. (decensed). 
Brunel, Sir M. I., F.R.S. (deceased 
Buckland, V Rev 


Carson, Rev. Joseph, F.T.C 
Cuba Ek-Gen Earl of, LOB. F.R2.8.E. 


Challis Hew” MLA, F.BS. 


Chalmers, Rev. T., D.D. (deceased). 
Chance, James, 

Chester, John Graham, D.D., Lord Bishop of. 
Chevallier, Rev. Temple, B.D., F.R.A.S. 
Christie, Professor 8. H., M.A, F.R.S. 
Clapham, R. C., 

Clare, Peter, Eoq., RAS. deceased). 
Clark, Rev. Prof., M.D., F.R.S. (Cambridge. ) 
Clark, Henry, M.D. 


Clark, G. T., Esq. 

Clear, William, . (deceased ). 

Clerke, Major §8., . R.E., F.R.8. (dec*), 
Clift, William, , PRS (deceased). 
Close, Very Rev. .A., Dean of Carlisle, 


Cobbold, John Chevalier, Esq., M.P. 
Colquhoun, J. C., Esq., M.P. ‘deceased). 


Conybeare, Very Rev. W. D., of 
daff (deceased 


Currie, William . § 
Dalton, John, D.C.L., ERS. f eceased ). 
Daniell, Professor J. F, F.R. 
Darbishire, R. D., Esq., 
Dartmouth, William, Karl of, D. C. L, F.RBS. 
Darwin, Charles, . M.A., F.B.S. 
Daubeny, Prof. C. G. B., M.D.LLD., F.B.S8. 
DelaBeche, Sir H. T., C.B., F.R.S., Director- 
Gen. Geol. Surv. United Kingdom (dec*). 
De la Rue, Warren, Ph.D., F.R.S. 
Derby, Bar! Earl of, D.C.L., Chancellor of the 


of Oxford. 
Devonshire, ¥ illiam, Duke of, M.A., D.C.L., 


Dillwyn oer M.D., F.R.8. 


wet. FBS. (deceased ). 
Dene Professor W. M.A., F.RS. 
Drinkwater, J. E., , (deceased). 


Ducie, The Ear] of, FI S. 
Dunraven, The Karl of, F.R.S. 
Egerton, Sir P. de M. Grey, Bart., M.P., 


Eliot, Lord, M.P. 

Ellesmere, Francis, Karl of, F.G.S. (dec*). 

Enniskillen, William, Earl of, D.C.L., F.R.S. 

Estcourt, T. G. B., D.C. L. ( (doceseed), 

Fairbairn, William, LL.D., C.E., F.B.8. 

Faraday, Professor, D.C.L., F.R. 9, 

Ferrers, Rev. N. M., M.A. 

FitzRoy, Rear- Admiral, F.BS. 
Fitzwilliam, The Earl, D.C.L., F.R.S8. (dec*). 

Ww. M.D. 
one Bell, M.D. 


Forbes, Prof. Edward, F.R.8. 

Forbes,Prof.J.D., LL.D., F.R.8.,Sec. R.8.E. 
Principal of the University of St. An- 
drews. 

Fox, Robert Were, Esq., F.B.S. 

Frost, Charles, F.8.A. 

Fuller, Professor, M.A. 

Galton, Francis, FRS., ¥.G.8. 


* 


Gessict, John P., ¥.BS. 


Gilbert, Davies, D.C_L., ¥.B.S. (deceased). ; 
Gladstone, J. H., Ph.D. PBS. 


- H, a 
Goodwin, The Very Rev. H., D.D., Dean of 


Gourlie, William, Hing, (deceased) 
Graham, T, M.A, D.C.L., FBS, Master of 


’ 4 F. 
Green, Prof. Joseph Henry, D.C.L, F.BS. 


Greeuough GR, Kaq, PRS (deceased). 
iffth, George, M.A, F.C.8. 


-L.8., Dean of Manchester (dec*). 
Herechel, Str John F.W., Bart., M.A., D.C 


deceased ). 
odgkinson, eesor Eaton, F. 
Joseph, . F.RS. (deet). 
Hooker, Sir William J., LL.D., F.BS. 
F.R. 


). 
Cap wen, E.,¥.G.8. 
Inglis, Sir B. HL, Bart., D.C.L., M.-P. (dect). 


Johnston, Prof. J. F. 


REPORT—18638. 


| 


Johnston, Right Hon. William, late Lord 
Provost of Edi 
. MA, PES 


Lankester, Edwin, MLD., FBS. 

Lansdowne, Hen., isof, D.C.L.,F.BS. 
Larcom, Major, R.E., ., ¥.BS. 
Lardner, Rev. Dr. (deceased 

illiam, Keq., F L. & E. 


Latham, RB. G., M_D., F.BS. 
Rev. John, DD., FES.E, Prin- 


Labbock Sar Seh W., Bart, MALES. 
. Thomas. 


MacDonnell, Rev. R., D-D., M-R.I-A., Pro- 


Malcolm, Vice-Ad. Sir Charles, K.C.B. (dec). 

Maltby, Edward, D.D., F.BS., late Lord 
Bishop of Durham (deceased). 

Manchester, J. P. Lee, D. 2, Lord Bishop of. 
| . 


Middleton, Sir William F. F., Bart. 
iller, Professor W. A., MLD., Treas, and 
V.P.BB. 
Miller, Professor W. H., M.A., For. Seo.B.8. 
Matthew. . 


Moles 9; 


MEMBERS OF THE COUNCIL. 


He 


Wilberforce, 
Bubop of, F-R.S., F.G 
Pulmermon, Viscount, K.G., G.C.B., MP., 
Pease Very Rev. G., D.D., Dean of Ely, 

deceased ). 


PRS ( 
P. TES (dowkenly 
Pendarves, E. W.. Eag., F “RS. (docessed 
Pulkpa, Professor John, M.A, D. TRe 
Rev. G., B_D. , President of Queen's 


Richardson, Sir John, C.B., M.D., LLD., 
FEBS. 

Richmond, Duke of, K.G., F.B.S. (dec*). 

Ripon, Karl of, F_B.G.8. 


. Prof., LLD., F.8.8. (dec*). 


id 
5 


Admiral Bir J. 0. 
deceased 


J 
4] 


ure 
F 
wR, 


iat 
i 


if 
ul 
z 


i 
ry 
A 


: 


ee 


Selby, Prideaux John, Eaq., F.R.S.E. 
1 Tofemsor, M-D., Seo.B.8. 


Smith, lw, Kea 0. Hamilton, F.R.8. 
deceased 


). 
Smith, Prof. H. J. 8., M.A., F.B.S. 
Smith, James, F-R.S. “FS, ‘ ) 
pence, William, F.R.S. (deceased 
Spottiswoode, W. WoMA F 


Stanley, Edward, D.D., TES, late Lord 
Bishop of Norwich (deceased). 

Staunton, Sir G. T., Bt., MP. D.C.L., F.B.8. 

St. David’s, C. Thirlwall,D. D.,LordBishop of. 

Stevelly, Professor John, LL.D 

Stokes, Professor G.G. M. A.,D. C.L.,Sec.B.8. 


Siatiand, naueh i “fea, ERE. (decensed). 


Sykes, Colonel Ww. H., M.P 
all B. P., D.D., Warden of Wadham 


bor wry Oxford. 
H. Fox, Esq., M.A, F.R.S. 
Tayler Rev. John James, B.A. 
Taylor, Hugh, 
Taylor, John, ERS. (deceased). 
Taylor, GS. 
Thompson, William, Eaq., F..L.S. (deceased). 
Thomson, A., Esq. 
Thomson, Professor William, M.A., F.R.S. 
Tindal, Captain, R.N. (deceased). 
Tite, William, .. M.P., FR. 
Tod, James, Kaq., ‘RSE. 
Tooke, Thomas, F.B.8. (deceased). 
Traill, J. 8., D. (deceased). 
arevelyan,_ Sir W.C 
Edward, M. D., FBS. (deceased ). 

Turner, Samuel, Eeq., FRS., F.G.S. (dec*). 

er, Rev. W. 

dali, Professor John, F.R.S. 

igors, N. A., D.C.L,, F.LS. (deceased ). 
Vivian, J. H., M.P., F.RS. (deceased ). 
Walker, James, Faq. F.RS. 
Walker, Joseph N., Kaq., F.G-.S. 
Walker, Rev. Professor 1 bert, M.A., F.R.S8. 
Warburton, Henry, Eaq.,M.A., FR. g. (dec*). 
Ward, W. Sykes, Esq., F.C.S 
Washington, Captain, RN., FRA. 
Webster, Thomas, M.A, F. R. 8. 
West, William, . F. RB. (deceased ). 
Western, Thomas 
Wharncliffe, John Stuart, Lord, F. B.S.(dec*), 
Wheatatone, Professor Charles, F.R.S. 
Whewell, ‘Rev. William, D.D., “PRS, Master 


Trinity College, , Cambridge. 
White, John 
Williams, Prof. Charien J.B, M.D., F.R.S. 


Willis, Rev. Professor Robert, M.A. F.RB.S8. 
» FG-E. (deceased). 


Winchester, John, Marquis of. 

Wood, Nicholas, . 

Woollcombe, Hoary in PA deceased ). 
Wrottesley, John, Ter Ye D. -L., FBS. 
Yarrell, William, Bag. FL LF. ‘Lg. deceased). 


Yates, James, Kagq., 
Yates, J. B., Heg., ¥. SA, VEGS. (des*), 


OFFICERS AND COUNCIL, 1863-64. 


TRUSTEES (PERMANENT). 
Sir RopERricx I. Murcuisoy, K.C.B., G.C.8t.8., D.C.L, F.B.8. 
Major-General EDWARD SABINE, R.A. D.C. rs Pres. R.8. 
Sir PHILIP pg M. GREY EGERTON, Bart., M.P., F.R.S. 
PRESIDENT. 


Sir WILLIAM G. ARMSTRONG, C.B., LL.D., F.B.S. 


VICE-PRESIDENTS. 


NICHOLAS Woop, Esq. 
Rev. TEMPLE CHEVALLIER, B.D., F.R.A.8. 
WILLIAM FAIRBAIBN, Esq., LL.D., F.R.8. 


Sir WALTER C. TREVELYAN, Bart., M.A 

Sir CHARLES LYELL, LL.D., D.C.L., F.B8., F.G.8. 
Hues TayYLor, Bed 

Isaac LOWTHIAN BELL, Esq. 


PRESIDENT ELECT. 
Sir CHARLES LYELL, M.A., LL.D., D.C.L., F.2.8., F.G.8., F.L.8., F.R.G.8. 


VICE-PRESIDENTS ELECT. 

ARTHUR WAY, -» M.P. 

F. H. Dickinson, 9. 
Wiliam SANDERS, Keq., F.G.S. 


Lorp PORTMAN. 

Marquis oF BATH. 

Lorp NEL#0N. 

WILLiaM TITE, Eoq., M.P., F.B.8., F.G.8., F.8.A. 


LOCAL SECRETARIES FOR THE MEETING AT BATH. 


CHARLES Moore, Eoeq., F.G.S. 
C. E. Davis, E 
The Rev. H. H “Wixwoop. 


LOCAL TREASURER FOR THE MEETING AT BATH. 
THOMAS GILL, Esq. 


ORDINARY MEMBERS OF THE COUNCIL. 


BAaBINGTON as C. C., F.B.S. GLapDsroneE, Dr., F.B.8. PHILurps, Professor, M.A.,F.R.8. 
BATEMAN, IF eer: GRAHAM, Professor, F.R.S. SHARPEY, Professor, Bec.R.S. 
CRAWFURD, Jone. “q ,F.R.8. | GROvE, W. R., Eaq., F.RS. SmitTH, Professor Henry, F.H.S. 
DELA lg lets 


»¥.R.8. | HEYWOOD, JAMES, Esq., F.R.8. {| SmytTu, Prof. WaRINGTON,F.3.S. 
FitzRoy, A Ra. Hoaa@, Joun, Eaq., M.A., F.L.8. | WHEATSTONE, Professor, E.R. 
Foster, Perens LE N EVE, Esq. | HutTrTon, ROBERT, E .B. G.8. | WEBSTER, THOMAS, Eag., F. Rs 
Gassiot, J. P., Esq., F.B.8. MILLER, Prof. W. A., ‘D., F.B.S. | WILLIAMSON, Prof. A.W., \F. 


EX-OFFICIO MEMBERS OF THE COUNCIL. 


The President and President Elect, the Vice-Presidents and Vice- Presidents Elect, the General and 
Assistant-General Secretaries, the General Treasurer, the Trustees, and the Presidents of former yeare, 
viz.—Rev. Professor Sedgwick. The Duke of Devonshire. Rev. W. V. Harcourt. Rev. W. Whewell, D.D. 
The Earl of Rosse. Sir John F. W. Herschel, Bart. Sir Roderick I. Murchison, K.C.B. The Rev. 
T. RB. Robinson, D.D. Sir David Brewster. G. "B. Airy, Eeq., the Astronomer Royal. General Sabine, 
D.C.L. William Hopkins, Esq., LL.D. The Ear! of Harrow Dy. The Duke of Argyll. Professor Dau- 
beny, M.D. The Rev. H. Lio a, D.D. Richard Owen, M.D., D.C.L. The Lord Wrottesley. William 
Fairbairn, Esq., LL.D. The Kev. Professor Willis. 


CENERAL SECRETARIES. 


WILLiaM Hopxins, ts M.A., F.B.8., St. Peter’s College, Cambridge. 
FRANCIS GALTON, Eeq., M.A, F.B.8., F.G.8., 42 Rutland Knightsbridge, London. 


ASSISTANT-CGENERAL SECRETARY. 


GEORGE GRIFFITH, Esq., M.A., Deputy bart of Experimental Philosophy in the University of 


GENERAL TREASURER. 
WILLIAM SPOTTISWOODE, Esq., M.A., F.B.8., F.G.8., 50 Grosvenor Place, London, 8.W. 


LOCAL TREASURERS. 


min! i 


b he ar Omy, Ea4.. na A rea Cambridge. ne a oe ag rie Bwanses. 

Praf. ©. ¢ ih vington i th & Belfast. 

William Brand, Esg., Edin burgh. Edmund Smith, iy Hull, 

John H. Orpen, LL.D., Dublin. Richard B Beamish, ea. ¥.R.8., Chelfenham. 

William Sandecra, Eaq., F.G.S., Bristol. John Metcalfe Smith, Eeq ., Leeds. 

Robert M‘ Andrew, Feq.. FR. Liverpool, John Forbes White, ., Aberdeen. 

W. EK. Willa, Esq., Birmingham. Rev. John Griffiths, M.A., Ozford. 

Robert P. Greg, Esq., F.G.8., Manchester. Thomas Hodgkin, Esq. Newcastle-on- Tyne. 
AUDITORS. 


J. P. Gassiot, Beq. Robert Hutton, Esq. James Heywood, Esq. 


OFFICERS OF SECTIONAL COMMITTEES. XXx1X 


OFFICERS OF SECTIONAL COMMITTEES PRESENT AT THE 
NEWCASTLE MEETING. 


SECTION A.—MATHEMATICS AND PHYSICS. 
Prevident.—W . J. Macquorn Rankine, C.E., F.R.S., L. & E., Professor of Engineer- 
ing in the University of Glasgow. , , 
tee- Prendents.— Major-General Sabine, President R.S.; Professor Sylvester, 
F.R.S. ; W. Spottiswoode, M.A., F.R.S., General Treasurer of the British Asso- 
ats 


Secretaries.—Professor Stevelly; Rev. C. T. Whitley, M.A.; Professor Fuller; 
Rev. N. Ferrers, M.A.; Fleeming Jenkin, C.E. 


SECTION B.—CHEMISTRY AND MINERALOGY, INCLUDING THEIR APPLICATIONS 
TO AGRICULTURE AND THE ARTS. 


President.—Alex. W. Williamson, Ph.D., F.R.S., Professor of Chemistry in Uni- 
versity College, Lo President of the Chemical Society. 

Vico- Presidents.—Dr. ; L. L. Bell, Mayor of Newcastle; J. P. Gassiot, 
F.RS. ; Dr. Gladstone, F.R.S.; Professor W. A. Miller, F.R.S. ; Dr. T. Richard- 
son. 

Secraarves.— Professor Liveing, M.A, F.C.S.; H. L. Pattinson; J. C. Stevenson, 


SECTION C.— GEOLOGY. 


Pressdent.— Warmgton W. Smyth, M.A., F.R.S., F.G.8., Professor of Mining and 
Mineralogy at the Royal School of Mines, London. 

Vice--Presidents. —F. W. Binney, F.R.S.; Dr. Falconer, F.R.S. ; R. Godwin-Austen, 
F.RS.; J. Beete Jukes, F.R.S.; Professor J billipe, F.R.S. 

Seeretaries.—E. F. Boyd; John Daglish, F.G.S.; H. C. Sorby, F.R.8.; Thomas 
Sopwith, F.R.8. 


SECTION D.—ZOOLOGY AND BOTANY, INCLUDING PHYSIOLOGY. 


.C. n, F.RS. 
Seeretaries.—E. Chariton, M.D.; A. Newton, M.A., F.L.S.; Rev, H. B. Tristram, 
MA, F.LS.; E. Perceval Wright, MD., F.R.C.S.L 


SUB-SECTION D.-——PHYSIOLOGICAL SCIENCE, 


President.—Professor Rolleston, M.D., F.R.8. 
Fico: Presidenie.— John Davy, M.D., F.R.S.; F. W. Pavy, M.D., F.B.8.; Edward 
Seeredtaries.—Dennis Embleton, M.D. ; William Turner, M.B., F.B.S.E. 


SECTION E.—GEOGRAPHY AND ETHNOLOGY. 
Pruident Sir Roderick I Murchison, K.C.B, G.C.St8., D.C.L., F-RS. President 
e Geographical iety, Director-Gen of the i Uurvey. 
Vice Presidente 3 C. Bruce, LL.D, F.S.A.; J. Crawfurd, F.RS.- Francis Gal- 
ton, M.A, F-RS.; Sir John Richardson, MD, FBS. ; General Sebine, Pre- 
sident \. 


ecretaries.—Cilements R. Markham, F.S.A., F.R.G.S.; R. 8. Watson; C. Carter 
Biake, F.G.8.; Hume Greenfield, Asaistant-Secretary R.G.8. 


xxx REPORT—1868. 


SECTION F.——-ECONOMIOC SCIENCE AND STATISTICS. 
President.— William Tite, M.P., F.R.S. 
Vice- Presidents.—Christian usen ; Neilson Hancock, LL.D.; James Heywood, 
F.R.S.; Sir John Ogilvy, Bart., M.P.; Colonel W. H. Sykes, M.P., F.R.S. 
Secretaries,—Frederick Purdy ; Edmund Macrory; Thomas Doubleday ; James 
Potts. 
SECTION G.—MECHANICAL SCIENCE. . 


President.—Rev. Robert Willis, M.A., F.R.8., Jacksonian Professor of Natural and 
Experimental Philosophy in the University of Cambridge. oi, 

Vice-Presidents.—Professor S. Downing; J. G. Appold, F.R.S.; W. Fairbairn, 
F.R.S.; J. Hawkshaw, F.R.S.; J. Scott Russell, F.R.S.; James Nasmyth, 
F.R.S.; R. S. Newall; G. W. Rendel;- Professor James Thomson, M.A.; 
Thomas Webster, F.R.S. 

Secretaries,_P, Le Neve Foster, M.A.; P. Westmacott, C.E.; J. F. Spencer. 


CORRESPONDING MEMBERS. 
Professor Agassiz, Cambridge, Massa- | Dr. A. Kupffer, St. Petersburg. 


chusetts Dr. Lamont, Munich. 
M. Babinet, Parte. Prof. F. Lanza. 
Dr. A. D. Bache, Washington. M. Le Verrier, Paris. 
Dr. D. Bierens de Haan, Amsterdam. Baron von Liebig, Munich. 
Professor Bolzani, Kasan. Professor Loomis, New York. 
Dr. Barth. Professor Gustav Magnus, Berlin. 
Dr. Be a, Utrecht. Professor Matteucci, Pisa. 
Mr. P. G. Bond, Cambridge, U.S. Professor P. Merian, Bale, Switzerland. 
M. Boutigny (d' Evreux). Professor von Middendorff, St. Petersburg. 
Professor Braschmann, Moscow. M. l’Abbé Moigno, Parss. 
Dr. Carus, Lespzg. Professor Nilsson, Stoeden. 
Dr. Ferdinand Cohn, Breslau. Dr. N. Nordenskiold, Finland. 
M. Antoine d’Abbadie. M. E. Peligot, Paris. 
M. De la Rive, Geneva. Prof. B. Pierce, Cambridge, U.&. 
Professor Wilhelm Delffs, Heidelberg. Viscenza Pisani, Florence. 
Professor Dove, Berlin. Gustav Plaar, Strasburg. 
Professor Dumas, Paris. Chevalier Plana, Zurin. 
Dr. J. Milne-Edwards, Paris, Professor Pliicker, Bonn. 
Professor Ehrenberg, Berlin. M. Constant Prévost, Paris. 
Dr. Eisenlohr, Carleruhe. M. Quetelet, Brussels. 
Professor Encke, Berlin. Prof. Retzius, Stockholm. 
Dr. A, Erman, Berkn. Profeseor W. B. Rogers, Boston, U.S. 
Professor A. Escher yon der Linth, | Professor H. Rose, Berka, . 
Lurich, Switzerland. Herman Schlagintweit, Berlin. 
Professor Esmark, Christiania. Robert Schlagintweit, Berlin. 
Professor A. Favre, Geneva. M. Werner Siemens, Vienna. 
Professor G. Forchhammer, Copenhagen. | Dr. Siljestrom, Stockholm. 
M. Léon Foucault, Parts. Professor J. A. de Souza, University of 
Professor E. Fremy, Paris. Coimbra. 
M. Frisiani, Milan. M. Struvd, Padkowa. 
Dr. Geinitz, Dresden. Dr. Svanberg, Stockholn. 
Professor Asa Gray, Cambridge, U.S. M. Pierre Tchihatchef. 
Professor Henry, Washington, U.S. Dr. Van der Hoeven, Leyden. 
Dr. Hochstetter, Vienna. Professor E. Verdet, Paris. 


M. Jacobi, S¥. Petersburg. M. de Verneuil, Paris. 
Prof. Jeasen, Med. et Phil. Dr., Griess- Baron Sartorius von Waltershausen, 


wald, . Gottingen. 
Professor Aug. Kelulé, Ghent, Belgium, | Professor Wartmann, Geneva. 


M. Khanikoff, St. Petersburg. Dr. H. D. Buys Ballot. 

Prof. A. Kolliker, Wurzburg. M. Des Cloizeaux. 

Professor De Koninck, Laége. Professor Adolph Steen, Copenhagen. 
Professor Kreil, Vienna, Dr. Otto Torelt Univeraty of Lund, 


REPORT OF THE KEW COMMITTEE. XXxi 


Report of the Cowncil of the British Association, presented to the 
General Committee, Wednesday, August 26, 1868. 


1. The Report of the Kew Committee has been presented at each 
of the Meetings of the Council, and the General Report for the year 
1862-63 has been received, and is now presented to the General 
Committee. 

2. The Report of the Parliamentary Committee has been received 
for presentation to the General Committee this day. 

3. It will be in the recollection of the General Committee that at 
the Cambridge Meeting, when, Professor Phillips resigned the office of 
Assistant-General Secretary, which he had held from the beginning of 
the Association, he was prevailed upon to join Mr. Hopkins as Joint- 
General Secretary until the present Meeting. The attention of the 
Council was called to this arrangement on the 5th of June last by Pro- 
fessor Phillips, who, in claiming permission to retire from office, recom- 
mended that in filling this office permanently at the Newcastle Meeting, 
regard should be had to the advantage of having one of the General 
Secretaries resident in London. 

On this a Committee was appointed, consisting of the General Se- 
cretaries, and the gentlemen who had formerly filled that office, for the 
purpose of reporting a recommendation to the Council of a successor to 
Professor Phillips. The Council have received the following Report :— 

‘¢ Professor Phillips, F.R.S., having kindly consented, at the re- 
quest of the General Committee of the British Association, to hold, 
in conjunction with Mr. Hopkins, F.R.S8., the office of General Se- 
cretary, and being now desirous of retiring from the office; We, the 

undersigned, having been requested by the Council to suggest a 

suitable successor to Professor Phillips, beg to express our unanimous 

opinion that Mr. Francis Galton, M.A., F.B.S., of Trinity College, 

Cambridge, is well qualified to fill the office of Joint-General Secre- 

tary of the Association. “;W. V. Hancovrr. 
‘“R. I. Murcurson. 
cK. Sasrye. 

‘;W. Hopxrns. 
“J, Pairs.” 


4, The Council have been informed that invitations will be presented 
to the General Committee, at its Meeting on Monday, August 31st, 
from Birmingham, Bath, Nottingham, Dundee, Southampton, and the 
Potteries. 


Report of the Kew Committee of the British Association for the 
Advancement of Science for 1862-1863. 


The Committee of the Kew Observatory submit to the Association the 
following statement of their proceedings during the past year. 

It was mentioned in last Report that the Director of the Lisbon Observa- 
tury had requested the Committee to superintend the construction of a set of 
Self-recording Magnetographs. This request has been complied with by the 
Committee, and a set of Self-recording Magnetographs have been constructed 
by Adie under their direction. These, along with a tabulating instrument by 
Gibeon, have been verified at Kew, where Sefior Capello, of the Lisbon Obser- 
vatory, resided for some time, in order to become familiar with the working of 
his instruments. 
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This verification was completed in December last, and Sefior Capello then 
left England for Lisbon, taking his instruments with him. These arrived 
safely at their destination ; and so rapid was the progress made with the Ob- 
servatory, that on the lst of July the building was finished, and the Magneto- 
graphs in continuous operation. 

Mr. Stewart has lately received from Seitor Capello copies of the tracings 
furnished by these instruments from July 14th to 16th, during which period 
@ magnetic disturbance occurred simultaneously at Lisbon and at Kew. 
These tracings, along with the corresponding Kew curves, are exhibited to 
the Association. 

When the two sets are viewed side by side, features of resemblance become 
manifest, which appear to show that very great advantage to magnetical 
science will ultimately be derived from the intercomparison of such photo- 
graphic traces taken simultaneously at different localities. 

Mr. Stewart has likewise heard from Seftor De Souza, of the University of 
Coimbra, who writes that, after many preliminary difficulties, his Observatory 
is now making rapid progress towards completion. 

Before his departure from this country, Sefior Capello addressed the follow- 
ing letter to the Chairman of the Kew Committee :— 


‘* Kew Observatory, November 28, 1862. 

«‘ My peak Srr,—I should much desire to obtain for the Lisbon Observa- 
tory some memorial of my visit to Kew, where I have received much valuable 
instruction in Magnetism, as well as great kindness from yourself, from 
General Sabine, and from other Members of the Kew Committee. 

“‘ Might I request of you, dear Sir, to endeavour to obtain for me a set of 
the ‘ Transactions of the British Association,’ wherewith to enrich our Library 
at Lisbon ? 

‘¢’'Will you also at the same time kindly permit us to continue sending to 
your Library, as a slight token of our goodwill, the monthly records of our 
Observatory ? 

«I remain, 
‘“* Dear Sir, 
‘Yours sincerely, 


(Signed ) “J.C, Burro Carerro.”” 
“J. P. Gasswt, Esq., F.RS., 


Chairman of the Kew Committee of the 
British Association.” 


The request of this letter has been complied with by the Council of the 
Association, and a complete set of the ‘ Transactions’ have been despatched 
n, 

_ The Committee have likewise been requested to superintend the construe- 
tion of a set of Self-recording Magnetographs for Prof. Kupffer, of the 
St. Petersburg Central Observatory. These were constructed as before, the 
Magnetographs by Adie, and the tabulating instrument by Gibson; and, 
after having been verified at Kew, they were despatched to St. Petersburg. 

Prof. Kupffer desired also a Differential Vertical-force Magnetometer for 
Pekin, which has likewise been constructed by Adie, and verified at Kew; it 
remains in readiness to be forwarded by the first suitable opportunity to its 
destination. 

In addition to these instruments, Prof. Kupffer is obtaining from Adie a 
Barograph and « Self-registering Anemometer, both of the Kew pattern, 
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Prof. Kupffer proposes visiting Kew in October, for the purpose of acquaint- 
ing himself with the mode of working the instruments adopted there. 

It was mentioned in last Report that Lieut. Rokeby, of the Royal Marines, 
was desirous of making magnetical and meteorological observations in the 
Island of Ascension during his term of service at that station, and that the 
Board of Trade had sanctioned the expenditure of £60 to provide a suitable 
Observatory. 

Lieut. Rokeby has since been zealously engaged with his observations, and 
has already transmitted the records to General Sabine. 

In order to complete his meteorological equipment, a Self-recording 
Anemometer was necessary, and one of these on the Kew pattern has been 
constructed by Adie, and forwarded to Ascension, for the cost of which 
application has been made to the Government Grant Committee of the Royal 
Society. 

lt ay be allowed to use this opportunity of stating, that already no fewer 
than nine Self-recording Anemometers on Beckley’s or the Kew pattern 
have been made for different Observatorics. 

The Observatory of the M°Gill College at Montreal has been completed, 
and Dr. Smallwood writes that the absolute determination of the three mag- 
netic elements and hourly observations of the Declinometer were to have 
been commenced there in July last. 

The usual monthly absolute determinations of the magnetic elements 
continue to be made at Kew, and the Self-recording Magnetographs are 
in constant operation as heretofore, under the zealous superintendence of 
Mr. Chambers, the Magnetical Assistant. 

Advantage has been taken of these automatic records of the earth’s mag- 
netism by the Committee engaged in the preparation of electrical standards, 
who have found it desirable for some of their experiments to ascertain the 
contemporaneous readings of the Declination Magnetograph. 

The extensive use of iron in the construction of modern ships has rendered 
a careful determination of its effect upon ships’ compasses essentially re- 
quisite to safe navigation. A demand has consequently arisen for the aid of 
persons who have made the subject one of special study, in order to make the 
observations that are most desirable, and to supply the required information, 
the process generally adopted being to swing the vessel round with her head 
towards the different points of the compass in succession. The needs of the 
Royal Navy in this respect are amply provided for; but hitherto Govern- 
ment has taken no steps towards extending the system adopted in that de- 
partment to ships of the Mercantile Marine. On this account the Committee 
have much pleasure in reporting that Mr. Chambers has practically taken up 
the subject, and has obtained from the Director of the Observatory occasional 
leave of absence, when this shall be necessary, to enable him to attend at 
the swinging of ships. In this work his long experience of accurate and 
varied magnetic observations at Kew, and his familiar acquaintance with the 
“ theory of deviations of the compass,” must prove to be of great value; and 
the Committee desire to record their opinion that in thus affording to the 
observers at Kew an excellent training, which is capable of most useful appli- 
cation in the public service, the maintenance of the Observatory is shown to 
be attended with indirect advantages scarcely less important than the valuable 
results of observations which it is the more immediate province of the Obser- 
vatory to secure. 

Major-General Sabine, President of the Royal Society, has communicated to 
ta @ paper on the “ Results of the Magnetic Observations at the Kew 

1865. c 
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Observatory, from 1857 to 1862 inclusive.” In this communication the fol- 
lowing subjects are discussed :— 

1. The disturbance-diurnal variation of the declination. 

2. The solar-diurnal variation of the declination. 

3. The semiannual inequality of the eolar-diurnal variation of the dech- 
nation. 

4. The lunar-diurnal variation of the declination. 

5. ane secular change, and the annual variation of the declination, dip, and 
total force. 

The values of these changes at Kew are compared with those at the dif- 
ferent Colonial Magnetic Observatories, and results of much interest and im- 
portance are obtained. 

A copy of this paper will be sent to each Member of the Committee 
of Recommendations of the Association as soon as it is out of the printer’s 
hands. 

At the request of the Astronomer Royal, the Kew curves of declination and 
horizontal force for 14th December last (a time of disturbance) were for- 
warded to Greenwich, in order that Mr. Airy might compare them with the 
records of earth-currents obtained there at the same date. 

In return Mr. Airy kindly sent copies of these latter records to Kew, and 
a comparison of these with the indications afforded by the Kew Magneto- 
graphs forms the subject of a short communication by Mr. Stewart, which is 
published in the Proceedings of the Royal Society. 

Mr. Stewart has likewise communicated to the Royal Society of Edinburgh 
a paper on “Earth Currents during Magnetic Calms, and their Connexion 
with Magnetic Changes,”’ which is about to be published in the Transactions 
of that body. He has likewise communicated to the Royal Society of London 
an account of some experiments made at Kew, in order to determine the 
increase between 32° Fahr. and 212° Fahr. of the elasticity of dry atmospheric 
air, the volume of which remains constant, and also to determine the freez- 
ing-point of mercury. 

This communication will be published in the Transactions of the Royal 
Society. The experiments were made by means of an air-thermometer, in 
the construction of which great assistance was derived from Mr. Beckley, 
Mechanical Assistant, while Mr. George Whipple, Meteorological Assistant, 
was of much use in observing. 

Mr. Chambers has communicated to the Royal Society a paper ‘‘ On the 
Nature of the Sun’s Magnetic Action upon the Earth,” in which it is argued 
that, in causing the daily variation, the sun does not act as a magnet. 

The Meteorological work of the Observatory continues to be performed 
satisfactorily by Mr. George Whipple, and all the Staff interest themselves 
much in the business of the Observatory. 

During the past year 

130 Barometers, 
296 Thermometers, and 
22 Hydrometers 


have been verified; and Mr. Kemp, philosophical instrament maker, Edin- 
burgh, has been furnished with a standard Thermometer. 

The self-recording Barograph has been in constant operation since 8th 
November last. A suggestion by Mr. Beckley to put two papers at the same 
time upon the cylinder, the one under the other, has proved successful; and 
two traces have thus been secured, one of which has been regularly 
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to Admiral FiteRoy, at his request, while the other has been retained at the 


On 30th December, the Superintendent received the following letter from 
Admiral FitzRoy :— 

“ Meteorological Department, 2 Parliament Street, London, 
30th December, 1862. 

~Sm,—I have the honour of addressing the Kew Committee of the British 
Awociation, through yourself, as Superintendent at their Magnetic and 
Meteorologic Observatory, to request, on behalf of the Board of Trade, that 
ee meteorologic communications may be again made to this Office, as for- 
werly. 

~ Having extended our operations, and therefore incurred greater responsi- 
hty, it is considered advisable to acquire, if possible, the best strengthening 
sappert available. 

*- On aceount of economical reasons solely, as you are aware, the Board of 
Trade asked for discontinuance of those Kew telegrams (which were then re- 
x ived as regularly as satisfactorily); but now, being able to add their expense 
.wmparatively small) to the current charges of this Office, it is my pleasing 
cuty to make this application. 

~The Kew Observatory is 80 well situated for Meteorologic purposes, be- 
cause separated from all local causes of error—neither on a hill nor in a 
valley, surrounded by grass land, on a level only about 35 feet above the 
sea, and to windward of our extensive Metropolis during the greater part of 
che year—that a better locality for reference and intercomparison need not 
te desired. 

~ It is sufficiently far from London to be uninfiuenced by its heated air, 
cnoke, or other peculiarities of atmosphere (inseparable from such an area of 
ives, population, and altered radiation), while it is within an easy railway 
wip 


- Bat while such are the well-known exterior recommendations of the 
Kew Observatory for its specialities of Magnetism and Meteorology, there are 
sterling advantages obtainable within its walls not to be found elsewhere. 
: careful, exact, and truly-principled observations (inseparably 

sanected with the names of Ronalds and Welsh) gave character and initiated 
weceedings of which results are now patent—not only in improvements of 
aany kinds, affecting instruments and methods, but in general instruction. 

“ Nowhere else is there a Cathetometer by which barometric instruments 
em be perfectly verified. Other methods used elsewhere are inferior as to 
mage, principle, and practice. To that instrument much more is due than 
mx be yet generally recognized. 

~ Persons aware of these facts are naturally desirous that Kew should have 
1 plaee in the reports now published daily in most of the newspapers, and 
a the Board of Trade will defray such small contingent expenses as may be 
r-ynumte, I am led to believe that the Kew Committee will consent to the 
wcemsary steps, through your obliging attention. 

~ With this letter is a copy of the arrangements existing now, which are 
venewhat altered from those already known to yourself. 

“It may be convenient to permit morning observations to be made, soon 
ther eight, by a resident at the Observatory, and to employ a special mes- 

eager to carry them to the Telegraph Office, in order that we may receive 
then here early. The contingent charge would be borne by this Office. 

“ Lists of the places with which we now communicate, and forms for our 
dily Weather Reports, are enclosed—all which may help to show what im- 
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portance should be attached to the cooperation and prestige of the Kew Obeer- 
vatory. 
) ‘¢ I have the honour to be, 
“¢ Sir, 
‘Your obedient Servant, 
(Signed) ‘“‘ Rospr. FrrzRoy.” 
‘« Balfour Stewart, Esq., F.RS., 
‘¢ Superintending Kew Observatory.” 


In compliance with the request of this letter, telegrams were regularly 
furnished up to the end of May ; but at that date the Superintendent received 
another letter from the Admiral, thanking the Observatory for the regularity 
and accuracy of its telegrams, but mentioning that, in consequence of two 
additional Foreign Stations being added to his list, there would not be space 
available for Kew, which really gave nearly the same indications as London. 
In consequence of this, telegrams were discontinued after the end of May. 

The self-recording Electrometer of Prof. W. Thomson continues in con- 
stant operation. 

The arrangements at the Observatory for testing Sextants remain a8 
before without alteration, but it has been thought advisable to reduce the 
verification-fee from 5s. to 2s, 6d. for ordinary instruments, leaving that for 
an extremely accurate verification of a superior instrument the same as 
before. 

Eleven sextants and one altitude and azimuth instrument have been veri- 
fied at Kew since the last Meeting of the British Association. 

The Chairman has procured a Spectroscope affording very great angular 
separation, which remains at Kew, and he has also ordered a Heliostat from 
Paris ; by those means it is hoped that the minutie of the solar spectrum may 
soon be capable of being examined with great facility. 

The svlar spots are now regularly observed at Kew, after the method of 
Dr. Schwabe, of Dessau, who has been communicated with, and will be 
written to from time to time, in order to ensure that both observers pursue 
exactly the same method of observation. 

It will be remembered that in the Report of the Committee at the Cam- 
bridge Meeting, it was stated that Mr. De la Rue had taken 177 photographs 
of the sun, and that the number of available days from February 7 to 
September 12, 1862, was 124. The Kew Heliograph was worked at Cranford 
up to February 7, 1863, and photographs were procured on 42 other days 
between Sept. 12, 1862, and February 7, 1863, making 166 working days 12 
the whole year. The series of negatives are now in course of measurement 
and reduction by Dr. Von Bose; the micrometer employed is the same as that 
constructed for and used in the measurements of the eclipse-pictures obtained 
in Spain in 1860, a detailed description of which instrument is given in Mr. 
De la Rue’s paper in the Phil. Trans. vol. clii. pp. 373 to 380. 

Of the 1862-1863 series, the measurements are finished up to the end of 
June, and the reductions to the end of April 1862 ; both will be completed at 
the end of this year. 

In February of the present year the Heliograph was removed from Cranford 
to tho Kew Observatory, and erected again in the dome. A new and com- 
modious photographic-room has been built on the roof of the Observatory, 
close to the dome, and has been fitted up with the requirements necessary for 
the successful prosecution of astronomical photography. The expense of this 
room has been defrayed out of the sum of £100 granted for that object at the 
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Cambridge Meeting. The actual sum expended up to the present time 
amounts to £89, leaving a balance of £11, which will cover the outlay for a 
few pieces of apparatus which are still required. 

Between February 7 and May of the present year pictures of the sun were 
occasionally procured at Kew; but the Heliograph could not be fairly got to 
_ work until the completion of the photographic-room and the final adjust- 

ment of the instrument itself. From the lst of May to the present time the 
Heliograph has been continuously worked by a qualified Assistant, under the 
immediate supervision of Mr. Beckley. Two photographs are taken on every 
working day, one to the east, and the other to the west of the meridian, when 
atmospheric conditions permit of this being done. From May Ist to August 
14th inclusive, there have been fifty-four working days. Four positive copies 
are made regularly from each negative, one of which it is proposed to retain 
at Kew, and it is in contemplation to distribute the others. 

Mr. Stewart, after an inspection of all the sun-pictures obtained by the 
Kew Heliograph, is inclined to think that the behaviour of solar spots with 
respect to increase and diminution has reference to ecliptical longitudes, and 
is possibly connected with the position of the nearer planets ; but it will re- 
quire a longer series of pictures to determine this, than that which has yet 
been obtained. 

The Heliograph constructed by Mr. Dallmeyer for Wilna, under Mr. De la 
Rue’s superintendence, has been completed, and will be shortly sent to Russia, 
together with a micrometer and protractor constructed by Messrs. Troughton 
and Simms, which will be employed in the measurement and reduction of the 
sun-pictures. 

Of the £150 granted by the Association in 1861 for the purpose of 
obtaining a series of photographic pictures of the solar surface, a sum of 
£137 3s. has been expended from February 1862 to February 1863, and the 
balance, £12 17s., has been returned to the Association. 

In 1860 a sum of £90 was voted for an additional Photographic Assistant, 
of which £50 was received and expended in that year. The balance, £40, 
was again granted in 1861, out of which £20 2s. 10d. have been expended. 

The working of the Kew Photoheliograph during the year, commencing 
in February 1863, will be defrayed out of a grant placed in the hands of 
Mr. De la Rue by the Royal Society for that purpose. 

It will be seen from the Statement appended to this Report, that the expen- 
diture of the Observatory has exceeded its income by £7 8¢. 6d.; but there 
is £30 to be received from the Russian Government for the verification of 
instruments. The Committee recommend that a sum of £600 should be 
granted for the expenditure of the current year. 


Kew Observatory, Joun P. Gassiort, 
14 August, 1868. Chairman. 


Report of the Parliamentary Committee, to the Meeting of the British: 
; Association, at Newcastle-on-Tyne, in August, 1863. 

The Parliamentary Committee have the honour to report as follows :— 

«The Earls of Rosse and De Grey, Lord Stanley, and Sir Joseph Paxton 
have vacated their seats; but your Committee recommend that Lords Rosse 
and Stanley be re-elected. 

«Your Committee also recommend that two of the vacancies be supplied 
by the election of Lord Houghton and Mr. N. Kendall. 


RECOMMENDATIONS OF THE GENERAL COMMITTEE. XXXix 


« 4 Committee of the House of Commons having reported in favour of the 
of the Metrical System of Weights and Measures, and it being un- 
derstood that a Bill to carry into effect such recommendation will be intro- 
duced in the ensuing Session of Parliament, your Committee venture to 
suggest that the expediency of such a measure might be discussed at the 
exsuing Meeting. 
“ No subject has been referred to your Committee since the last Meeting 
at Cambridge.”’ 
Wrorrestgy, Chairman. 


34 Angust 1863. 


RecomMENDATIONS ADOPTED BY THE GENERAL CoMMITTER AT THE NEWOASTLE- 
CPON-TyNE Mererine Ix Avcust ann Serrember 1863. 


(When Committees are appointed, the Member first named is regarded as the Secretary, 
except there is a specific nomination. ] 


Involving Grants of Money. 


That the sum of £600 be placed at the disposal of the Council for main- 
taining the Establishment of the Kew Observatory. 

That the Committee on Luminous Meteors and Aérolites, consisting of 
My. Gisisher, Mr. R. P. Greg, Mr. E. W. Brayley, and Mr. Alexander Her- 
schel, be reappointed ; and that the sum of £20 be placed at their disposal 
for the purpose. 

That the Committee on the Connexion of Vertical Movements of the 

with Storms, consisting of Professor Hennessy, Admiral FitzRoy, 
and Mr. Glaisher, be reappointed ; and that the sum of £30 be placed at 
their disposal for the purpose. 

That Mr. G. J. Symons be requested to report on the Rain-fall of the 
British Isles during the years 1862 and 1863; and that the sum of £20 be 
placed at his disposal for the purpose of constructing and transmitting Rain- 
guages to districts where observations are not at present made. The Gauges 
to be sent within the British Isles, and the loan to be cancelled should the 
observations not be aatisfactorily made. 

That the Committee on Electrical Standards, consisting of Professor 
Wilktamson, Professor Wheatstone, Professor W. Thomson, Professor Miller, 
Dr. A. Matthiessen, Mr. Fleeming Jenkin, Dr. Esselbach, Sir C. Bright, 
Professor Maxwell, Mr. C. W. Siemens, and Mr. Balfour Stewart, be re- 

i with the addition of Dr. Joulé and Mr. C. F. Varley; and that the 
mam of £100 be placed at their disposal for the purpose; and that the co- 
eperation of the Royal Society be requested in the construction of Standard 
Exectrical Instraments 

That Mr. Griffith and Dr. Akin be a Committee for the purpose of execu- 
tng the experiments suggested by Dr. Akin in his paper on the Trans- 
of Bpectra! Rays; and that the sum of £45 be placed at their 
Sapa! for the purpose. 

That the Balloon Committee, consisting of Colonel Sykes, Professor Airy, 
Leed Wrottesley, Sir David Brewster, Sir J. Herschel, Dr. Lloyd, Admiral 
Fagot Dr. Lee, Dr. Robinson, Mr, Gassiot, Mr. Glaisher, Dr. Tyndall, . 

yurbairn, and Dr. | W. A. Miller, be reappointed ; and that the sum of 


be placed at their disposal for the following purposes :—lst, To ex- 
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amine the Electrical Condition of the Atmosphere at different heights. 2nd. 
To verify the law of decrease of temperature obtained by Mr. Glaisher, and 
to compare the constants obtained in different states of the Atmosphere. 

That Dr. Matthiessen be requested to investigate the Chemical Consti- 
tution of Cast Iron; and that the sum of £20 be placed at his disposal for 
the purpose. 

That Dr. Dupré be requested ¢o continue his Researches on the Action of 
Reagents on Carbon under pressure; and that the sum of £10 be placed at 
his disposal for the purpose. 

That Mr. Alphonse Gages be requested to continue his examinations of tho 
Mechanical Structure of Rocks and Artificial Formation of Minerals; and 
that the sum of £10 be placed at his disposal for the purpose. 

That Professor Huxley and Sir P. Egerton be a Committee for the pur- 
poso of enabling Mr. Molyneux to continue his Researches into the Fossil 
Contenta of North Staffordshire; and that the sum of £20 be placed at their 
disposal for the purpose. 

That Sir W. Armstrong, Professor Phillips, Professor Warington Smyth, and 
Professor Pole be a Committee for the purpose of inquiring into the probable 
duration of those seams of coal upon which the prosperity of the country 
depends; and that the sum of £100 be placed at their disposal for the 


purpose. , 

That Professor Huxley and the Rev. Mr. Macbride be a Committee for the 
purpose of conducting Experiments on the Artifical Fecundation of the 
Herring ; and that thesum of £10 be placed at their disposal for the purpose. 

That Dr. Carpenter, Professor Huxley, and Professor T. Rupert Jones, 
assisted by Mr. Parker, be a Committee for the purpose of constructing a 
Series of Models showing the External and Internal Structure of the Fora- 
minifera ; and that the sum of £25 be placed at their disposal for the pur- 


pose. 

That Sir W. Jardine, Mr. A. R. Wallace, Dr. J. E. Gray, Professor 
C. C. Babington, Dr. Francis, Dr. P. L. Sclater, Mr. C. Spence Bate, Mr. 
P. P. Carpenter, Dr. J. D. Hooker, Professor Balfour, Mr. H. T. Stainton, 
Mr. J. Gywn Jeffreys, Mr. A Newton, Professor T. H. Huxley, Professor 
Allman, and Mr. Bentham, with power to add to their number, be a Com- 
mittee to report on the changes which they may consider it desirable to 
make, if any, in the Rules of Nomenclature drawn up at the instance of the 
British Association in 1843 by Mr. Strickland and others, with power to 
reprint these Rules, and to correspond with Foreign naturalists and others, 
on the best means of ensuring their general adoption ; and that the sum of 
£15 be placed at their disposal for the purpose. 

That Dr. B. W. Richardson, Dr. George Rolleston, and Dr. George Gibb 
be a Committee for the purpose of investigating the Physiological Action of 
Nitrite of Amyle; and that the sum of £10 be placed at their disposal for 
the purpose. 

That Dr. Allman be requested to complete his Report on the Hydroida, 
and that Dr. Allman and Dr. E. Perceval Wright be a Committee for that 
purpose; and that the sum of £10 be placed at their disposal for that purpose. 

That Mr. J. Gywn Jeffreys, Mr. Joshua Alder, Mr. H. T. Mennell, Mr. J. 
S. Brady, and Mr. Albany Hancock be a Committee for the purpose of ex- 
ploring the coasts of Durham and Northumberland by means of the Dredge ; 
and that the sum of £25 be placed at their disposal for the purpose. 

That Mr. J. Gwyn Jeffreys, Rev. A. M. Norman, Professor Allman, Rev. 
Thomas Hincks, and Mr. J. Leckenby be a Committee for the purpose of 
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dredging the coasts of Shetland by means of the Dredge; and that the sum 
of £75 be placed at their disposal for the purpose. 

That Mr. J. Gwyn Jeffreys, Mr. Robert McAndrew, Mr. G. C. Hyndman, 
Professor Allman, Dr. Collingwood, Dr. Edwards, Professor Greene, Rev. 
Thomas Hincks, Mr. R. D. Darbishire, Mr. C. Spence Bate, Rev. A. M. 
Norman, and Dr. E. Perceval Wright be reappointed as a General Dredgi 
Committee; and that the sum of £10 be placed at their disposal for the 


purpose. 

That Mr. John Crawfurd, Mr. John Lubbock, Professor Huxley, and Mr. 
Francis Galton as Secretary, be 2 Committee for the purpose of aiding the 
Researches of Mr. George Busk on Typical Crania; and that the sum of £50 
be placed at their disposal for the purpose. 

That Professor Rankine, Mr. James R. Napier, and Mr. Scott Russell be a 
Committee for the purpose of experimenting on the difference between the 
resistance of floating bodies moving along the surface of the water and similar 
bodies moving under water; and that the sum of £100 be placed at their 
disposal for the purpose. 

That the Committee on Steamship Performance, consisting of the Duke of 
Sutherland, The Earl of Gifford, The Earl of Caithness, Lord Dufferin, Mr. 
W. Fairbairn, Mr. J. Scott Russell, Admiral Paris, The Hon. Captain Egerton, 
R.N., The Hon. L. A. Ellis, Mr. J. E. M‘Connell, Mr. W. Smith, Professor 
J. Macquorn Rankine, Mr. James Napier, Mr. Richard Roberts, Mr. Henry 
Wright to be Honorary Secretary, be reappointed, and requested to continue 
their labours and report in a more condensed form than heretofore the returns 
of Steamship Performance received by them; and that the sum of £60 be 
placed at their disposal for the purpose. 

That the Committee for Tidal Observations in the Humber, consisting of 
Mr. J. Oldham, Mr. J. F. Bateman, Mr. J. Scott Russell, and Mr. Thomson, 
be reappointed ; and that the grant of £50 made last year and not drawn be 
renewed. 

That the Joint Committee on Gun-Cotton, consisting of Mr. W. Fairbairn, 
Mr. Joseph Whitworth, Mr. James Nasmyth, Mr. J. Scott Russell, Mr. John 
Anderson, Sir W. Armstrong, Dr. Gladstone, Professor W. A. Miller, and 
Dr. Frankland, be reappointed, with the addition of Mr. Abel; and that tho 
sam of £50 be placed at their disposal for the purpose. 

That in consideration of the long and valuable services of the late Mr. 
W. Askham, and the insufficient provision made for his family, the sum of 
£50 be presented to his widow. 


Applications for Reports and Researches not involving Grants of 
Money. 

That Mr. Fleeming J enkin be requested to continue his Report on Thermo- 
Electrical Phenomena. 

That the Committee on Fog Signals, consisting of Dr. Robinson, Professor 
Wheatstone, Dr. Gladstone, and Professor Hennessy, be reappointed and 
requested to continue their labours. 

That Professor Foster be requested to continue his Report on Organic 


Chemistry. 

That Dr. J. E. Gray, Dr. Sclater, Mr. A. Newton, and Mr. A. R. Wallace 
be a Committee for the purpose of investigating the subject of the Geogra- 
phical Distribution of Domestic Animals. 
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That Mr. S. Gregson, M.P., Dr. Neilson Hancock, Mr. James Heywood, 
Mr. W. Tite, M.P., Mr. Thomas Wilson, and Mr. F. Purdy as Secretary (with 
power to add to their number), be a Committee for the purpose of considering 
and reporting on the subject of Agricultural Statistics. 

That Mr. Francis Galton be requested to report on Systems of Weights 
and Measures, other than purely decimal, suitable for general adoption. 

That Professor Rankine, Sir William Armstrong, Lord Wrottesley, Su 
John Herschel, The Astronomer Royal, General Sabine, Dr. Lee, The Rev. 
Dr. Robinson, Mr. W. Tite, M.P., Colonel Sykes, M.P., Sir John Hay, Bart., 
M.P., the Right Hon. C. B. Adderley, M.P., Mr. W. Ewart, M.P., Mr. James 
Heywood, Professor Williamson, Professor Miller, and Mr. F. Purdy, as 
Secretary (with power to add to their number), be a Committee to prepare 
a Report on the best means of providing for a Uniformity of Weights and 
Measures with reference to the interests of Science. 

That the Committee on Scientific Evidence in Courts of Law, consisting 
of the Rev. W. Vernon Harcourt, Right Hon. Joseph Napier, Mr. W. Tite, 
M.P., Professor Christison, Mr. J. Heywood, Mr. J. E. Bateman, Mr. T. 
Webster (with power ;to add to their number), be reappointed, and that Dr. 
Miller, Professor Williamson, and Sir B. C. Brodie, Bart. be added to the 

mmittee. 


Involving Applications to Governments. 


That the President of the British Association be requested to transmit the 
thanks of the Association to the English and Austrian Governments for the 
facilities they have afforded for the investigation into the properties and 
applications of Gun-Cotton contained in the Report of the Committee. 

That it appears from the Report presented at this Meeting by the Joint 
Committees of the Chemical and Mechanical Sections, and by the discussions 
which have followed its presentation, that the subject of Gun-cotton is possibly 
one of very great public interest and importance, and that whilst the General 
Committee have taken measures to continue on their own account the 
inquiries which have been prosecuted in the last year, they are sensible that 
the British Association does not possess means for its adequate examination ; 
they are desirous therefore of drawing the attention of Her Majesty’s Govern- 
ment to the importance of a full and searching inquiry, conducted by a Royal 
Commission, into the various practical applications connected with the public 
service for which this material may be suitable, and that with this view the 
Assistant-General Secretary be requested to cause the Report, with its 
accompanying documents, to be printed with as little delay as possible, and 
copies presented (accompanied by the Resolution) to the Right Honourable the 
Secretary of State for War by a deputation consisting of the President and 
Officers of the Association, accompanied by the Presidents of the Chemical 
and Mechanical Sections. 


Communications to be printed entire among the Reports. 


That the General and Assistant-General Secretaries ascertain, in reference 
to the papers which have been provisonally passed for printing in exrtenso, the 
probable extent of the printing involved, and the probable extra cost in tables, 
diagrams and plates, and the suitability of the paper in other respects, before 
ordering the printing of them ; the Secretaries being authorized to obtain any 
assistance from the Presidents of Sections or other competent persons. 
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That an Account of the Newcastle-on-Tyne Time-gun, by Professor Piazzi 
Smyth, be printed entire among the Reports. 

That the Report on the Metallurgy of the District, by Messrs. Bell, 
Richardson, Sopwith, and Spencer, be printed tn extenso in the Proceedings of 
the Association. 

That the Report on the Chemical Manufactures of the Northern District, by 
Mesers. J. C. Stevenson, R. C. Clapham, and T. Richardson, be printed in 
extenso in the Transactions of the Association. 

That the Paper by Messrs. Daglish and Foster, on the Magnesian Lime- 
stone of the County of Durham, be printed in full in the Report. 

That Mr. Palmer’s Paper on Iron Ship-building on the Tyne and the 
neighbouring districts be printed in full in the Transactions. 

That Dr. Allman’s Report on Hydroida be published tn extenso, with illus- 
trations, in the Proceedings. 

That an abstract by Dr. Edward Smith of the Report by Civil Medical 
Officers on the nature, growth, and mode of preparation of the various alimen- 
tary articles consumed as food by the industrial and labouring population in 
the several districts of Bengal, be printed entire among the Reports. 

That Mr. C, W. Siemens’s Paper on the Electrification of Gutta Percha be 
pninted in extenso. 

_ That Dr. Akin’s Paper on the Transmutation of Spectral Rays be printed 
in extenso. 

That Professor Airy’s Paper on Steam-Boiler Explosions be printed in 
full in the Transactions. ; 
be tt the Address of Sir Roderick Murchison, the President of Section E, 

printed. 

That the Address of Professor Williamson, President of Section B, be 
printed in eartenso. 


Synopsis of Grants of Money appropriated to Scientific Purposes by 
the General Committee at the Newcastle Meeting in August and Sep- 
tember 1863, with the name of the Member who alone, or as the 
First of a Committee, is entitled to draw the Money. 


Kew Observatory. ‘ 7 

8. d. 

Maintaining the Establishment of Kew Observatory ........ 600 0 0 

Mathematics and Physics. 

Glaisher, Mr.—Metoord.. 10.0... cece cece een c rene enene ' 20 0 0 
Hennessy, Prof.—Vertical Atmospheric Movements......... 30 0 0 
Symons, Mr.—Rainfall in 1862-63 ..........-. cece cence 20 0 0 
Williamson, Prof.— Electrical Standards .............ee+0- 100 0 0 
Grifith, Mr.—Transmutation of Spectral Rays ...........-. 45 0 0 
Sykes, Col.—Balloon Asconts ........ cc ceeeeeseteeeeeee 200 0 0 
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xliv 
Chemistry. 
£ 
Matthiessen 9 Dr .— Cast Iron eoetevrereeaeveneeo eevee naee ee 20 
Dupré, M.—Carbon under pressure ..........00eceeereeee 10 
Gages, Mr.—Mechanical Structure of Rocks .............. 10 
Geology. 
Huxley, Prof.—Fossil Contents of the Staffordshire Coal Field. 20 
Armstrong, Sir W.—Quantity of Coal .............02000 ee 100 
Zoology and Botany. 
Huxley, Prof.—Herrings .......... 0. cece ec cece cece neee 10 
Carpenter, Dr.—Foraminifera ............: 0. cece cece cece 25 
Jardine, Sir W.—Nomenclature ............0- cece eeeees 15 
Richardson, Dr.—Nitrite of Amyle ...........-. cece eee 10 
Allman, Prof.—Hydroida .... 2... 0... cc cece eee eee eee 10 
Jeffreys, Mr.—Dredging (coast of Durham and Northumberland) 25 
Jeffreys, Mr.—Dredging (Shetland) .................0000: 75 
Jeffreys, Mr.—General Dredging Committee .............. 10 
Geography and Ethnology. 
Crawfurd, Mr. J.—Cramia ...... ccc cee eee ee eee eens 50 
Mechanics. 
Rankine, Prof.— Resistance of Moving Bodies.............. 100 
Sutherland, Duke of.—Steamships ............0ceeeeeeee 60 
Oldham, Mr.—Tidal Observations..............0cceeeeees 50 
Fairbairn, Mr. W.—Gun-Cotton ........ cc ccc cece eee eeene 50 
1665 
Askham, Mr... ... ccc cece cece cece eee cece een cenceees 50 
Total...... 1716 
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General Statement of Sums which have been paid on Account of Grants 
for Scientific Purposes. 


£ 2 a. 
1834, 

Tide Diwrmastoms ..nicccccconseseee 20 0 0 
1835. 

Tide Discwasioms ......ccc.cccceeee 62 0 0 


Britmh Fossil Ichthyology ...... 105 0 0 
£167 0 0 

1836. 
Yade Diseussions ............. vecee 163 0 O 
Brieish Fossil Iehthyology ...... 105 0 0 
Teermometric Observations, &. 50 0 0 

Experiments on long-continued 

Hear ...... we cccncccccecessese eoeee 17° «21 ~=«20 
Ras Gavges..... Seedevvnseeoves esneoe 9 13 0 
Refraction Experiments ........ »- 15:0 ~«0 
Laser Notation............ ssceesnee 60 0 O 
Thermesneters COGe ce cccsessdecesces 15 6 Q 
£434 14 0 

1837. 
Tide Disewmasions .........cccccosee 284 1 0 
Caemical Constants .........cccooe 2413 6 
Lamar Natation........... evceccece - 20 0 0 
Otusrvatiens on Waves............ 100 12 0 
Tides at Bristol ..........cccccsecss - 150 0 0 

Memerelogy and Subterranean 

Temaperature ......ccccs. cososere. 89 5 O 
Vienfcation Experiments ...... 150 0 0 
Beart Experiments ....... ccosese «68 4 COG 
Bucmetric Observations . eeececes - 30 0 0 
Baseumeters ...ccccccseccnscceccsoee 11:18 6 
£918 14 6 

1838, 

Tide Disenestoms ........cccccoonse 29 0 0 
Britian Fossil Fishes ....... seeee 100 0 0 
ical Observations and 

Anemometer (construction)... 100 0 0 
Cast Iron ( of) ..... eoee 60 0 O 
Animal aad ceettanle Sa Substances 

(Preservation of) ............... 19 1 10 
Ruiway Constants ............... 41 12 10 
Bristnl Tides SOCK Ses eeSOForcaceeteeeee 50 0 0 
Growth of Plants PITTI Ttirriii try 75 0 0 
Med ip Rivers SOCeCeeBOsSoessSooasce 3 6 6 
Eijecation Committee eececsoocses 50 0 0 
Heart Experiments .....0.....0.. 5 3 0 

Land and Sea Level ....... coscseee 264 8 7 
Sabterramean Temperature ...... 8 6 0 
Scepm-weasels.....ccccccccsocccccecce 100 0 0 
Meteorelogical Committee ...... 31 9 5 
Thermometers OSS OOG COS OSS HOE HOECOESD 16 4 0 
£956 12 2 

SN 

1839. 

Pesuil Ichthyology...........2cesees 110 0 90 

a Observations at 

FMOUH ..cocccoccccccccccsese, 63 10 0 
Mechanian of Waves ecoosesseccs 144 2 0 
Bristal Tides 1BES cccoce seccecccstensecoes 85 18 6 


& 2 a 

Meteorology and Subterranean 
Temperature ......ccccscccoscesee 21 11 0 
Vitrification Experiments....... - 9 4 7 
Cast Iron Experiments........... 100 0 0 
Railway Constants ............... 28 7 2 
Land and Sea Level..........00... 274 1 4 
Steam-vessels’ Engines......---... 100 0 0 
Stars in Histoire Céleste ......... 331 18 6 
Stars in Lacaille ....... eeacccvecse 11 0 0 
Stars in R.A.S. Catalogue...... -- G16 6 
Animal Secretions.......0....00es ~ 1010 0 
Steam-engines in Cornwall ...... 50 0 0 
Atmospheric Air ....cccsccseooeeee 16 1 0 
Cast and Wrought Iron............ 40 0 0 
Heat on Organic Bodies ......... 3 0 0 
Gases on Solar Spectrum ......... 22 0 90 

Hourly Meteorological Observa- 
tions, Inverness and Kingussie 49 7 8&8 
Fossil Reptiles ........ccsecessssoce 118 2 9 
Mining Statistics .........00.....5 50 0 0 
£1595 11 0 
Sele 

1840. 

Bristol Tides COvvecccsescceccereteace 100 0 O 
Subterranean Temperature ...... 13 18 6 
Heart Experiments ....00.....0... 18 19 0 
Lungs Experiments ......e0..000- 8 13 0 
Tide Discussions .......sccccsesose 50 0 0 
Land and Sea Level ........e0000. 6 11 1 
Stars (Histoire Céleste) ......... 242 10 0 
Stars (Lacaille) ....0-...ccsscccoee 415 0 
Stars (Catalogue) .........seeee00-. 264 0 0 
Atmospheric Air .......scccosseee 15 15 0 
Water on Iron .......ccccsssvsecese 10 0 0 
Heat on Organic Bodies ......... 7 0 0 
Meteorological Obeervations...... 5217 6 
Foreign Scientific Memoirs ...... 112 1 6 
Working Population ..........00... 100 0 0 
School Statistics...,..cccccssccsceccee 50 8 O 
Forms of Vessels .,...ccccccevesese 184 7 0 

Chemical and Electrical Pheno- 
MeEna ...0. cccccccvccsesonsscccsccene 40 OF 0 

Meteorological Observations at 
Piymouth cvctoerscsccecsccsecceee 80 0 O 
Magnetical Observations ......... 185 13 9 
$1546 16 4 
Saas 

1841. 

Observations on Waves............ 30 0 0 

Meteorology and Subterranean 
Temperature .....:ccccccoscsorree 8 8B O 
Actinometers...,..ccscccoosccccconse 10 0 0 
Earthquake Shocks .........00002 17 7 0 
Acrid Poisons,......cc.ccccscosssoree 6 O O 
Veins and Absorbents ............ 8 0 0 
Mud in Rivers Casdeeecseosscosertece 5 0 0 
Marine Zoology. PYYTTTITILILIT TTT TT ty) 15 12 8 
Skeleton Maps ......ccsscsscsesosee 20 0 0 
Mountain Barometers ....00...... 618 6 
Stars (Histoire Céleste)eccccsceces 185 0 0 
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& 28d. 
Stars (Lacaille) ........ccsccerere 79 5 0 
Stars (Nomenclature of) ......... 17 19 6 
Stars (Catalogue of) ........c..00- 40 0 0 
Water on Iron ....ccccoscsccsesese. 50 0 0 
Meteorological Observations at 
Inverness .......csceccceees eooree 20 0 O 
Meteorological Observations (re- 
duction Of) .ccccccccsscsersseeee 25 0 0 
Fossil Reptiles .....cccccceccsceeeee 50 0 0 
Foreign Memoirs ....cscccscssoosee 62 O 0 
Railway Sections .........000..0.. 38 1 6 
Forms of Vessele ......ccocccsseeee 193 12 0 
Meteorological Observations at 
Plymouth Coen eee OPocenneee eoscnce 55 0 0 
Magnetical Observations ......... 6118 8 
Fishes of the Old Red Sandstone 100 0 0 
Tides at Leith .......s0.ccecccceee 50 0 0 
Anemometer at Edinburgh ...... 69 1 10 
Tabulating Observations ......... 9 6 & 
Races of Men .....ccosssscecreseee 5 O 0 
Radiate Animals .s..........000.. 2 0 0 
£1235 10 11 


1842, 

Dynamometric Instruments ...... 113 11 
Anoplura Britannia ......cecc000 52 12 
Tides at Bristol..........csscceoesee SD 8 
Gases on Light................se0008 30 14 
Chronometers .......sesscecseceeee 26 17 
Marine Zoology......... ccccccssecce 1 5 
British Fossil Mammalia ......... 100 0 
Statistics of Education ............ 20 0 
Marine Steam-vessels’ Engines... 28 0 
Stars (Histoire Céleste)............ 59 0 
Stars (Brie Assoc. Cat. of) ...... 110 0 

0 


2 
0 
0 
7 
6 
0 
0 
0 
0 
0 
0 
Railway Sections .........0cese... 161 10 0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
| 
0 
8 


British Belemnites........e....0000. 50 0 

Fossil Reptiles (publication of 
Report) ...... veecescecccccecss coe 210 0 
Forms of Vessels ........s0ec0000.. 180 0 
Galvanic Experiments on Rocks 5 8 

Meteorological Experiments at 
Plymouth ............ cccsscceense 68 0 

Constant Indicator and Dynamo- 
metric Instruments ............ 90 90 
Force of Wind ....cc..e00s cecccseee 10 0 
Light on Growth of Seeds ...... 8 0 
Vital Statistics ......... seccsssecsee 50 0 

Vegetative Power of Seeds ...... 8 1 1 
Questions on Human Race ...... 7 9 
£1449 17 
1843, 

Revision of the Nomenciature of 

tars SHHCHNSSESEOSEHHTSCOF Etec sseeseer 0 


Reduction of Stars, British Aese- 
ciation Catalogue ........sc00020. 25 0 
Anomalous Tides, Frith of Forth 120 0 
Hourly Meteorological Observa- 
tions at Kingussie andInverness 77 12 
Meteorological Observations at 
Plymouth COSrececnvertSteccanseee 55 0 
Whewell’s Meteorological Ane- 
mometer at Plymouth ....0... 10 0 


oS @® eo oC 


Meteorological Observations, Os- 
ler’s Anemometer at Plymouth 
Reduction of Meteorological Ob- 
SEFVALIONS ......ccrccccecevccccoes 
Meteorological Instruments and 
Gratuities .....c..ccsccocssssccens 
Construction of Anemometer at 
Inverness ...cccccccescscesesevece 
Magnetic Cooperation ......,se0s 
Meteorological Recorder for Kew 
Observatory .......ccccsccscceses 
Action of Gases on Light......... 
Establishment at Kew Observa- 
tory, Wages, Repairs, Furni- 
ture and Sundries .......cecsoves 
Experiments by Captive Balloons 
Oxidation of the Rails of Railways 
Publication of Report on Fossil 
Reptiles .......cccccecccsncccccceee 
Coloured Drawings of Railway 
Sections ....sceccccsescnccseccesecs 
Registration of Earthquake 
Shocks Cee nccOR be ce seseeeascccrese 
Report on Zoological Nomencla- 
ture SOC erecovet 989 nesHe2es eee 2ORSGe 
Uncovering Lower Red Sand- 
stone near Manchester .....0<00 
Vegetative Power of Seeds ...... 
Marine Testacea (Habits of) ... 
Marine Zoology.....cscccrceeceesess 
Marine LOOlOY..ccosvecevccescccees 
Preparation of Report on British 
Fossi] Mammalia .......ssseseee 
Physiological Operations of Me- 
dicinal Agents ......secccsssrsce 
Vital Statistics ..........cscccsceees 
Additional Experiments on the 
Forms of Vessels ....0......000- 
Additional Experiments on the 
Forms of Vessels ....0s..seseess 
Reduction of Experiments on the 
Forme of Vessels .....sccscesees 
Morin’s Instrument and Constant 
Indicator IvOrirrtriirtirrri tity) 
Experiments on the Strength of 
Materials Pecceonascesesscesesoees 


1844, 
Meteorological Observations at 


100 


60 0 0 
£1565 10 2 
as 


Kingussie and Inverness ...... 12 0 
Completing Observations at Ply- 

MOU ..ccrcccccccccsccsccrecceee 3S O 
Magnetic and Meteorological Co- 

Operation c.cccccccccsssces coveese 25 8 
Publication of the British Asso- 

ciation Catalogue of Stars...... 35 0 
Observations on Tides on the 

East coast of Scotland ......... 100 0 
Revision of the Nomenciature of 

Stars Come neelereccncnccenteace 1842 ° 2 9 
Maintaining the Establishment in 

Kew Observatory ............6. 117 17 


Instruments for Kew Observatory 56 7 § 
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& 8. d. & 8. de 
Infteeace of Light on Plants...... 10 © 0 | Fossil Fishes of the London Clay 100 0 0 
Sebterraneous Temperature in Computation of the Gaussian 
Trekemd ..ccccccccccccscccseesesece 5 0 0 Constants for 1839.......c0000. 50 0 0 
Celoured Drawings of Railway Maintaining the Establishment at 
Sexctioms ........-cccccccess ereccoece 18 17 6 Kew Observatory PTT TIT TTTiT TT . 146 16 7 
Investigation of Fossil Fishes of Strength of Materials............... 60 0 0 
the Lower Tertiary Strata ... 100 0 0 | Researches in Asphyxia......... 616 2 
Regosrring the Shocks of Earth- Examination of Fossil Shells...... 10 0 0 
osecececnsecce o-secee1842 23 11 10 | Vitality of Seeds ............1844 2 15 10 
oSunure of Possil Shells ....... - 20 0 0| Vitality of Seeds ............1845 712 8 
Radista and Mollusca of the Marine Zoology of Cornwall...... 10 0 0 
Egean and Red Seas .....1842 100 © 0 | Marine Zoology of Britain ...... 10 0 0 
Geographical Distributions of Exotic Anoplura ............1844 25 0 0 
Marine Zeology............ 1842 010 | Expensesattending Anemometers 11 7 6 
Marine Zoology of Devon and Anemometers’ Repairs ...... 2 3 6 
Carnwall ........cesccccscsesocee 10 0 © | Atmospheric Waves .............. 8 8 8 
Marme Zoology of Corfu ...... «oe 10 © 0 Captive Balloons ............ 1844 819 3 
Experiments on the Vitality of Varieties of the Human Race 
ececcccccccccccsseess cccorsee «9 O 8 1844 7 6 8 
prpertmcats on the Vitality of Statistics of Sickness and Mor- 
Seeds SOeccencvceeee @oesecersee 1842 8 7 3 tality in York PrYT IVI ITTTerrTi ity) 13 0 0 
E xatic Anoplara .......c.2.000 -. 15 0 0 £685 16 0 
Streagth of Materials ....... o 100 0 0 SS 
Experiments on 
Perms of Ships ...... evecsccees - 100 0 0 C watt ' saz. 
Inquiries IR ccccceeee 10 0 Q| VOmputation of the Gaussian 
invuiperions Asphyzia Internal Constants for 1839 .......... - §0 0 0 
Cenatitution of Metals ........ . 50 O 0| Habits of Marine Animals ...... 10 0 0 
Camtant Indicator and Morin’s Physiological Action of Medicines 20 6 0 
Inatrement, 1842 .....0.00.0000 10 3 6| Marine Zoology of Cornwall 10 0 0 
£981 12 6 Atmospheric Waves .........0.008. 6 9 $ 
Vitality of Seeds ..,....cecesceeses 47 7 
1845. Maintaining the Establishment at 
Publication of the British Associa- Kew Observatory .............. 107 8 6 
ten Catalogue of Stars ......... 351 14 6 $208 5 4 
. Observations at —SEE 
IBVOTDESS ....-.cc0.escecccceces $0 18 11 1848. 
pn tie and Meteorological Co. 16 16 g | Maintaining the Establishment at 
2 emaneeseeersress reeres Kew Observatory .......scc0000. 171 18 11 
Meteorelegical Instruments at 13 1L 9 Atmospheric Waves secescecsesee «868 10D 
Edinburgh .......---.000--+0-+0++0 81 Vitality of Seeds ...cs.ccsscere 9 15 0 
Reduction of Anemometrical Ob- Completion of Catalogues of Stars 70 0 0 
servations at Plymoath ...... + 25 0 0) on Colouring Matters ............ 5 0 0 
Cecsrical eePeuments at Kew is 17 g | OR Growth of Plamts..iccusorere 15 0 0 
Maing te Establishment in £275 1 8 
wevncccess coors 149 15 0 
Rar Kreil’s Barometrograph ...... 25 0 0 1849. 
Gases fram Iron Furnaces ...... 50 0 0 | Electrical Observations at Kew 
The 7 ph woe cccceceee eovece 15 0 90 Observatory .......0000: vsecscceee 50 0 0 
Macroscopic Structure of Shells... 20 0 0 | Maintaining Establishment at 
Exstic Anoplura ceccceccccest O49 10 0 0 ditto SeePOMOSC ere HeoeEreebovensone e 76 2 .) 
Veality of Seeds.........002...1843 2 0 7 | Vitality of Seeds ...........0.. 5 8 1 
Vinkity of Seeds..........2200-1844 7 0 0 | On Growth of Plants...........0. 5 0 0 
Marme of Cornwall...... 10 0 0 | Registration of Periodical Phe- 
Pees Action of Medicines 20 0 0 NOMENA oocrcccccccccvecsesccece oe 10 0 0 
ee of Sickness and Mor- Bill on account of Anemometrical 
tality in York ......2-...0000... 20 0 0 Observations wccsccscsscscerssesee 13 9 0 
Earthquake Shocks ..........1843 15 14 8 £159 19 6 
£830 9 9 
1850, 
1846. Maintaining the Establishment at 
Ieash Association Catalogue of Kew Observatory .......... aos. 255 18 0 
Sears apenggeereoeccece® cocceed 344 211 15 0 | Transit of Earthquake Waves... 50 0 0 
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Periodical Phenomena scescecencae 
Meteorological Instrument, 
ASZOTES crcccccercccscccecsocserecs 
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& Se d. 
15 0 0 
25 0 0 


£345 18 0 
————— 


1851. 
Maintaining the Establishment at 
Kew Observatory (includes part 


of grant in 1849) ......cccscesee 
Theory of Heat ......c.ccccccssseeee 20 

Periodical Phenomena of Animals 
and Plants ...... eccccccccscacssess = 8 
Vitality of Seeds ...sccrscccocecoee = 5 
Influence of Solar Radiation...... 30 
Ethnological Inquiries ............ 12 
Researches on Annelida ........ . 10 
£391 

1852. 


Que 
om BD 


Cc ooo Qe 
i) 


Maintaining the Establishment at 
Kew Observatory (including 


balance of grant for 1850) ... 283 17 8 
Experiments on the Conduction 

Of Heat ...cccssoscocsseccscscccnee 5 2 9 
Influence of Solar Radiations ... 20 0 0 
Geological Map of Ireland ...... 15 0 0 
Researches on the British Anne- 

lid... .eccesccccscvececcees sescoeree 10 0 0 
Vitality of Seeds ......scccccocoeee 10 6 2 
Strength of Boiler Plates ......... 10 0 0 

£304 6 7 
1853. 
Maintaining the Establishment at 

Kew Observatory ............... 165 0 0 
Experiments on the Influence of 

Solar Radiation.......0..ccce 15 0 0 
Researches on the British Anne- 

Lida... .cccesceccccrscccccccccvccceee 10 0 0 
Dredging on the East Coast of 

Scotland.....ccccccesseccccssccoeee 10 0 0 
Ethnological Queries .........- 5 0 O 

£205 0 0 
1854. 
Maintaining the Establishment at 

Kew Observatory (including 

balance of former grant) ...... 3830 15 4 
Investigations on Flax............ 11 0 0 
Effects of Temperature on 

Wrought Iron .........s0cceee 10 0 0 
Registration of Periodical Phe- 

nomena ..... oaeenercccccecceees w- 10 0 0 
British Annelida ............ weeee 10 0 0 
Vitality of Seeds ......cccccrrceee 5 2 8 
Conduction of Heat .....so0- 4 2 0 

£380 19 7 
1855. 
Maintaining the Establishment at 

Kew Observatory ........c00000. 425 0 0 
Earthquake Movements ......... 10 0 0 
Physical Aspect of the Moon...... 11 8 5 
Vitality of Seeds Soe ee oceese cannes 10 7 11 
Map ofthe World cccccscccccccescee 15 DO O 
Ethnological Queries .........0.. 5 0 0 
Dredging near Belfast .,,......... 4 0 0 

£480 16 4 


£& se d. 
1856. 
Maintaining the Establishment at 
Kew Observatory :— 
1854......6 75 0 0 
1855......4500 0 of 575 0 =O 
Strickland’s Ornithological Syno- 
nhyms Seoneet OSs eenesessssssestesses 100 0 0 
Dredging and Dredging Forms... 9 13 ¥Y 
Chemical Action of Light......... 20 0 0 
Strength of Iron Plates........... 10 0 0 
Registration of Periodical Pheno- 
MELIA coccccsscscccsssesccscccrnscee 10 O D 
Propagation of Salmon ........... 10 O 
£734 13 9 
1857. 
Maintaining the Establishment at 
Kew Observatory .co.e..s.-00008 390 OG O 
Earthquake Wave Experiments.. 40 0 0 
Dredging near Belfast ............ 10 0 0 
Dredging on the West Coast of 
Scotland....ccccccsesssesersescccee 10 O O 
Investigations into the Mollusca 
Of California ......ccccscsccrceee 10 O 0 
Experiments on Flax cecccwee 5 O O 
Natural History of Madagascar.. 20 O O 
Researches on British Annelida 25 0 0O 
Report on Natural Products im- 
ported into Liverpool ......... 10 0 0 
Artificial Propagation of Salmon 10 0 @ 
Temperature of Mines .......... 7% 8 O 
Thermometers for Subterranean 
Observations ...ccccccsscscsrscree 5 7 4 
Life- Boats eovccccccsecceseccnescesooe == 5 o.0 0 
£507 15 «4 _4 
1858. 
Maintaining the Establishment at 
Kew Observatory ......cccssccee 500 0 0 
Earthquake Wave Experiments... 25 0 0 
Dredging on the West Coast of 
Scotland SOHoeseneeseFacenseouense 10 0 0 
Dredging near Dublin ........... 5 0 9O 
Vitality of Seeds eeeeesossoceaagsed 5 5 0 
Dredging near Belfast ........... 1813 2 
Report on the British Annelida... 25 0 OQ 
Experiments on the production 
of Heat by Motion in Fluids... 20 0 0 
Report on the Natural Products 
imported into Scotland........ 10 0 @O 
£618 18 2 
1859. - 
Maintaining the Establishment at 
Kew Observatory ......secceosss 500 0 O 
Dredging near Dublin ............ 15 0 @ 
Oateology of Birds.........s.00.02 50 0 O 
Irish Tunicata COR cveaveveneseerenes § 0 0 
Manure Experiments ............ 20 0 U 
British Meduside .,..........0... 5 0 O 
Dredging Committee...,.......-... 5 0 O 
Steam-vessels’ Performance...... 5 90 O 
Marine Fauna of South and West 
Of Treland ..ccccccccccrecvcccccses 19 0 0 
Photographic Chemistry ......0.. 10 0 0 
Lanarkshire Fossils ercccccvccecses 20 0 1 
Balloon ASCEN(S, cerovcccrrccnscececs 39 i] 0 
£684 11 1 
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1860. 
Mamtainzing the Establishment 
ef Kew ev cccccece oe 
Dredging wear Belfast ....cc.ccse00 


E cp-oratiens in the Yellow Sand- 
sreme of Dura Den............... 
Che -mico-mechanical Analysis of 
Recks and Minerals........ eseee 
ea the Growth of 

Rocoches oa the Solubility of 
SMES... 0. ccc ccesscccccscsteoecs ° 
Researches on the Constituents 
of Manuxes ...........c-cccccee.es 
Ba:sace ef Captive Balloon Ac- 
events... Se OOO OOS BOR SES seregesase bd 


£1241 


1861. 
Mamtainaizg the Fstablishment 
of Kew Observatory ............ 
Earthquake Experiments......... 
Dredging North and East Coasts 
of Seatiand...... cccecces seceeoes es 
Dredging Committee :-— 
1860 ...... £50 0 0 
1361 £22 0 96 


Fossils of Lesmahago ........0... 
Expiorasions at Uriconium ...... 
Cheatenl Alloys .........cccccesss 
CisestGed Index to the Transac- 

vons SSHSSERS o STOO PESSESSSES CSTE OVE 
Dredging in the Mersey and Dee 
Dap Circle oncccc. .cccccccccccscccccce 

ic Observations 

Preece Deet FSO OCSG 206 £605 669508888880 
Genging OF Water... cocccccccccccee 
Alp. 22 Ascents enone eveovesseoonoccse 
Ceustiquents of Manures ........- 


41111 
Pe ee a! 


1862. 
Msetaining the Establishment 
of Kew 
Purest Laws ......... eeeeseces ceceee 
cmc of No W- America....- 
sural History by Mercantile 
Marine ........2.00. eececccccecece 
Taal Observations eveseeeeesnenes 


1863. 


25 


1 33 


500 
25 


25 


Observatory SSeseceeenee 500 


21 
10 


5 
25 


7 


eHioamooooono eoeooo oo 


 — i) eoaco 


d. 


) 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 


oo eoooocoodo © C— i — | 


olo~oacocee 


eo ooo 


£ «2. d. 
Photoheliometer at Kew .,....... 40 0 O 
Photographic Pictures of the Sun 150 0 0 
Rocks of Donegal ...........ssse0e 25 0 0 
Dredging Durham and North- 
umberiand ........cccssscscsceesss 25 0 0 
Connexion of Storms.......... o.. 20 0 0 
Dredging North-East Coast of 
Scotland......... seccccoccsseserese «= 9 6 
Ravages of Teredo ......... were SIL O 
Standards of Electrical Resistance 50 0 0 
Railway Accidents .............45 10 0 0 
Balloon Committee .............. 200 0 O 
Dredging Dublin Bay ............ 10 0 0 
Dredging the Mersey ............ 5 0 0 
Prison Dict ..........ccccssccvcvees 20 0 0 
Gauging of Water................6. 12 10 0 
Steamships’ Performance ......... 150 0 0 
Thermo-Eleetric Currents ...... § 0 0 
£1293 16 6 
1863. 
Maintaining Establishment of 
Kew Observatory............... 0 0 
Balloon Committee deficiency... 70 0 0 
Balloon Ascents (other expenses) 25 0 0 
EnmtOZOR ... .ccccccccsccceessccccsccses 25 0 0 
Coal Fossils ............c000008 o.. 20 0 0 
Herring .........0.....seeceee besenes 20 0 0 
Granites of Donegal.............. - 5 0 90 
Prison Diet ...........sscccssseseseee 20 0 O 
Vertical Atmospheric Movements 13 0 0O 
Dredging Shetland ............... 50 0 0 
Dredging North-east coast of 
Scotland .........ccccsccssecseees 25 0 0 
Dredging Northumberland and 
Durham...............eceeeeeecees 17 310 
Dredging Committee superin- 
tendence ............. ccsessecesese 10 0 0 
Steamship Performance ......... 100 0 0 
Balloon Committee ............... 200 0 0 
Carbon under pressure............ 10 0 0 
Volcanic Temperature ............ 100 0 0 
Bromide of Ammonium ......... 8 0 0 
Electrical Standards............... 100 0 0 
—— Construction and distribu- 
sf) seseveee 40 0 0 
Luininous Meteors ............06. 17 0 0 
Kew Additional Buildings for 
Photoheliograph ........+...+4+ 100 0 0 
Thermo-Electricity ..... eooscseeee 15 0 O 
Analysis of Rocks. .............- - 8 0 0 
Hydroids Seetsoeosssesaenrseoseevagseonggees 10 0 0 
£1608 310 
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Extracts from Resolutions of the General Committee. 


Committees and individuals, to whom grants of money for scientific pur- 
poses have been entrusted, are required to present to each following meeting 
of the Association a Report of the progress which has been made; witha 
statement of the sums which have been expended, and the balance which re- 
mains disposable on each grant. 

Grants of pecuniary aid for scientific purposes from the funds of the Asso- 
ciation expire at the ensuing meeting, unless it shall appear by a Report that 
the Recommendations have been acted on, or a continuation of them be 
ordered by the General Committee. 

In each Committee, the Member first named is the person entitled to call 
on the Treasurer, William Spottiswoode, Esq., 59 Grosvenor Place, London, 
8.W., for such portion of the sum granted as may from time to time be re- 
quired. 

In grants of money to Committees, the Association does not contemplate 
the payment of personal expenses to the members. 

In all cases where additional grants of money are made for the continua- 
tion of Researches at the cost of the Association, the sum named shall be 
deemed to include, as a part of the amount, the specified balance which may 
remain unpaid on the former grant for the same object. 


General Meetings. 


On Wednesday Evening, August 26, at 8 p.u., in the Town Hall, the Rev. 
R. Willis, M.A., F.R.8., resigned the office of President to Sir W. G. Am- 
strong, LL.D., F.R.S., who took the Chair, and delivered an Address, for 
which see page li. 

On Thursday Evening, August 27, at 8 p.u., a Soirée took place in the 
Central Exchange News Room. 

On Friday Evening, August 28, at 8.30 p.x., in the Town Hall, Professor 
Williamson delivered a Discourse on the Chemistry of the Galvanic Battery 
considered in relation to Dynamics. 

On Monday Evening, August 31, at 8 p.u., a Soirée took place in the Cen- 
tral Exchange News Room. 

On Tuesday Evening, September 1, at 8.30 p.m., Mr. Glaisher gave 42 
account of the Balloon Ascents made for the British Association. 

On Wednesday, September 2, at 3 p.u., the concluding General Meeting 
took place, when the Proceedings of the General Committee, and the Grants of 
Money for Scientific purposes, were explained to the Members. 

The Meeting was then adjourned to Bath*. 


* The Meeting is appointed to take place on Wednesday, September 14, 1864. 
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SIR WILLIAM G. ARMSTRONG, C.B., LL.D., F.R.S., &e. 


GENTLEMEN OF THE British AssociaTion,—I esteem it the greatest honour of 
my life that I am called upon to assume the office of your President. In that 
capacity, and as representing your body, I may be allowed to advert to the 
gratifying reception which the British Association met with on their former 
visit to this region of mining and manufacturing industry, and, as a member 
of the community which you have again honoured with a visit, I undertake to 
convey to you the assurance of a renewed and hearty welcome. A quarter of 
a century has elapsed since the Association assembled in this town, and in no 
former period of equal duration has so great a progreas been made in physical 
knowledge. In mechanical science, and especially in those branches of it 
which are concerned in the application of steam power to effect interchange 
between distant communities, the progress made since 1838 has no parallel 
in history. The railway system was then in its infancy, and the great 
problem of transatlantic steam navigation had only received its complete 
solution in the preceding year. Since that time railways have extended to 
every continent, and steamships have covered the ocean. These reflections 
claim our attention on this occasion, because the locality in which we hold 
our present meeting is the birthplace of railways, and because the coal-mines 
of this district have contributed more largely than any others to supply the 
motive power by which steam communication by land and water has been 
established on so gigantic a scale. 

The history of railways shows what grand results may have their origin in 
small beginnings. When coal was first conveyed in this neighbourhood from 
the pit to the shipping-place on the Tyne, the pack-horse, carrying a burden 
of 3 cwt., was the only mode of transport employed. As soon as roads 
suitable for wheeled carriages were formed, carta were introduced, and this 
first step in mechanical appliance to facilitate transport had the effect of 
increasing the load which the horse was enabled to convey from 3 cwt. to 
17 ewt. The next improvement consisted in laying wooden bars or rails for 
the wheels of the carts to run upon, and this was followed by the substitution 
of the four-wheeled wagon for the two-wheeled cart. By this further appli- 
cation of mechanical principles the original horseload of 3 cwt. was aug- 
mented to 42 cwt. These were important results, and they were not obtained 
without the shipwreck of the fortunes of at least one adventurous man whose 
ideas were in advance of the times in which he lived. We read, in a record 
published in the year 1649, that ‘‘one Master Beaumont, a gentleman of 
great ingenuity and rare parts, adventured into the mines of Northumberland 
with his £30,000, and brought with him many rare engines not then known 
im that shire, and wagons with one horse to carry down coal from the pits to 
the river, but within a few years he consumed all his money and rode home 
upon his light horse.” The next step in the progress of railways was the 
attachment of slips of iron to the wooden rails. Then came the i iron tram- 

d 


lii REPORT— 1868. 


way, consisting of cast-iron bars of an angular section : in this arrange- 
ment the upright flange of the bar acted as a guide to keep the wheel on the 
track. The next advance was an important one, and consisted in transferring 
the guiding flange from the rail to the wheel: this improvement enabled 
cast-iron edge rails to be used. Finally, in 1820, after the lapse of about 
200 years from the first employment of wooden bars, wrought-iron rails, rolled 
in long lengths, and of suitable section, were made in this neighbourhood, 
and eventually superseded all other forms of railway. Thus, the. railway 
system, like all large inventions, has risen to its present importance by a 
series of steps; and so gradual has been ita progress, that Europe finds itself 
committed to a gaugo fortuitonsly determined by the distance between the 
wheels of the carts for which wooden rails were originally laid down. 

Last of all came the locomotive engine, that crowning achievement of me- 
chanical science, which enables us to convey a load of 200 tons at a cost of fuel 
scarcely exceeding that of the corn and hay which the original pack-horse 
consumed in conveying its load of 3 cwt. an equal distance. 

It was chiefly in this locality that the railway system was thus reared 
from earliest infancy to full maturity, and amongst the many names associated 
with its growth, that of George Stephenson stands preeminent. 

In thus glancing at the history of railways, we may observe how promptly 
the inventive faculty of man supplies the device which the circumstances of 
the moment require. No sooner is a road formed fit for wheeled carriages to 
pass along, than the cart takes the place of the pack-saddle: no sooner is 
the wooden railway provided than the wagon is substituted for the cart: and 
no sooner is an iron railway formed, capable of carrying heavy loads, than 
the locomotive engine is found ready to commence its career. As in the 
vegetable kingdom fit conditions of soil and climate quickly cause the appeal- 
ance of suitable plants, so in the intellectual world fitness of time and circum- 
stance promptly calls forth appropriate devices. The seeds of invention exist, 
as it were, in the air, ready to germinate whenever suitable conditions ams, 
and no legislative interference is needed to ensure their growth im propet 
season. 


The coal-fields of this district, so intimately connected with the railway — 


system, both in its origin and maintenance, will doubtless receive much at- 
tention from the Association at their present meeting. 

To persons who contend that all geological phenomena may be attributed 
to causes identical in nature and degree with those now in operation, the 


formation of coal must present peculiar difficulty. The rankness of vegete- 


tion which must have existed in the carboniferous era, and the uniformity of 
climate which appears to have prevailed almos} from the Poles to the Equator; 
would seem to imply a higher temperature of the earth’s crust, and an atmo- 
sphere more laden with humidity and carbonic acid than exist in ou! 


day. But whatever may have been the geological conditions affecting the 
origin of coal, we may regard the deposits of that mineral as vast magazines | 


of power stored up at periods immeasurably distant for our use. 
The principle of conservation of force and the relationship now established 
between heat and motion, enable us to trace back the effecta which we DoW 
derive from coal to equivalent agencies exercised at the periods of its forms- 
tion. The philosophical mind of George Stephenson, unaided by theoretical 
knowledge, rightly saw that coal was the embodiment of power originally 
derived from the sun. That small pencil of solar radiation which is arrested 
by our planet, and which constitutes less than the 2000-millionth part of the 
total energy scnt forth from the sun, must be regarded as the power which 
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enabled the plants of the carboniferous period to wrest the carbon they re- 
quired from the oxygen with which it was combined, and eventually to deposit 
it as the solid material of coal. In our day, the reunion of that carbon with 
oxygen restores the energy expended in the former process, and thus we 
are enabled to utilize the power originally derived from the luminous centre 
of our planetary system. 

But the agency of the sun in originating coal does not stop at this point. 

In every2period of geological history the waters of the ocean have been lifted 
by the action of the sun and precipitated in rain upon the earth. This has 
given rise to all those sedimentary actions by which mineral substances have 
been collected at particular localities, and there deposited in a stratified form 
with a protecting cover to preserve them for future use. The phase of the 
earth’s existence suitable for the extensive formation of coal appears to have 
passed away for ever; but the quantity of that invaluable mineral which has 
been stored up throughout the globe for our benefit 1s sufficient (if used 
discreetly) to serve the purposes of the human race for many thousands of 
years. In fact, the entire quantity of coal may be considered as practically 
inexhaustible. Turning, however, to our own particular country, and con- 
templating the rate at which we are expending those seams of coal which 
yield the best quality of fuel, and can be worked at the least expense, we 
shall find much cause for anxiety. The greatness of England much de- 
pends upon the superiority of her coal in cheapness and quality over that of 
other nations; but we have already drawn from our choicest mines a far 
larger quantity of coal than has been raised in all other parts of the world 
pat together, and the time is not remote when we shall have to encounter 
the disadvantages of increased cost of working and diminished value of 
uce. 
Estimates have been made at various periods of the time which would be 
required to produce complete exhaustion of all the accessible coal in the 
British Islands. These estimates are extremely discordant; but the discre- 
pancies arise, not from any important disagreoment as to the available quan- 
tity of coal, but from the enormous difference in the rate of consumption at 
the various dates when the estimates were made, and also from the different 
views which have been entertained as to the probable increase of consumption 
in future years. The quantity of coal yearly worked from British mines 
has been almost trebled during the last twenty years, and has probably in- 
ercased tenfold since the commencement of the present century; but as this 
increase has taken place pending the introduction of steam navigation and 
railway transit, and under exceptional conditions of manufacturing develop- 
ment, it would be too much to assume that it will continue to advance with 
equal rapidity. The statistics collected by Mr. Hunt, of the Mining Record 
Office, show that at the end of 1861 the quantity of coal raised in the 
Tnited Kingdom had reached the enormous total of 86 millions of tons, and 
that the average annual increase of the eight preceding ycars amounted to 
24 millions of tons. Let us inquire, then, what will be the duration of our 
coal-fields if this more moderate rate of increase be maintained. 

By combining the known thickness of the various workable seams of coal, 
and computing the area of the surface under which they lie, it is easy to 
arrive at an estimate of the total quantity comprised in our coal-bearing 
strata. Assuming 4000 feet as the greatest depth at which it will ever be 
possible to carry on mining operations, and rejecting all seams of less than 
2 feet in thickness, the entire quantity of available coal existing in theso 
Islands has been calculated to amount to about 80,000 millions of tons, 


liv REPORT—1868. 


which, at the present rate of consumption, would be exhausted in 930 years, 
but, with a continued yearly increase of 27 millions of tons, would only 
last 212 years. It is clear that long before complete exhaustion takes place, 
England will have ceased to be a coal-producing country on an extensive 
scale. Other nations, and especially the United States of America, which 
possess coal-fields 37 times more extensive than ours, will then be work- 
ing more accessible beds at a smaller cost, and will be able to displace the 
English coal from every market. The question is, not how long our coal 
will endure before absolute exhaustion is effected, but how long will those 
particular coal-seams last which yield coal of a quality and ‘at a price to 
enable this country to maintain her present supremacy in manufacturing 
industry. So far as this particular district is concerned, it is generally 
admitted that 200 years will be sufficient to exhaust the principal seams 
even at the present rate of working. If the production should continue 
to increase as it is now doing, the duration of those seams will not reach half 
that period. How the case may stand in other coal-mining districts I 
have not the means of ascertaining; but as the best and most accessible 
coal will always be worked in preference to any other, I fear the same rapid 
exhaustion of our most valuable seams is everywhere taking place. Were 
we reaping the full advantage of all the coal we burnt, no objection could 
be made to the largeness of the quantity, but we are using it wastefully and 
extravagantly in all its applications. It is probable that fully one-fourth 
of the entire quantity of coal raised from our mines is used in the pro- 
duction of heat for motive power; but, much as we are in the habit of 
admiring the powers of the steam-engine, our present knowledge of the 
mechanical energy of heat shows that we realize in that engine only a small 
part of the thermic effect of the fuel. That a pound of coal should, in our 
best engines, produce an effect equal to raising a weight of a million pounds 
a foot high, is a result which bears the character of the marvellous, and 
seems to defy all farther improvement. Yet the investigations of recent 
years have demonstrated the fact that the mechanical energy resident 1n 4 
pound of coal, and liberated by its combustion, is capable of raising to the 
same height 10 times that weight. But although the power of our most 
economical steam-engines has reached, or perhaps somewhat exceeded, the 
limit of a million pounds raised a foot high per lb. of coal, yet, if we take the 
average effect obtained from steam-engines of the various constructions now 
in use, we shall not be justified in assuming it at more than one-third of 
that amount. It follows therefore that the average quantity of coal which 
we expend in realizing a given effect by means of the steam-engine is about 
30 times greater than would be requisite with an absolutely perfect heat- 
e. 

The causes which render the application of heat so uneconomic in the 
steam-engine have been brought to light by the discovery of the dynamical 
theory of heat; and it now remains for mechanicians, guided by the light 
they have thus received, to devise improved practical methods of converting 
the heat of combustion into available power. } 

Engines in which the motive power is excited by the communication of 
heat to fluids already existing in the aériform condition, as in those of 
Stirling, Ericson, and Siemens, promise to afford results greatly superior ‘0 
those obtained from the steam-engine. They are all based upon the principle 
of employing fuel to generate sensible heat, to the exclusion of latent heat, 
whieh is only another name for heat which has taken the form of unprofitable 
motion amongst the particles of the fluid to which it is applied. They also 
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embrace what is called the regenerative principle—a term which has, with 
reason, been objected to, as implying a restoration of expended heat. The 
so called “ regenqrator ’’ is a contrivance for arresting unutilized heat rejected 
by the engine, and causing it to operate in aid and consequent reduction of 
fel. 


It is a common observation that before coal is exhausted some other motive 
agent will be discovered to take its place, and electricity is generally cited as 
the coming power. Electricity, like heat, may be converted into motion, and 
both theory and practice have demonstrated that its mechanical application 
does not involve so much waste of power as takes place in a steam-engine; but 
whether we use heat or electricity as a motive power, we must equally depend 
upon chemical affinity as the source of supply. The act of uniting to form a 
chemical product liberates an energy which assumes the form of heat or 
dectrieity, from either of which states it is convertible into mechanical effect. 
In contemplating, therefore, the application of electricity as a motive power, 
we must bear in mind that we shall still require to effect chemical combina- 
tions, and in so doing to consume materials. But where are we to find mate- 
nals s0 economical for this purpose as the coal we derive from the earth and 
the oxygen we obtain from the air? The latter costs absolutely nothing ; 
and every pound of coal, which in the act of combustion enters into chemical 
combination, renders more than two and a half pounds of oxygen available 
for power. We cannot look to water as a practicable source of oxygen, for 
_ there it exists in the combined state, requiring expenditure of chemical 
energy for its separation from hydrogen. It is in the atmosphere alone that 
it can be found in that free state in which we require it, and there does not 
sppeer to me to be the remotest chance, in an economic point of view, of being 
able to dispense with the oxygen of the air as a source either of thermo- 
dynamic or electrodynamic effect. But to use this oxygen we must consume 
some oxidizable substance, and coal is the cheapest we can procure. 

There is another source of motive power to which I am induced to refer, 
as exhiliting a further instance in which solar influence affords the means 
of obtaining mechanical effects from inanimate agents. I allude to the 
power of water descending from heights to which it has been lifted by 
the evaporative action of the sun. To illustrate the great advantage of 
collecting water for power in elevated situations I may refer to the water- 
works of Greenock, where the collecting-reservoirs are situated at an 
elevation of 512 feet above the river Clyde. The daily yield of these 
reservoirs is said to be nearly 100,000 tons of water, which is derived from 
the rainfall on an area of 5000 acres. The power obtainable from this quantity 
and head of water is equal to that of a steam-engine of about 2000 horse- 
power, and the whole effect might be realized on the margin of the river by 

ing down the water in a pipe of sufficient capacity, and causing it to 
setas a column on suitable machinery at the foot of the descent. But the 
hydraulic capabilities of the Greenock reservoirs sink into insignificance when 
cumpered with those of other localities where the naturally collected waters 
of large areas of surface descend from great elevations in rapid rivers or ver- 
fical falls. Alpine regions abound in falls which, with the aid of artificial 
Works to impound the surplus water and equalize the supply, would yield 
thousands of horse-power ; and there is at least one great river in the world 
which in a single plunge developes sufficient power to carry on all the ma- 
nufactaring operations of mankind if concentrated in its neighbourhood. 
Industrial populations have scarcely yet extended to those regions which 
afford this profusion of motive power, but we may anticipate the time 
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when these natural falls will be brought into useful operation. In that day 
the heat of the sun, by raising the water to heights from which to flow in 
these great rapids and cascades, will become the means of. economizing: the 
precious stores of motive power, which the solar energy differently directed | 
has accumulated at a remote period of geological history, and which when > 
once expended may probably never be replaced. 

IT have hitherto spoken of coal only as a source of mechanical power, but 
it is also extensively used for the kindred purpose of relaxing those cohesive 
forces which resist our efforts to give new forms and conditions to solid sub- | 
stances. In these applications, which are generally of a metallurgical nature, 
the same wasteful expenditure of fuel is everywhere observable. In an ordi- | 
nary furnace employed to fuse or soften any solid substance, it is the excess 
of the heat of combustion over that of the body heated which alone is ren- 
dered available for the purpose intended. The rest of the heat, which in | 
many instances constitutes by far the greater proportion of the whole, is 
allowed to escape uselessly into the chimney. The combustion also in common 
furnaces is so imperfect, that clouds of powdered carbon, in the form of smoke, 
envelope our manufacturing towns, and gases, which ought to be completely 
oxygenized in the fire, pass into the air with two-thirds of their heating 
power undeveloped. 

Some remedy for this state of things, we may hope, is at hand, in the gas 
regenerative furnaces recently introduced by Mr. Siemens. In these fur- 
naces the rejected heat is arrested by a so-called “ regenerator,” as in Stirling’s 
nir-cngine, and is communicated to the new fuel before it enters the furnace. 
The fucl, however, is not solid coal, but gas previously evolved from coal. A 
stream of this gas raised to a high temperature by the rejected heat of com- 
bustion is admitted into the furnace, and there meets a stream of atmospheric 
nir also raised to a high temperature by the same agency. In the combina- 
tion which then ensues, the heat evolved by the combustion is superadded 
to the heat previously acquired by the gases. Thus, in addition to the ad- 
vantage of economy, a greater intensity of heat is attained than by the com- 
bustion of unheated fuel. In fact, as the heat evolved in the farnace, or so 
much of it as is not communicated to the bodies exposed to its action, con- 
tinually returns to augment the effect of the new fuel, there appears to be no 
limit to the temperature attainable, except the powers of resistance in the 
materials of which the furnace is composed. 

With regard to smoke, which is at once a waste and a nuisance, having 
myself taken part with Dr. Richardson and Mr. Longridge in a series of ex- 
periments made in this neighbourhood in the years 1857-58 for the purpose 
of testing the practivability of preventing smoke in the combustion of bita- 
minous coal in steam-engine boilers, I can state with perfect confidence that, 
so far as the raising of steam is concerned, the production of smoke is unne— 
cessary and inexcusable. The experiments to which I refer proved beyond 
a doubt, that by an easy method of firing, combined with a due admission of 
air and s proper arrangement of firegrate, not involving any complexity, the 
emission of smoke might be perfectly avoided, and that the prevention of 
the smoke increased the economic value of the fuel and the evaporative power 
of the boiler. As a rule, there is more smoke evolved from the fires of steam- 
engines than from any others, and it is in these fires that it may be most 
easily prevented. But in the furnaces used for most manufacturing opera- 
tions the prevention of smoke is much more difficult, and will probably not 
be effected until a radical change is made in the system of applying fuel for 

1ch operations. 
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Not leas wasteful and extravagant is our mode of employing coal for 
domestic purposes. It is computed that the consumption of coal in dwelling- 
houses amounts in this country to a ton per head per annum of the entire 
population; so that upwards of twenty-nine millions of tons are annually 
expended in Great Britain alone for domestic use. If any one will consider 
that one pound of coal applied to a well-constructed steam-engine boiler eva- 
porates 10 Ibe. or one gallon of water, and if he will compare this effect with 
the insignificant quantity of water which can be boiled off in steam by a 
pound of coal consumed in an ordinary kitchen fire, he will be able to appre- 
ate the enormous waste which takes place by the common method of burn- 
ing coal for culinary purposes. The simplest arrangements to confine the 
heat and concentrate it upon the operation to be performed would suffice to 
obviate this reprehensible waste. So also in warming houses we consume in 
our open fires about five times as much coal as will produce the same heating 
efiect when. burnt in a close and properly constructed stove. Without sacri- 
ficing the luxury of a visible fire, it would be easy, by attending to the prin- 
ciples of radiation and convection, to render available the greater part of the 
heat which is now so improvidently discharged into the chimney. These are 
homely considerations—too much so, perhaps, for an assembly like this; but I 
trust that an abuse involving a4 uselees expenditure exceeding in amount our 
ineome-tax, and capable of being rectified by attention to scientific principles, 
may not be deemed unworthy of the notice of some of those whom I have 
the honour of addressing. 

The introduction of the Davy lamp was a great event in the history of 
coal-mining, not as effecting any great diminution of those disastrous acci- 
dents which still devastate every colliery district, but as a means of enabling 
mines to be worked which, from their greater explosive tendencies, would 
otherwise have been deemed inaccessible. Thus, while the Davy lamp has 
been of great benefit both to the public and the proprietors of coal, it has been 
the means of leading the miners into more perilous workings, and the fre- 
quency of accident by explosion has in consequence not been diminished to 
the extent which was originally expected. The Davy lamp is a beautiful 
appheation of a scientific principle to effect a practical purpose, and with 
fair treatment its efficiency is indisputable; but where Davy lamps are en- 
trusted 1o hundreds of men, and amongst them to many careless and reck- 
less persons, it is impossible to guard entirely against gross negligence 
and its disastrous consequences. In coal-mines where the most perfect 
system of ventilation prevails, and where proper regulations are, as far as 
practicable, enforced in regard to the use of Davy lamps, deplorable accidents 
do oceasionally occur, and it is impossible at present to point out what addi- 
tional precautions would secure immunity from such calamities. The only ~ 
gleam of amelioration is in the fact that the loss of life in relation to the quan- 
tity of coal worked is on the decrease, from which we may infer that it is also 
on the decrease taken as a percentage on the number of miners employed. 

_ The increase of the earth’s temperature as we descend below the surface 
is 4 subject which has been discussed at previous Meetings of the British 
Association. It possesses great scientific interest as affecting the computed 
thickness of the crust which covers the molten mass assumed to constitute 
the interior portions of the earth, and it is also of great practical importance 
as determining the depth at which it would be possible to pursue the work- 
ing of coal and other minerals. The deepest coal-mine in this district is the 
Monkwearmouth Colliery, which reaches a depth of 1800 feet below the 
surface of the ground, and nearly as much below the level of the sea. The 
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observed temperature of the strata at this depth agrees pretty clesely with 
what has been ascertained in other localities, and shows that the increase 
takes place at the rate of 1° Fahr. to about 60 feet of depth. Assuming the 
temperature of subterranean fusion to be 8000°, and that the increase of heat 
at greater depths continues uniform (which, however, is by no means certain), 
the thickness of the film which separates us from the fiery ocean beneath 
will be about thirty-four miles—a thickness’ which may be fairly repre- 
sented by the skin of a peach taken in relation to the body of the fruit which 
it covers. The depth of 4000 feet, which has been assumed as the limit at 
which coal could be worked, would probably be attended by an increase 
of heat exceeding the powers of human endurance. In the Monkwearmouth 
colliery, which is less than half that depth, the temperature of the air in the 
workings is about 84° Fahr., which is considered to be nearly as high as is 
consistent with the great bodily exertion necessary in the operation of mining. 
The computations therefore of the duration of coal would probably require a 
considerable reduction in consequence of too great a depth being assumed as 
practicable. 

At the last Meeting of the British Association in this town, the import- 
ance of establishing an office for mining records was brought under the notice 
of the Council by Mr. Sopwith, and measures were taken which resulted in 
the formation of the present Mining Records Office. The British Association 
may congratulate itself upon having thus been instrumental in establishing an 
office in which plans of abandoned mines are preserved for the information of 
those who, at a future period, may be disposed to incur the expense of bringing 
those mines again into operation. But more than this is required. Many of 
the inferior seams of coal can be profitably worked only in conjunction with 
those of superior quality, and they will be entirely lost if neglected until the 
choicer beds be exhausted. Although coal is private property, its duration 
is & national question, and Government interference would be justified to 
enforce such modes of working as the national interests demand. But to 
enable Government to exercise any supervision and control, a complete 
mining survey of all our coal-fields should be made, and full plans, sections, 
and reports lodged at the Mining Records Office for the information of the 
legislature and of the public in general. 

Before dismissing the subject of coal, it may be proper to notice the recent 
discovery by Berthelot of a new form of carburetted hydrogen possessing 
twice the illuminating power of ordinary coal-gas. Berthelot suoceeded in 
procuring this gas by passing hydrogen between the carbon electrodes of 8 
powerful battery. Dr. Odling has since shown that the same gas may be 
_ produced by mixing carbonic oxide with an equal volume of light carbu- 

retted hydrogen and exposing the mixture in a porcelain tube to an intense 
heat. Still more recently, Mr. Siemens has detected the same gas in the 
highly heated regenerators of his furnaces, and there is now every reason to 
believe that the new gas will become practically available for illuminating- 
purposes. Thus it is that discoveries which in the first instance interest 
the philosopher only almost invariably initiate a rapid series of steps leading 
to results of great practical importance to mankind. 

In the course of the preceding observations I have had occasion to speak of 
the sun as the great source of motive power on our earth, and I must not omit 
to refer to recent discoveries connected with that most glorious body. 
the results which science has produced within the last few years, none has 
been more unexpected than that by which we are enabled to test the materials 
of which the sun is made, and prove their identity, in part at least, with those 
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of our planet. The spectrum experiments of Bunsen and Kirchhoff have not 
only shown all this, but they have also corroborated previous conjectures as 
to the luminous envelope of the sun. I have still to advert to Mr. Nasmyth’s 
remarkable discovery, that the bright surface of the sun is composed of an 
aggregation of apparently solid forms, shaped like willow-leaves or some well- 
known forms of Diatomacess, and interlacing one another in every direction. 
The forms are so regular in size and shape, as to have led to a suggestion 
from one of our profoundest philosophers of their being organisms, possibly 
even partaking of the nature of life, but at all events closely connected 
with the heating and vivifying influences of the sun. These mysterious 
objects, which, since Mr. Nasmyth discovered them, have been seen by other 
observers as well, are computed to be each not less than 1000 miles in length 
and about 100 miles in breadth. The enormous chasms in the sun’s photo- 
sphere, to which we apply the diminutive term “‘spots,” exhibit the extremities 
of these leaf-like bodies pointing inwards, and fringing the sides of the cavern 
far down into the abyse. Sometimes they form a sort of rope or bridge 
across the chasm, and appear to adhere to one another by lateral attraction. 
[ can imagine nothing more deserving of the scrutiny of observers than these 
extraordinary forms. The sympathy also which appears to exist between 
forces operating in the sun and magnetic forces belonging to the earth merits 
a continuance of that close attention which it has already received from the 
British Association, and of labours such as General Sabine has with so much 
alulity and effect devoted to the elucidation of the subject. I may here notice 
that most remarkable phenomenon which was seen by independent observers 
at two different places on the Ist of September 1859. A sudden outburst of 
light, far exceeding the brightness of the sun’s surface, was seen to take place, 
and sweep like a drifting cloud over a portion of the solar face. This was 
attended with magnetic disturbances of unusual intensity and with exhibitions 
of aurora of extraordinary brilliancy. The identical instant at which the 
effusion of light was observed was recorded by an abrupt and strongly 
marked deflection in the self-registering instruments at Kew. The pheno- 
menon as seen was probably only part of what actually took place, for the 
magnetic storm in the midst of which it occurred commenced before and 
continued after the event. If conjecture be allowable in such a case, we may 
suppose that this remarkable event had some connexion with the means by 
which the sun’s heat is renovated. It is a reasonable supposition that the 
sun was at that time in the act of receiving a more than usual accession 
of new energy; and the theory which assigns the maintenance of its 
power to cosmical matter plunging into it with that prodigious jvelocity 
which gravitation would impress upon it as it approached to actual contact 
with the solar orb, would afford an explanation of this sudden exhibition of 
intensified light in harmony with the knowledge we have now attained that 
arrested motion is represented by equivalent heat. Telescopic observations 
will probably add new facts to guide our judgment on this subject, and, taken 
in connexion with observations on terrestrial magnetism, may enlarge and 
correct our views respecting the nature of heat, light, and electricity. Much 
as we have yet to learn respecting these agencies, we know sufficient to infer 
that they cannot be transmitted from the sun to the earth except by com- 
munication from particle to particle of intervening matter. Not that I speak 
of particles in the sense of the atomist. Whatever our views may be of the 
nature of particles, we must conceive them as centres invested with surround- 
ing forces. We have no evidence, either from our senses or otherwise, of these 
centres being occupicd by solid cores of indivisible incompressible matter 
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essentially distinct from force. Dr. Young has shown that even in so dense 
a body as water, these nuclei, if they exist at all, must be so small in relation 
to the intervening spaces, that a hundred men distributed at equal distances 
over the whole surface of England would represent their relative magnitude 
and distance. What then must be these relative dimensions in highly rarefied 
matter? But why encumber our conceptions of material forces by this unneces- 
sary imagining of a central molecule? If we retain the forces and reject the 
molecule, we shall still have every property we can recognize in matter by 
the use of our senses or by the aid of ourreason. Viewed in this light, matter 
is not merely a thing subject to force, but is itself composed and constituted 
of force. 

The dynamical theory of heat is probably the most important discovery of the 
present century. We now know that each Fahrenheit degree of temperature 
in a pound of water is equivalent to a weight of 772 Ibs. lifted 1 foot high, 
and that these amounts of heat and power are reciprocally convertible into 
one another. ‘This theory of heat, with its numerical computation, is chiefly 
due to the labours of Mayer and Joule, though many other names, including 
those of Thomson and Kankine, are deservedly associated with its develop- 
ment. I speak of this discovery as one of the present age because it has 
been established in our time; but if we search back for earlier concep- 
tions of the identity of heat and motion, we shall find (as we always do in 
such cases) that similar ideas have been held before, though in a clouded and 
undemonstrated form. In the writings of Lord Bacon we find it stated 
that heat is to be regarded as motion and nothing else. In dilating upon 
this subject, that extraordinary man shows that he had grasped the true — 
theory of heat to the utmost extent that was compatible with the state of | 
knowledge existing in his time. Even Aristotle seems to have entertained 
the idea that motion was to be considered as the foundation not only of heat, 
but of all manifestations of matter; and, for aught we know, still earlier 
thinkers may have held similar views. 

The science of gunnery, to which I shall make but slight allusion on this 
occasion, is intimately connected with the dynamical theory of heat. When 
gunpowder is exploded in a cannon, the immediate effect of the affinities by 
which the materials of the powder are caused to enter into new combinations, 
is to liberate a force which first appears as heat, and then takes the form of 
mechanical power communicated in part to the shot and in part to the pro- 
ducts of explosion which are also propelled from the gun. The mechanical 
force of the shot is reconverted into heat when the motion is arrested by 
striking an object, and this heat is divided between the shot and the object 
struck, in the proportion of the work done or damage inflicted upon cach. 
These considerations recently led me, in conjunction with my friend Captain 
Noble, to determine experimentally, by the heat elicited in the shot, the loss 
of effect due to its crushing when fired against iron plates. Joule’s law, and 
the known velocity of the shot, enabled us to compute the number of dyna- 
mical units of heat representing the whole mechanical power in the projectile, 
and by ascertaining the number of units developed in it by impact, we arrived 
at the power which took effect upon the shot instead of the plate. These ex- 

riments showed an enormous absorption of power to be caused by the 
yielding nature of the materials of which projectiles are usually formed ; but 
further experiments are required to complete the inquiry. 

Whilst speaking of the subject of gunnery, I must pay a passing tribute of 
praise to that beautiful instrument invented and perfected by Major Navez of 
the Belgian Artillery, for determining, by means of electro-magnetism, the 
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velocity of projectiles. This instrument has been of great value in recent 
investigations, and there are questions affecting projectiles which we can 
oaly hope to solve by its assistance. Experiments are still required to clear 
up several apparently anemalous effects in gunnery, and to determine the con- 
ditions most conducive to efficiency both as regards attack and defence. It is 
gratifying to see our Government acting in accordance with the enlightened 
principles of the age by carrying on scientific experiments to arrive at know- 
ledge, which, in the arts of war as well as in those of peace, is proverbially 
recognized as the true source of human power. 

Professor Tyndall’s recent discoveries respecting the absorption and radi- _ 
ation of heat by vapours and permanent gases constitute important additions 
to our knowledge. The extreme delicacy of his experiments and the remark- 
able distinctness of their results render them beautiful examples of physical 
research. They are of great value as affording further illustrations of the 
vibratory actions in matter which constitute heat; but it is in connexion with 
the science of meteorology that they chiefly command our attention. From 
these experiments we learn that the minute quantity of water suspended as 
invisible vapour in the atmosphere acts as a warm clothing to the earth. The’ 
eficacy of this vapour in arresting heat is, in comparison with that of air, 
perfectly astounding. Although the atmosphere contains on-an average 
but one particle of aqueous vapour to 200 of air, yet that single par- 
ticle absorbs 80 times as much heat as the collective 200 particles of air. 
Remove, says Professor Tyndall, for a single summer night, the aqueous 
vapour from the air which overspreads this country, and you would assuredly 
destroy every plant incapable of bearing extreme cold, The warmth of our 
fields and gardens would pour itself unrequited into space, and the sun would 
rise upon an island held fast in the grip of frost. Many meteorological phe- 
nomena receive a feasible explanation from these investigations, which are 
probably destined to throw further light upon the functions of our atmosphere. 

Few sciences have more practical value than meteorology, and there are 
few of which we as yet know so little. Nothing would contribute more to 
the saving of life and property, and to augmenting the general wealth of the 
world, than the ability to foresee with certainty impending changes of the 
Weather. At present our means of doing so are exceedingly imperfect, but, 
such as they are, they have been employed with considerable effect by 
Admiral FitzRoy in warning mariners of the probable approach of storms. 
We may hope that so good an object will be effected with more unvarying 
success when we attain a bétter knowledge of the causes by which wind and 
rain, heat and cold are determined. The balloon explorations conducted 
with so much intrepidity by Mr. Glaisher, under the auspices of the British 
Association, may perhaps in some degree assist in enlightening us upon 
these important subjects. We have learnt from Mr. Glaisher’s observations 
that the decrease of temperature with elevation does not follow the law pre- 
Viously assumed of 1° in 300 feet, and that in fact it follows no definite law 
stall, Mr. Glaisher appears also to have ascertained the interesting fact 
that rain is only precipitated when cloud exists in a double layer. Rain- 
drope, he has found, diminish in size with elevation, merging into wet mist 
and ultimately into dry fog. Mr. Glaisher met with snow for a mile in 
thickness below rain, which is at variance with our preconceived ideas. He 
has also rendered good service by testing the efficiency of various instruments 
at heights which cannot be visited without personal danger. 

The facility now given to the transmission of intelligence and the inter- 

change of thought is one of the most remarkable features of the present 
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age. Cheap and rapid postage to all parts of the world—paper and printing 
reduced to the lowest possible cost—electric telegraphs between nation and 
nation, town and town, and now even (thanks to the beautiful inventions of 
Professor Wheatstone) between house and house—all contribute to aid that 
commerce of ideas by which wealth and knowledge are augmented. But 
while so much facility is given to mental communication by new measures 
and new inventions, the fundamental art of expressing thought by written 
bols remains as imperfect now as it has been for centuries past. It seems 
strange that while we actually possess a system of shorthand by which words 
can be recorded as rapidly as they can be spoken, we should persist in writing 
a slow and laborious longhand. It is intelligible that grown-up persons who 
have. acquired the present conventional art of writing should be reluctant to 
incur the labour of mastering a better system ; but there can be no reason why 
the rising generation should not be instructed in a method of writing more in 
accordance with the activity of mind which now prevails. Even without 
going so far as to adopt for ordinary use a complete system of stenography, 
. Which it is not easy to acquire, we might greatly abridge the time and labour 
of writing by the recognition of a few simple signs to express the syllables 
which are of most frequent occurrence in our language. Our words are in a 
great measare made up of such syllables as com, con, tion, ing, able, ain, ent, 
est, ance, &c. These we are now obliged to write out over and over again, 83 
if time and labour expended in what may be termed visual speech were of no 
importance. Neither has our written character the advantage of distinctness 
to recommend it: it is only necessary to write such a word as “ minimum” 
or “ammunition” to become aware of the want of sufficient difference be- 
tween the letters we employ. 1 refrain from enlarging on this subject, 
because I conceive that it belongs to social more than to physical science, 
although the boundary which separates the two is sufficiently indistinct to 
permit of my alluding to it in the hope of procuring for it the attention 
which its importance deserves. 

Another subject of a social character which demands our consideration is 
the much-debated question of weights and measures. Whatever difference of 
opinion there may be as to the comparative merits of decimal and duodecimal 
division, there can, at all events, be none as to the importance of assimilating 
the systems of measurement in different countries. Science suffers by the 
want of uniformity, because valuable observations made in one country are in 
a great measure lost to another from the labour required to convert a series 
of quantities into new denominations. International commerce is also im- 
peded by the same cause, which is productive of constant inconvenience and 
frequent mistake. It is much to be regretted that two standards of measure 
so nearly alike as the English yard and the French metre should not be made 
absolutely identical. The metric system has already been adopted by other 
nations besides France, and is the only one which has any chance of becoming 
universal. We in England, therefore, have no alternative but to conform 
with France, if we desire general uniformity. The change might easily be 
introduced in scientific literature, and in that case it would probably 
extend itself by degrees amongst the commercial classes without much 
legislative pressure. Besides the advantage which would thus be gained 
in regard to uniformity, I am convinced that the adoption of the decimal 
division of the French scale would be attended with great convenience, 
both in science and commerce. I can speak from personal experience ° 
the superiority of decimal measurement in all cases where socuracy 18 Te- 
quired in mechanical construetion. In the Elswick Works, as well a5 2 


ADDRESS. bani 


some other large establishments of the same description, the inch is adopted 
as the unit, and all fractional parts are expressed in decimals. No difficulty 
has been experienced in habituating the workmen to the use of this method, 
and it has greatly contributed to precision of workmanship. The inch, how- 
ever, 18 too small a unit, and it would be advantageous to substitute the metre 
if general concurrence could be obtained. As to our thermometric scale, it 
was originally founded in error; it is also most inconvenient in division, 
snd ought at once to be abandoned in favour of the Centigrade scale. The 
recognition of the metric system and of the Centigrade scale by the numerous 
men of science composing the British Association, would be a most important 
step towards effecting that universal adoption of the French standards in this 
country which sooner or later will inevitably take place; and the Association 
in its collective capacity might take the lead in this good work, by excluding 
in fature all other standards from their published proceedings. 

The recent discovery of the source of the Nile by Captains Speke and 
Grant has solved a problem in geography which has been a subject of specu- 
lation from the earliest ages. It is an honour to England that this interest- 
ing discovery has been made by two of her sons, and the British Association, 
which is accustomed to value every addition to knowledge for its own sake, 
whether or not it be attended with any immediate utility, will at once appre- 
ciate the importanee of the discovery and the courage and devotion by which 
it has been accomplished. The Royal Geographical Society, under the able 
presidency of Sir Roderick Murchison, was chiefly instrumental in procuring 
the organisation of the expedition which has resulted in this great achieve- 
ment, and the success of the Society’s labours in connexion with this and 
uther cases of African exploration shows how much good may be effected by 
associations for the promotion of scientific objects. 

The seience of organic life has of late years been making great and rapid 
strides, and it is gratifying to observe that researches both in zoology and 
botany are characterized in the present day by great accuracy and elaboration. 
Investigations patiently conducted upon true inductive principles cannot fail 
eventually to elicit the hidden laws which govern the animated world. Neither 
is there any lack of bold speculation contemporaneously with this painstaking 
spint of inquiry. The remarkable work of Mr. Darwin promulgating the 
doctrine of natural selection has produced a profound sensation. The novelty 
of this ingenious theory, the eminence of its author, and his masterly treat- 
ment of the subject have perhaps combined to excite more enthusiasm in its 
favour than is consistent with that dispassionate spirit which it is so necessary 
to preserve in the pursuit of truth. Mr. Darwin’s views have not passed 
unchallenged, and the arguments both for and against have been urged with 
great vigour by the supporters and opponents of the theory. Where good 
reasons can be shown on both sides of a question, the truth is generally to be 
found between the two extremes. In the present instance we may without 
difficulty suppose it to have been part of the great scheme of creation that 
natural selection should be permitted to determine variations amounting even 
to specific differences where those differences were matters of degree; but 
when natural selection is adduced as a cause adequate to explain the produc- 
hon of a new organ not provided for in original creation, the hypothesis must 
appear, to common apprehensions, to be pushed beyond the limits of reasonable 

conjecture. The Darwinian theory, when fully enunciated, founds the pedi- 
gree of living nature upon the most elementary form of vitalized matter. One 
step further would carry us back, without greater violence to probability, to in- 
organic rudiments, and then we should be called upon to recognise in ourselves, 
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and in the exquisite elaborations of the animal and vegetable kingdoms, the 
ultimate results of mere material forces left free to follow their own unguided 
tendencies. Surely our minds would in that case be more oppressed with a 
sense of the miraculous than they now are in attributing the wondrous things 
around us to the creative hand of a Groat presiding Intelligence. 

The evidences bearing upon the antiquity of man have been recently pro- 
duced in a collected and most logically-treated form by Sir Charles Lyell. It 
seems no longer possible to doubt that the human race has existed on the 
earth in a barbarian state for a period far exceeding the limit of historical 
record ; but notwithstanding this great antiquity, the proofs still remain un- 
altered that man is the latest as well as the noblest work of God. 

I will not run the risk of wearying this assembly by extending my remarks 
to other branches of science. In conclusion I will express a hope that when 
the time again comes round to receive the British Association in this town, its 
members will find the interval to have been as fruitful as the corresponding 
period on which we now look back. The tendency of progress is to quicken 
progress, because every acquisition in science is so much vantage ground for 
fresh attainment. We may expect, therefore, to increase our speed as we 
struggle forward; but however high we climb in the pursuit of knowledge we 
shall still see heights above us, and the more we extend our view, the more 
conscious we shall be of the immensity which lies beyond. 


THE STATE OF SCIENCE. 


Report on the Application of Gun-cotton to Warlike purposes. By a 
Committee, consisting of J. H. Guapstone, Ph.D., F.R.S., Prof. W. 
A. Mittrr, M.D., F.R.S., and Prof. E. Frankianp, Ph.D., F.R.S., 
from Section B.; and W. Farrsairn, LL.D., F.R.S., Joszrn 
Warrworrs, F.R.S., James Nasmytu, C.E., F.R.A.S., J. Scorr 
Russert, C.H., F.R.S., Joun ANDERSON, C.E., and Sir W. G. 
Arustrone, C.B., LL.D., F.R.S., from Section G. 


Stsce the invention of gun-cotton by Professor Schinbein of Basle, the 
thoughts of many have been directed to its application to warlike purposes. 
Many trials and experiments have been made, especially by the French 
Government ; but such serious difficulties and objections presented themselves, 
that the idea seemed to be abandoned in every country but one. That 
country was Austria. From time to time accounts reached England of its 
partial adoption in the Austrian service—though no explanation was afforded 
of the mode in which the difficulties had been overcome, or the extent to 
which these attempts had been successful. ; 

This was the state of the case when the present Committee was appointed. 
_ During the year your Committee have been put in possession of the fullest 
information on the subject, mainly from two sources, F. A. Abel, Eeq., F.R.8., 
the Chemist to the War Department, and Baron William von Lenk, Major- 
General of the Austrian Artillery, who is the inventor of the system by which 
gun-cotton is made practically available for warlike purposes. ; 

Mr. Abel, by permission of the Secretary of State for War, has communi- 
tated the information given by the Austrian Government to the Government 
of this country, and the results which he has himself arrived at during the 
course of an elaborate scrics of experiments. _. 

i von Lenk, on the invitation of your Committee, and by permission 
of the Emperor of Austria, paid a visit to this country, with the object of 
answering any inquiries the Committee might make, and explaining his sys- 
tem thoronghly ; and for this purpose he brought over drawings and samples 
from the Imperial factory. 2 
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In addition to these principal sources of information, your Committee woul 
mention the services rendered by two of their own number. Prof. Frank 
land was able to corroborate by his own experiments most of the statement 
made in the earlier communications of Mr. Abel. Mr. Whitworth has mad 
experiments on the application of gun-cotton in mines, and has sent over t 
Austria rifles and ammunition, to be experimented with by Baron von Lenk 
with a view of obtaining results, which he has promised to communicate t 
the Committee. 

The following documents form part of this Report, and contain the infor 
mation received. 

I. Report by Mr. Abel, received February 1863, on the system of manu. 
facture of gun-cotton, as carried on in the Imperial Austrian Establishment 

II. Report by Mr. Abel, dated February 20th, 1868, on the composition 
and some properties, of specimens of gun-cotton prepared at the Austriar 
Government Works. 

III. Memorandum by Mr. Abel, with reference to experiments in progres: 
bearing upon the manufacture of gun-cotton. Received August 27th, 1863 

IY. General von Lenk’s replies to the questions put to him at the Meetings 
of June 22 and July 14. 

VY. Extracts from a report on Baren Lenk’s gun-cotton by Profs. Redten- 
bacher, Schrotter, and Schneider. Dated June 1863. 

On the data afforded by these documents, and other information com- 
municated personally by Baron Lenk, your Committee have founded their 
present Report. It must therefore be regarded in the light of a preliminary 
inquiry. Should the Committee be reappointed, they will be happy to un- 
dertake some experiments with the view of clearing up those points which 
are still more or less obscure. 

These communications are broken into paragraphs, which are numbered 
for convenience of reference ; those of Mr. Abel are indicated by the letter 
A, those of Baron Lenk are distinguished by the letter L, whilst the extracts 
from the Austrian chemists are marked C. 

The following is a summary of the more important matters referred to in 
this evidence, with the main conclusions which your Committee have drawn 
from them. The subject may naturally be divided iftto two parts, the che- 
mical and the mechanical. 


1. Chemecal Considerations. 7 


Under this head are included the manufacture of the gun-cotton itself, and 
.the answers to such inquiries as those which refer to its liability, or non- 
liability, to deterioration by keeping, the possibility of its spontaneous decom- 
position, and the nature and effects of the products into which it is resolved 
on explosion. 

' As to the chemical nature of the material itself, Baron Lenk’s gun-cotton 
differs from the gun-cotton generally made, in its complete conversion into a 
-uniform chemical compound. It is well known to chemists that, when cotton 
is treated with mixtures of strong nitric.and sulphuric acids, compounds may 
be obtained varying considerably in composition, though they all contain the 
elements of the nitric acid, and .are all explosive. The most complete com- 
bination, or product of substitution, is that described by Mr. Hadow as 
C,,H,, (9NO,)0,,, which is identical with that termed by the Austrian chemists 
Trinitrocellulose, C,, H, (8 NO,)0O,,. (C. 2.) This is of no use whatever for 
making collodion, but it is Baron Lenk’s gun-cotton, and he secures its pro- 
duction by several precautions. Of these the most important are— . 
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ist. The cleansing and perfect desiccation of the cotton, as a preliminary 
to its immersion in the acids. 

fad. The employment of the strongest acids attainable in commerce. 

ard. The steeping of the cotton in a fresh strong mixture of acids, after 
its fret nnmersion and partial conversion into gun-cotton. 

4th. The continuance of the steeping for forty-eight hours. 

Sth. The thorough purification of the gun-cotton so produced, from every 
trace of free acid. This is secured by its being washed in a stream of water 
for several weeks. Subsequently a weak solution of potash may be used, but 
this is not essential. 

The prolonged continuance of these processes appears at first sight super- 
fuous, but it is really essential ; for each cotton-fibre is a long narrow tube, 
cften twisted and even doubled up, and the acid has first to penetrate into the 
very furthest depths of these tubes, and afterwards has to be soaked out of 
them. Hence the necessity of time. It seems to have been mainly from 
want of these precautions that the gun-cotton experimented on by the French 
Commission gave irregular and unsatisfactory results. (C. 1.) 

From the evidence before the Committee, it appears that this highest 
uitro-compound, when thoroughly free from acid, is not liable to some of the 
cyyections which have been urged against that mixture of compounds which 
hes been usually employed for experiments on gun-cotton. 

Theee advantages may be classed as follows :— 

lst. It is of uniform composition, and thus the force of the gases generated 
ca explosion may be accurately estimated. (0. 2.) 

2nd. It will not ignite .till raised to a temperature of at least 136° C. 
(277° F.), a heat which does not occur unless artificially produced by means 
which would render gunpowder itself liable to ignition. (C. 5.) ; 

Sard. It is almost absolutely free from ash when exploded in a confined 


Fpece. 

4th. It has a very marked superiority in stability over other forms of gun- 
eotton. It has been kept unaltered for fifteen years, and is not liable to 
that spontaneous slow decomposition which is known to render lower products 
«.tthless after a short time. (C. 4,6.) Yet there are still some reasons for 
<uzpecting that even the gun-cotton produced at the Imperial works suffers 
“me gradual deterioration, especially when exposed to the sunlight. (A. 20, 
C. 3.) a 

The details of the process of manufacture at Hirtenberg are given at length 
im Mr. Abel’s first report, in General von Lenk’s replies (L. 21), and in a 
patent (No. 1090) taken out by Mr. Thomas Wood Gray, and sealed Oct. 10, 
1s62 


The course of proceeding recently adopted at the Royal Gunpowder 
Works, Waltham Abbey, is fully described in Mr. Abel’s third memorandum. 
(A. 10-16. 

There is one part of the process not yet alluded to, and the value of which 
¥ more open to doubt, namely, tho treatment of the gun-cotton with a solu- 
ten of silicate of potash, commonly called water-glass. Mr. Abel (A. 15) 
and the Austrian chemists think lightly of it; but Baron Lenk considers 
that the amount of silica set free on the cotton by the carbonic acid of the 

atmosphere is really of service in retarding the combustion. He adds that 
ame of the gan-cotton made at the Austrian Imperial Works has not been 
kated at all, and some but imperfectly; but when the process has been 
Seaghly performed, he finds that the gun-cotton has increased permanently 
shut 3 per cent. in weight. A piece of one of the samples left, by the 
B 
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General was indeed found to contain 2:33 per cent. of mineral matter, con- 
sisting chiefly of silica*®. 

Much apprehension has been felt about the effect of the gases produced by 
the explosion of gun-cotton. It has been stated that both nitrous fumes and 
prussic acid are among these gases, and that the one would corrode the gun, 
and the other poison the artillerymen. Now, though it is true that from 
some kinds of gun-cotton, or by some methods of decomposition, one or both 
of these gases may be produced, the results of the explosion of the Austrian 
gun-cotton, without access of air, are found by Karolyi to contain neither of 
these, but to consist of nitrogen, carbonic acid, carbonic oxide, water, and a 
little hydrogen, and light carburetted hydrogen. (C. 7.) These are compara- 
tively innocuous; and it is distinctly in evidence that practically the gun is 
less injured by repeated charges of gun-cotton than of gunpowder, and that 
the men in casemates suffer less from its fumes, (L. 13.) The importance of 
this latter property in a fortress, or a ship, will be at once apparent. 

It seems a disadvantage of this material as compared with gunpowder that it 
explodes at a lower temperature, possibly at 136°C (277° F.); but against the 
greater liability to accident arising from this cause may be set the greatly 
diminished risk of explosion during the process of manufacture, since the gun- 
cotton is always immersed in liquid, except in the final drying; and that 
may be performed, if desirable, at the ordinary temperature of the air. Again, 
if it should be considered advisable at any time, it may be stored in water, 
and only dried in small quantities when required for use. 

The fact that gun-cotton is not injured by damp like gunpowder, is indeed 
one of its recommendations. It is not even so liable to absorb moisture from 
the atmosphere, 2 per cent. being the usual amount of hygroscopic moisture 
found init; and should that quantity be increased through any extraordinary 
conditions of the air, the gun-cotton speedily parts with its excess of mois- 
ture when the air returns to its ordinary state of dryness. (A. 5 & 8.) 

But a still more important chemical advantage which gun-cotton possesses, 
arises from its being perfectly resolved into gases on explosion, so that there 
is no smoke to obscure the sight of the soldier who is firing, or to point out 
his position to the enemy; and no residue left in the gun to be got rid of 
before another charge can be introduced, 


2. Mechanical Considerations. 


At the outset of this inquiry the Mechanical Members of the Committeo 
found it difficult to believe that greater effects are produced by a given volume 
of gases generated from gun-cotton than by an cqual volume of gases 
gencrated from gunpowder ; nevertheless, from the facts as brought before 
the Committee, such contradiction would at first sight appear to exist. 

The great waste of force in gunpowder constitutes an important difference 
between it and gun-cotton, in which there is no waste. According 
to the experiments of Bunsen and Schischkoff+, the waste in gunpowder 
is 68 per cent. of its own weight, and only 32 per cent. is useful. This 
68 per cent. is not only waste in itself, but it wastes the power of the 
remaining 32 per cent. It wastes it mechanically, by using up a large por- 


| 


tion of the mechanical force of the useful gases. The waste of gunpowder | 


issucs from the gun with much higher velocity than the projectile; and if it 


* Two combustions of it, made by Dr. Gladstone, gave respectively 2°27 and 2°4 per 
cent. of ash. It was mainly insoluble silica in a state of very fine division, but acids 
dissolved out of it an appreciablo amount of lime, 

t Pogg. Annal. 4th Series, vol. xii. p. 131. 


ON THE APPLICATION OF GUN-COTTON TO WARLIKE PURPOSES. 5 


be remembered that in 100 Ibs. of useful gunpowder this is 68 Ibs., it will 
appear that a portion of the 32 lbs. of useful ganpowder gas must be employed 
in impelling a 68 lb. shot composed of the refuse of gunpowder itself. 

There is yet another peculiar feature of gun-cotton : it can be exploded in 
any quantity instantaneously. This was once considered its great fault; but 
it was only a fault when we were ignorant of the means to make that velocity 
anything we pleased. General von Lenk has discovered the means of giving 
gun-cotton any velocity of explosion that is required, by merely varying the 
mechanical arrangements under which it is used. Gun-cotton in his hands 
has any speed of explosion, from 1 foot per second to 1 foot in yjy5 of a 
second, or to instantaneity. The instantaneous explosion of a large quantity 
of gun-cotton is made use of when it is required to produce destructive effects 
on the surrounding material. The slow combustion is made use of when it 
is required to produce manageable power, as in the case of gunnery. It is 
plain, therefore, that if we can explode a large mass instantaneously, we get 
out of the gases so exploded the greatest possible power, because all the gas 
is generated before motion commences, and this is the condition of maximum 
effect. It is found that the condition necessary to produce instantaneous 
and complete explosion is the absolute perfection of closeness of the chamber 
containing the gun-cotton. The reason of this is, that the first ignited gases 
must penetrate the whole mass of the cotton; ahd this they do (and create 
complete ignition throughout) only under pressure. This pressure need not 
be great. For example, a barrel-load of gun-cotton will produce little effect 
and very slow combustion when out of the barrel, but instantaneous and 
powerful explosion when shut up within it. 

On the other hand, if we desire gun-cotton to produce mechanical work and 
not destruction of materials, we must provide for its slower combustion. It 
must be distributed and opened out mechanically, so as to occupy a larger 
space, and in this state it can be made to act even more slowly than gun- 
powder; and the exact limit for purposes of artillery General von Lenk has 
found by critical experiments. In general it is found that the proportion of 
11 Ibs, of gun-cotton, occupying 1 cubic foot of space, produces a greater 
force than gunpowder (of which from 50 to 60 lbs. occupy the same space), 
and a force of the nature required for ordinary artillery. But each gun and 
each kind of projectile requires a certain density of cartridge. Practically 
gun-cotton is most effective in guns when used as } to 4 weight of powder, 
and occupying a space of 1,),th of the length of the powder cartridge, and 
of such density that 11 lbs. occupy a cubic foot. 

The mechanical structure of the cartridge is of high importance, as affecting 
its ignition. ‘The cartridge is formed of a mechanical arrangement of spun 
cords; and the distribution of these, the place and manner of ignition, the 
form and proportion of the cartridge, all affect the time of complete ignition. 
(A. 19, L. 22.) It is by the complete mastery he has gained over all these 
minute points that General Lenk is enabled to give to the action of gun- 
eotton on the projectile any law of force he pleases. 

Even at the present high price of cotton, its cost of production is said 
to be less than that of gunpowder, the price of quantities being compared 
which will produce equal effects. (L. 20.) 

Practical Applications. 
Gun-cotton is used for artillery in the form of thread or spun yarn. In 


this simple form it will conduct combustion slowly in the open air at a 
rato of not more than 1 foot per second, This thread is woven into a 
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texture or ciroular web. These webs are made of various diameters; and it 
is out of these webs that common rifle cartridges are made, merely by cutting 
them into the proper lengths, and enclosing them in stiff cylinders of paste- 
board, which form the cartridge. In this shape its combustion in the open 
air takes place at a speed of 10 feet per second. In these cylindrical webs 
it is also used to fill explosive shells, as it oan be conveniently employed in 
this shape to pass in through the neck of the shell. Gun-ootton thread is 
spun into ropes in the usual way, up to 2 inches diameter, hollow in the 
centre. This is the form used for blasting and mining purposes; it combines 
great density with speedy explosion, and in this form it is conveniently coiled 
in casks and stowed in boxes. The gun-cotton yarn is used directly to form 
cartridges for large guns, by being wound round a bobbin, so as to form 
a spindle like that used in spinning-mills. The bobbin is a hollow tube 
of paper or wood. The object of the wooden rod is to secure in all oases the 
necessary length of chamber in the gun required for the most effective 
explosion. The gun-cotton circular web is enclosed in tubes of india-rubber 
cloth to form a match-line, in which form it is most convenient, and travels 
with speed and certainty. 

Conveyance and storage of gun-cotton.—It results from the foregoing facts 
that 1 lb. of gun-cotton produces the effect of more than 3 lbs. of gunpowder 
in artillery. This is a material advantage, whether it be carried by men, by 
horses, or in waggons. It may be placed in store and preserved with great 
safety. (L.7,&16.) The danger from explosion does not arise until it is con- 
fined, as it simply burns intensely in the open air. It may become damp, and 
even perfectly wet without injury, and may be dried by mere exposure to the 
air. This is of great value in ships of war; and in case of danger from fire, 
the magazine may be submerged without injury. 

Practical use in artillery.—It is easy to gather from the foregoing general 
facts how gun-cotton keeps the gun clean, and requires less windage, and 
therefore performs much better in continuous firing. In gunpowder there is 
68 per cent. of refuse, or the matter of fouling. In gun-cofton there is no 
residuum, and therefore no fouling. 

Experiments made by the Austrian Committee proved that 100 rounds 
could be fired with gun~cotton against 30 rounds of gunpowder. 

In firing ordnance with gun-ocotton, the gun does not heat to any important 
extent. Experiments showed that 100 rounds were fired with a 6-pounder 
in 34 minutes, and the gun was raised by gun-cotton to only 122° Fahrenheit, 
whilst 100 rounds with gunpowder took 100 minutes, and raised the tem- 
perature to such a degree that water was instantly evaporated. The firing 
with the gunpowder was therefore discontinued; but the rapid firing with 
the gun-cotton was continued up to 180 rounds without any inconvenience. 
(L. 9.) The absence of fouling allows all the mechanism of a gun to have 
more exactness than where allowance is made for fouling. The absence of 
smoke promotes rapid firing and exact aim. 

The fact of smaller recoil from a gun charged with gun-cotton is established 
by direct experiment; its value is two-thirds of the recoil from gunpowder 
—the projectile effect being equal, (L. 5.) To understand this may not be 
easy. The waste of the solids of gunpowder accounts for one part of the 
saving, ain 100 lbs. of gunpowder 68 lbs. have to be projected in addition 
to the shot, and at much higher speed. The remainder General von Lenk 
attributes to the different.law of combustion; but the fact is established. 

The comparative advantage of gun-cotton and gunpowder for producing 
high velocities is shown in the following experiment with a Krupp’s cat 
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steel gun, 6-pounder. An ordinary c charge, 30 ounces powder, produced 
1338 feet per second. A charge of 13} oz. gun-ootton produced 1563 feet. 

The comparative advantage in shortness of gun is shown in the following. 
expetiments with a 12-pounder :— 


Charge. ngth of gun. Velocity. 

Gunpowder .............. 49:0 oz.* 134 calibres. 1400 
Gun-cotton .............. 15:9 ,, 10 - 1426 
99 we cece ee ene 17-0 ,, 9 ” 1402 


Advantage in weight of gun.—The fact of the recoil being less, in the ratio 
of 2: 3, enables a less weight of gun to be employed as well as a ‘shorter gan, 
without the disadvantage to practice arising from lightness of gun. (L. 5.) 

Eadurance of gun.— Bronze and cast iron guns have been fired 1000 rounds 
without in the least affecting the endurance of the gun 

Apphostion to destructive explosions. Explosion : af Shelle—From some 

difference in the action of gun-cotton, there is an extraordinary 
difference of result as compared with gunpowder; namely, the same shell is 
exploded by the same quantity of gas into more than double the number of 
paocee, This is partly to be accounted for by the greater velocity of explosion 
when the gun-cotton is confined very closely in very small spaces, It is also 
a pecaharity, that the stronger the shell the smaller the fragments into which 
% ws broken. (L. 17.) 

Mining uses.—The fact that the action of gun-cotton is violent and rapid 
m2 exact proportion to the resistance it encounters, tells us the secret of its far 
higher efficacy in mining than gunpowder. The stronger the rock the less 
gun-cotton comparatively with gunpowder is necessary for the effect; so 
mech so that, while gun-cotton is stronger than powder as 3 to 1 in artil- 
lery, it is stronger in the proportion of 6-274: 1 in a strong and solid rock, 
weght for weight. It is the hollow rope form which is used for blasting. 
It power of sphtting up the material can be regulated at will. 

Agemst the gates of a aty.—It is a well-known fact that a bag of gun- 
powder nailed on the gates of a city will blow them open, In this case 
gun-eotton would fail; a bag of gun-cotton exploded in the same way is 
powerless. If 1 ounce of gunpowder is exploded in scales the balance is 

thrown down ; with an equal force of gun-cotton the scale-pan is not de- 
premed. To blow up the gates of a city, a very few pounds of gun-cotton 
earried in the hand of a single man will be sufficient; only he must know its 
nature. In a bag it is harmless; exploded in a box it will ahatter the gates 
to atoms. 

Agama the palisades of a fortification.—A small square box containing 
25 the merely fang down, close to’them, will open a postage for troops. In 
an actual experiment on palisades a foot diameter and 8 feet high, driven 3 
feet imto the ground, backed by a second row of 8 inches diameter, a box of 
2 Ibs. ent a clean opening 9 feet wide. On this three times the weight of 
gunpowder produced no effect whatever, except to blacken the piles, 

bridges.—A strong bridge of oak, 12 inchea scantling, 24 feet span, 
wes shattered te atoms by a small box of 25 Ibs. laid on ita centre : the bridge 
was not broken, it was shivered. 

Under water.—Two tiers of piles 10 inches thick, in water 13 feet deep, 
With stones between them, were blown up by a barrel of 100 Ibs. ‘gon-cotton 
placed 3 feet from the face, and 8 feet under water. It made a clean sweep 
twagh a radius of 16 feet, and raised the water 200 feet. In Venice, a 


* Ordinary charge of powder. 
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barrel of 400 Ibs, placed near a sloop in 10 feet water at 18 feet distance, 
shattered it to pieces and threw tho fragments to a height of 400 feet. 

All experiments made by the Austrian Artillery Committee were conducted 
on a grand scale—36 batteries of 6- and 12-pounders having been con- 
structed for gun-cotton, and practised with that material. The reports of 
tho Commissioners are all based on trials with ordnance from 6~pounders to 
48-pounders smooth-bore and rifled cannon. The trials with small fire- 
arms have been comparatively few, and are not reported on. The trials 
for blasting and mining purposes were also made on a large scale by tho 
Imperial Engineers Committee, and several reports have been made on the 
subject. 

The Committee desire to put upon record their conviction that the subject 
has neither chemically nor mechanically received the thorough investigation 
which it deserves. There remain many exact measures still to be made, and 
many important data to be obtained. The phenomena attending the explo- 
sion of both gun-cotton and gunpowder have to be investigated, both as to 
the temperatures generated in the act of explosion, and the nature of the 
compounds which result from them under circumstances strictly analogous 
to those which occur in artillery practice; and until these are accurately 
ascertained, it is impossible to reconcile the apparent contradictions between 
the mechanical phenomena which result from the employment of gun-cotton 
gases and gunpowder gases, when employed to do the same kind of me- 
chanical work. 


APPENDIX. 


I.—System of Manufacture of Gun-cotton as carried on in the Imperial Austrian 
Establishment. By F. A. Asen, F.R.S. 


(1) The cotton employed is of superior quality, tolerably free from seed ; 
it is carded loosely, twisted, and made up into skeins before conversion. The 
strands of the cotton composing the skeins are of two sizes—the larger being 
intended for cannon-cartridges, and the other for small-arm cartridges and 

ursters. 

(2) Preparatory Preparation of the Cotton—The cotton, made up into 
skeins weighing about 3 ounces each, is washed in a solution of pure carbo- 
nate of potassa of the specific gravity 1:02, being immersed in the boiling 
solution for a short time. Upon removal from the alkaline liquid, the skeins 
are placed in a centrifugal machine, by which the greater portion of the 
liquid is separated. The skeins are now washed in clear running water, 
either by allowing them to remain in it for three or four hours, or else by 
washing each skein by hand for a few minutes. They are then again 
worked in a centrifugal machine and afterwards dried—in summer by the 
rays of the sun, but during winter in a drying-house heated by air-pipes to 
between 30° and 38° C. ; the latter plan usually takes four or five days. 

(3) Production of the Gun-cotton.—The nitric acid employed has a spec. grav. 
of 1:53, and the sulphuric acid a spec. grav. of 1:82. They are mixed in the 
proportion of three parts by weight of sulphuric acid and one part of mitric 
acid. 

Two skeins (about 6 ounces) of the cotton are immersed at one time in 
the mixed acids, and moved about for a few moments with iron paddles. 
They aro then raised upon a grating above the level of the acids and submitted 
to gentle pressure; thence they are tranaferred to covered stone jars, each © 
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which receives six skeins of known weight. Tho jars are then weighed, 
some of the mixed acids being added if necessary, to bring the proportion 
of acids up to 104 lbs. to 1 lb. of cotton. 

The jars are set aside for forty-cight hours in a cool place ; in summer they 
should be placed in cold water. When that period has elapsed, the acid is 
separated from the cotton as far as possible by means of a centrifugal machine, 
as before described. The men working the machine are protected from the 
fumes of the acids by a wooden partition. The acids removed from the 
cotton are not used again in the preparation of gun-cotton. 

The skeims of gun-cotton are at once removed from the centrifugal machine 
to perforated receptacles, which are immersed in a stream, where they are 
allowed to remain at least three weeks. Each skein is afterwards separately 
nnsed in the stream to remove mechanical impurities, and the water is then 
separated by the centrifugal machine. 

The gun-cotton is next submitted to treatment with a solution of carbonate 
of potassa, as in the preliminary process, and again washed after the alkaline 
hquid has been expressed. When the skeins have been allowed to dry 
tolerably by simple exposure to air, they are placed in a large wooden tub 
containing a solution of silicate of soda, the temperature of which is about 
15°C. This solution should have a specific gravity of 1:072, and is prepared 
as required from a solution of spec. grav. 1:216. The cotton remains one 
pour in the solution of silicate of soda, which is supposed to exercise two 

ctions :— 

(c) That of protecting the cotton by acting as a varnish upon the fibres. 

(6) That of retarding its combustion. 

Upon removal of the gun-cotton from the bath of water-glass, the liquid is 
partly expressed by hand, and afterwards more fully by means of the centri- 
fugal machine. The skeins must then be thoroughly dried. They are 
afterwards immersed in running water for five or six hours, and each skein 
subsequently washed by hand. The water having been extracted by tho 
centnfagal machine, the gun-cotton is removed to the drying-house, where it 
remains eight or ten days. Its manufacture is then completed. 

The gun-cotton is packed in ordinary deal boxes lined with paper, and kept 
in dry magazines until required to be made into cartridges, &c. 

Well-organized arrangements are employed for mixing the sulphuric and 
nite acids, immersing the cotton, and for conducting the various other opera- 
tions connected with the manufacture. 


Il—On the Composition, and some Properties, of Specimens of Gun-cotton pre- 
pared at the Austrian Government Works. By F. A. AnEt, F.RS. 


(4) Several specimens of gun-cotton prepared at the Imperial Factory at 
nberg near Vienna*, being the descriptions manufactured for cannon, 
for shells, and for small arms, were submitted to chemical examination, to 
determine the following points :— 
(a2) The proportion of hygroscopic moisture existing in them, under 
normal conditions. 
(6) The composition of the different specimens of gun-cotton. 
(c) The proportion and nature of their mincral constituents. 


(5) I. The proportion of moisture expelled from the samples of gun-cotton, 


* Several of these specimens were taken from ammunition, &c., which were being used 


at the time, for experimental practice, by the Austrian authorities. 
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by exposure to desiccation in vacuo over sulphuric acid, was very uniform. 
The specimens were examined both in the condition in which they were 
found on opening the parcel containing them, and after their exposure for 
some time to a temperate and moderately dry atmosphere. The mean pro- 
portion of hygroscopic moisture found in the gun-cotton was 2 per cent. 
Further ¢xperiments, relating to the hygroscopic properties of the gun-cotton, 
will be described hereafter. 

(6) II. The composition of the specimens of Austrian gun-cotton, 1. 6. the 
proportion of hydrogen-atoms which had been replaced, in the original cotton, 
by hyponitric acid, was determined by the synthetical method first employed 
by. Mr. Hadow, in his examination of the substitution-products obtained by 
the action of nitric acid upon cotton*. The dried specimens of gun-cotton 
were digested in the cold, for twenty-four hours, in an alcoholic solution — 
of sulphhydride of potassium (KS, HS), prepared as described by Mr. 
Hadow; and the reduced cotton thus obtained in each case was thoroughly ' 
washed and dried. These products, after weighing, were proved to be free 
from nitrogen-compounds, by the ignition of portions with hydrate of 
potassa, when no indications of the existence of nitrogen in the specimens 
were obtained. 

The percentage of cotton obtained by this synthetical method from four 
specimens of the gun-cotton were as follows :— 


I. 55-20 per cent. 
ITI. 55:07 per cent. 
III. 55°18 per cent. 
IV. 54:97 per cent. 


These results show, as might have been predicted from the method of 
treatment of the cotton adopted, that the products obtained at the Austrian 
works consist, very uniformly, of the most highly explosive variety of gun- 
cotton, represented by the formula C,, H,, O,,, 9 NO,, as is shown by a con- 
parison of the above numbers with Mr. Hadow’s results, and with the theo- 
retical percentage number :— 

By synthesis. ; 
—_—oOOT ~~ By analysis. By 
Cotton found in Hadow. Hadow. calculation. 
Austrian samples. 

55-20 
5507 5513 546 55:19 54-54 
58°13 
54:97 


(7) III. The proportions of non-volatile matter or ash contained in the 
specimens of gun-cotton were determined in the following manner. The 
weighed gun-cotton was thoroughly moistened with distilled water; it was 
then cut into small fragments, and these were projected from time to time 
into a deep platinum vessel heated to dull redness. In this manner the gut- 
cotton was decomposed very gradually, the expulsion of the volatile portions 
being placed under such complete control as to exclude the possibility of any 
mechanical dispersion of portions of the ash. The heat was finally raised 
sufficiently to burn off any small quantity of residual carbon. From the 
ash thus obtained, the proportion was calculated upon the dry gun-cotton. 
Results obtained by this method from several determinations, with the seme 


* Quart. Journ, Chem, Society, vol, vii. Pe 201. 
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specimen of gun~cotton, were closely concordant; but those furnished hy 
different specimens varied slightly, 

The following were the mean percentage results obtained ;— 


Per cont, 
(2) From a specimen of gun-cotton prepared for cannon ...... 1:14 
(5) From as specimen of gun-cotton prepared for amall arms and 
shells...... sete wees eee e ere e neces cece ee eeeees 0°42 


(c) From a specimen of gun-cotton prepared for blasting-purposes 1:90 

(This specimen was slightly discolored, made from a lower quality of 
cotton, and not so perfectly washed as (a) and (5).) 

The analysis of the ash furnished by the gun-cotton in these experiments, 
demonstrated the existence of some differences in the proportions of the 
sreral mineral constituents of the different specimens. The ash from (a) 
consisted 0: 


Silicic acid....... . 0-71 per cent, in the cotton. 
Lime ............ 0138 - ” 
Magnesia ........ trace 

Oxide of iron,..... trace 

Alkalies ........ 0:25 ,, . 


That furnished by specimen (}) consisted principally of lime; it contained 
besides traces of magnesia, oxide of iron, and alkalies, and only a small trace 
silicic acid, 


The ash from (¢) consisted of — 
Band and clay ...... 0:75 per cent. in the cotton. 
Silicie acid, soluble .. 0°53 ” » 
Lime eon ereoeenec eave 0:27 ” a3 
Alkalies .......... 0°30 ” ” 
Magnesia ........ 
Oxide of iron traces 
Sulphuric acid 


The ash was determined for comparison in 8 specimen of cotton obtained 
from the Austrian Works, which had been submitted to the preparatory 
purifying processes (treatment with carbonate of potassa and long-continued 
washing). The results obtained furnished a mean of 0-63 per cent. of ash, 
which consisted principally of lime and magnesia, and contained a emall pro- 
portion of insoluble matter (clay and sand), tracea of soluble. silicio acid, and 
6 alkalies, 


_ The above determinations and analyses of the ash in the-gun-cotton and 
in the unconverted cotton, show that no result of the slightest practical im- 
portance, in the direction supposed to be aimed at, is obtained by the treat- 
ment with solution of soluble glass, to which the purified gun-cotton is sub- 
mitted, aeoording to the Austrian system of manufacture.- - 

It is evident that, by the washing in running water for five or nix hours, 
and subsequent rinsing of each skein, after the treatment with silicate of 
soda, the proportion of the latter which had in the first instance been 
introduced into the cotton is again extracted, only traces being retained by 
the cotton, besides a very small proportion of silica ir the form of pulveru- 
lent silicate of lime, resulting from the decomposition of the soluble glass 
by the lime-salts in the spring- or river-water. It will be observed that, in 
specimen (b) of gun-cotton, the proportion of non-volatile constituents is 
actually even less than (uat.found in the purified but unconverted cotton,—ea 
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fact which is evidently due to the solvent action of the acids upon portions 
of the mineral matter in the cotton. In the place of the comparatively large 
proportions of lime and magnesia in the original cotton, the product which, 
after separation from the acids by very long-continued washing, &c., has 
been submitted to treatment wrth soluble glass and again washed, contains 
some small quantities (necessarily variable in a product of manufacture) of 
impurities (clay and sand) derived from the water used, and of silicic acid in 
combination with lime and also with soda, minute quantities of the soluble 
glass having escaped removal or decomposition in the final washing process. 
Supposing that the maximum proportion of silicates (1 per cent.) found in 
the above determinations existed entirely in the form of soluble glass in 
the finished gun-cotton, a piece of twist 12 feet 10 inches in length, and of 
the size used for Artillery purposes (4 inch thick), would contain only one 
grain of soluble glass. It is evident therefore that no protective effect nor 
retardation in the explosion of the gun-cotton can result from the treatment 
with soluble glass to which it is submitted. 


Experiments on the Hygroscopic Properties of the Austrian Gun-cotton. 


(8) It has already been stated that the proportion of moisture contained, 
under normal conditions, in the specimens of Austrian gun-cotton was found 
to be very uniform, the mean proportion being fixed at 2 per cent. by the 
results of several experiments. 

Some gun-cotton prepared from ordinary cotton-wool, and having the same 
composition as the Austrian samples—but not having been submitted to the 
preparatory or subsequent treatment with alkali, nor to the very long-coa- 
tinued washing—was examined with regard to its hygroscopic properties, 
in comparison with the Austrian gun-cotton. The proportion of moisture 
existing in the former, under ordinary conditions, was found to be almost 
identical with the average proportion in the Austrian samples, 

Some experiments were instituted to ascertain the rate at which the 
Austrian gun-cotton would absorb moisture, on exposure to a damp atmo- 
sphere. 

The specimens experimented with were first thoroughly dried in vac 
over sulphuric acid, and then exposed for successive periods, together with a 
shallow vessel containing water, under a capacious bell jar placed m 4 
moderately warm room. The following results were obtained :— 


Specimen. Period of exposure to a damp atmosphere. 
1 hr 2hre. 4 brs. 20 hrs. 


. 30 72 bre. 
No.1 .... 1:35 oe oe 3°15 7 3°87 
2.... 1:60 we 3:21 - 3°65 


Bissoe oe 1:89 2°15 - 3°55 -_ 
4....  .. 1:73 2-00 os 3°21 - 
5 177 221 .. - we 3°90 
These results show that the rate of absorption of moisture by the gun-cotton 
is uniformly rapid up to the point where 2 per cent. (the normal proportion 
of hygroscopic moisture) have been absorbed, and that, when this point has 
been attained, the absorption of further moisture proceeds comparatively 
very slowly*. Several experiments were made to determine, as far as possible, 
* Several determinations of the moisture in cotton rovings, both before and after tres!- 
ment with alkali (and repeated washing), show that the proportion of hygroscopic moles 


in the cotton amounts to between 6 and 7 per cent., this amount being reabeor 
dried cotton, within twenty-four hours, on exposure to air. 
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the maxes amount of moisture which the gun-cotton would absorb from a 

&imp confined atmosphere. The great rapidity with which the specimens 

operated upon parted with the water absorbed, on exposure to the ordinary 
aumosphere, after the experiments had been proceeded with for some days, 
redered the attainment of accurate numbers very difficult. The results, 
however, showed very definitely that no important increase in the amount 
d vater sheorbed took place when it had reached from 5°5 to 6 per cent. 
When these specimens had ceased to absorb moisture, they were, after the 
a waghing, exposed to the atmosphere at the ordinary temperature for 
we hor, and again weighed, when they were found to have parted with 
rey nearly one-half of the total proportion of water absorbed. After 
farther exposure to air for about four hours, the proportion of moisture re- 
umed had fallen to the average normal percentage (2 per cent.), and after- 
wards evinced no further tendency to decrease. 

Two specimens were kept confined as described, together with a vessel of 
water, for several weeks in a moderately warm room. The water had then 
-odensed, in numerous minute globules, upon the projecting filaments of tho 
=a-cotton ; the specimens were therefore very highly charged with mois- 
tare. In this condition they were exposed to the air at the ordinary tem- 
peratare; within one hour and a half they contained only about 4-5 per 
ent. of moisture. After the lapse of a second similar period, the moisture 
bad decrenned to about 3 per cent. (3:16 in one specimen and 2°78 in tho 
cher). When again weighed, after a lapse of about four hours, the percen- 
age of water had fallen, in both, to the average proportion. 

Experments corresponding to the above were made with the specimen of 
om-cotton referred to above as having been prepared from common cotton- 
wol The rate of absorption of moisture of this specimen was found to be 
decidedly more rapid than that of the Austrian gun-cotton ; but they very 
cosy resembled each other as regarded the rapidity with which they again 
parted, spontaneously, with the moisture absorbed from a damp atmosphere, 
and the average proportion ultimately retained. The differences noted in the 
rate of absorption of moisture between the two varieties of gun-cotton, is 
most probably due to the difference in their mechanical condition. Some of 
the specimens of Austrian gun-cotton used in these experiments were picked 
asunder, a8 loosely as possible, instead of being exposed in the form of twists ; 
the difference thus established in the mechanical condition of the specimens 
ad not affect, to any great extent, their relative hygroscopic properties. 
It was found impracticable, however, to reduce the gun-cotton rovings to the 
mune mechanical condition as the gun-cotton prepared from finely, carded 
wool, 

It appears from the results above described, that— 

(s) The proportion of moisture absorbed and retained, under ordinary 
arcumstances, by the gun-cotton, is about double that contained under similar 
comitions in good ganpowder (which averages one per cent.). 

\4) Gan-cotton possesses no tendency to absorb moisture beyond that'pro- 
prion, unless in very damp situations; and even under those circumstances 
t+ proportion of moisture absorbed is limited. Moreover its capacity for re- 
tame water (beyond the normal proportion) is so feeble that, however 
hghly it may have accidentally become impregnated with moisture, it will 
return spontaneously to its original condition of dryness by simple exposure 
tw the open air for a few hours. In these respects it possesses important 
edvantages over gunpowder ; for although the latter contains, under normal 
cunditions, leas moisture than gun-cotton, it exhibits great tendency to absorb 
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water from a moist atmosphere, which it continues to exert until it actually 
becomes pasty. Moreover gunpowder, when once damp, cannot be restored 
to a serviceable condition without being again submitted to the incorporating 
and subsequent processes. 


IIL.— Memorandum with reference to Experiments tn progress bearing upon the 
Ma tuctere of Gun-cotion. By F. A. Anrt, F.RS. (Recewed Aug. 23, 
1868). 

Experiments of a preliminary character. 

(9) The experiments on a manufacturing scale, instituted on the Austrian 
system of preparing gun-cotton for mili purposes, were preceded by an 
examination into some of the regulations laid down for the treatment of the 
cotton——the objects of these preliminary experiments being partly the attain- 
ment of direct proof of the necessity of a strict adherence to certain details 
(relating to the strength of the nitric acid, the duration of the treatment of 
the cotton with the mixed acids, and the rejection of the mixture after being 
once used), and partly the acquirement of experience in the treatment of 
the cotton. 

It was important, before proceeding with these experiments, to determine 
upon some method, both expeditions and trustworthy, for submitting the 
products of the numerous experimental preparations of gun-cotton to compara- 


tive examination with the highest substitution-product, ¢. ¢. the Austrian gun- — 


cotton. 

Mr. Hadow’s synthetical method of examination, which had been success- 
fully employed in determining the composition of the Austrian gun-cotton, 
though valuable for finally controlling the composition of any particular pro- 
duct, is not sufficiently expeditious for the particular object in view, ¢.¢. the 


examination of small samples from products of manufacture before their 


entire bulk is submitted to the final (purifying) processes *. 

The first method tried for submitting the products of manufacture to com- 
parative examination was as follows :—The weighed gun-cotton was soaked 
in water, the excess being afterwards expressed ; and it was then placed in 
a glass tube about 18 inches long and open at both ends. Into one extre- 
mity was fitted a delivery-tube, dipping into mercury or water; the other 
was connected with a gas-holder containing nitrogen; the communication 
between the latter and tho tube could be cut off by means of a stopcock. 
Air was expelled from the tube by means of the nitrogen, and the wet gun- 
cotton was then heated as quickly as possible by an Argand flame, the tube 
being slightly inclined. The gun-cotton was rapidly decomposed, though not 
with explosive violence; the gases issuing from the tubewere collected and mes- 
sured. The volume of gas furnished by different specimens of the Austrian 


* Many experiments were instituted with this method of examination, and it was found 
that although the results obtained corresponded closely to theoretical requirements, whea 
the starting-point in the examination was the gun-cotton, results of similar precision were 
not furnisleed by it when the original cotton iteelf was taken as the starting-point. That 
is to say, in commencing with a known weight of dry cotton, submitting it to proper treat- 
ment with the mixed acids, washing the product as carefully as possible, so as to svoid 
mechanical loss, drying the pure gun-cotton, digesting it with sulphhydride of potassium 
solution, and proceeding, with all possible care, exactly according to the prescripiions 
given by Mr. Hadow, the reduced cotton is always somewhat lower in amount than the 
cotton originally employed, the deficiency varying within the limits of I per cent. This 
deficiency is unquestionably due to the abstraction, by the mixed acids, of portions of 
the mineral constituents and of amall proportions of organic matter from the cotton, and 
also, to a slight extent, to mechanical loss in the washing operations, which it appears 1- 
possible to guard against altogether. 
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gun-cotton, and of several specimens of gun-cotton~twist prepared according 
to the prescribed method, were sufficiently uniform to furnish reliable com- 
perative results; bat the liability of the glass tube to fracture during the 
application of heat, by the water present, led to the abandonment of this 
method of proceeding in favour of the following more simple one. A capa- 
cious glass globe, fitted with a stopcock and copper wires passing to the 
interior, is attached to an air-pump, which is also in communication with the 
upper end of a barometric tube. A weighed quantity of the gun-cotton is 
wrapped round a platinum wire, stretching from one copper wire in the globe 
tothe other. The globe, being again attached to the air-pump, is exhausted 
until the mercury in the tube stands at about 29 inches. The gun-cotton is 
then inflamed by the aid of a voltaic current, and the depression of the column 
of mercury is noted when the apparatus has thoroughly cooled. By this 
method, perfectly concordant indications were obtained in employing dif- 
ferent specimens of the Austrian gun-cotton, and of products prepared ac- 
eording to the precise method for producing the most explosive gun-cotton, 
which had farnished proper results when examined synthetically *, 

Experiments have been made with quantities of cotton-wool varying 
from one to two ounces, to ascertain how far'the long-protracted contact (for 
forty-eight hours) of the cotton with the mixed acids, as prescribed in the 
Austnan system, is essential to the complete conversion of the cotton-wool 
into the most explosive gun-cotton. The products obtained by immersion 
of the cotton even for thirty minutes were found to be almost perfectly con- 
vetted; the voluxnes of gas furnished by them and their synthotical exami- 
nation showed, however, that they still probably contained small quantities 
of unconverted cotton. Continuous immersion for twenty-four hours was 
found in all cases to furnish products completely up to the theoretical standard. 
Considering that the quantity of cotton immersed in one quantity of acid 
in the actual process of manufacture is much more considerable than that with 
which these experiments could be made, and that it is in the form of skeins 
of a somewhat compact roving or yarn, it appears a safe and not unnecessary 
precaution, in order to ensure perfect uniformity, to submit the cotton to as 
long a period of immersion as that adopted in Austria. 

A considerable increase in outlay being involved in the employment, on a 
manufacturing scale, of a nitric acid of any specific gravity higher than 1:5, 
comparative experiments have been made on the production of gun-cotton 
with acid of that specific gravity, and of the spec. grav. 1:52 prescribed in the 
Austrian system f, both acids being mixed with the proper proportion of 
strong sulphuric acid. In all the experiments, the resulting products were 
found to be identical in their nature. Considering therefore that, acoord- 
ing to the directions laid down, the mixed acids are only to be employed for 
the treatment of one quantity of cotton, there appears to be no advantage 
anble from the employment of nitric acid of a higher specific gravity 

1:5. 

Several experiments have been instituted for the purpose of ascertaining 
whether the rejection of the acids as of no further value, after the immersion in 
them of one quantity of cotton, was likely to be indispensable to the produc- 
ton of uniform results. In one instance, four equal quantities of the same 

* In ing on iments to test the mode of examination, some in ing results 
Were obtained bearin i g importantly upon the influence exerted over the rapidity ant nature 
of decomposition of the gun-cotton Ms ite position relatively to the source of and by 
other vanable conditions. ‘These results have led to experiments now in progress. 

_* Asample of the nitric acid employed at Hirtenberg was collected on the spot ; its spe- 
cific gravity was found to be 1:515. 
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description of cotton were successively submitted for equal periods (forty- 
eight hours) to treatment with one and the same quantity of the mixed acids. 
The specific gravity of the latter, at the commencement of the experiment, 
was 1:82. The acid was separated from each quantity of the cotton at the 
expiration of the above period, by means of a small centrifugal machine. 
After two quantities of cotton had been immersed in the acid, its specific 
gravity was reduced to 1:31. The original mixed acids were examined by 
means of a standard solution of carbonate of soda; a known quantity of the 
mixture neutralized 148°3 measures of the solution. After immersion of the 
first quantity of cotton, 147-5 measures were neutralized by an equal quantity 
of the acid, and 146-3 measures after immersion of the second quantity of 
cotton, The reduction in the strength of the acid appeared therefore to be 
very uniform. ‘The four products successively obtained were carefully purified 
and dried. The volumes of gas which they furnished upon ignition cor- 
responded very closely with each other and with that obtained from a specimen 
of the Austrian gun-cotton. 

In a second similar experiment, five different quantities of cotton were 
submitted successively to treatment for forty-eight hours with one and the 
same mixture of acids. The first three products furnished, upon comparative 
examination by the exploding method, almost identical results; the fourth 
and fifth afforded indications of less complete conversion. Examined syn- 
thetically, there was a difference of not quite 1 per cent. between the amount 
of recovered cotton obtained from the first and the fifth products. 

The results of these experiments indicated, therefore, that products cor- 
responding closely in composition can be obtained by the treatment of even 
more than two quantities of cotton successively with the same acid. It 
should be observed, however, that the above results were obtained with 
cotton in the unspun condition, and that the proportion borne by the mixed 
acids to the cotton was higher than that prescribed in the Austrian system 
of manufacturo, 


Experiments instituted upon a manufacturing scale at the Royal Gunpowds 


Works, Waltham Abbey. 


(10) Very considerable difficulties were experienced in procuring the small — 


quantity of cotton (two to three cwts.) required for these experiments, in 2 
condition resembling sufficiently closely that employed at Hirtenberg, 18 1ts 
production in the form of the thick and the thin loose rovings, or yarn, ne- 
cessitated some deviation from the ordinary method of spinning, which it 
was difficult to induce manufacturers to attempt without the promise of an 
extensive order. Eventually I succeeded, through the kind assistance of Mr. 
Whitworth, in obtaining the requisite quantity of coarse and fine yarn 
roving, resembling closely in character, and quality of cotton, the specimens 
obtained from Hirtenberg, though in the subsequent operations with the 
coarse or thicker kind no inconsiderable proportion of it was found to be 
a much less compact or more lightly twisted form than the Austrian samples. 
The comparatively open condition of this portion, and the impossibility of 
placing it under a sufficient strain to wind it compactly into cartridges, 12 
consequence of the weakness of the yarn, must exert considerable influence 
upon the rapidity of its combustion in its employment in ordnance (as 8 few 
rough experiments at Waltham Abbey have indeed already shown): the 
gun-cotton prepared from these portions will therefore be carefully separated 
from the remainder, and will doubtless furnish instructive comparative 


$3 


ON THE APPLICATION OF GUN-COTTON TO WARLIK gyre ‘A% 1: - 


¥ ad se 


The acids of the preseribed specific gravities were readily } 
moderate prices—the sulphuric acid having a specific gravity of 1°84, and 
that of the n nitric acid (a light amber-coloured acid) being 1°52. 

The spparatus and implements employed, and the modes of conducting the 
various operations, were, as closely as practicable, in accordance with those in 
use at Hirtenberg—a slight deviation only, in the form or material of some 
of the implementa, being adopted where it was decidedly advantageous and 
could not in any way influence the nature of the results. The following 
1s an account of the details of manufacture :— 

(11) a. Preparation of the Cotton.—The cotton was made up into skeins, 
those of the stout yarn weighing from four to six ounces each, and those of 
fine yarn from three to four ounces. It was then boiled for about fifteen 
minutes in a dilute solution of carbonate of potassa (of specific gravity 1-02, 
containing one pound of the salt to three gallons of water), and transferred 
thence to a centrifugal machine, which was maintained for about five mi- 
nutes at a speed of 500 to 600 revolutions per minute. The alkaline liquid 
was thus very effectually separated from the cotton, which was then washed 
thoroughly, first by hand in a large tank, and afterwards by submersion in 
2 stream for forty-eight hours. At the expiration of that period, the water 
was separated from the skeins by the aid of the centrifugal machine, and the 
purified cotton was then dried. Although the cotton was of good quality and 
very fairly cleaned from seed (being quite equal in these respects to the Austrian 
samples), it was found to sustain a loss of about 5 per cent. by the treatment 
with alkali and washing. The potassa solution in which it was boiled 
acquired a coffee colour. Portions of seed were still retained by the purified 
cotton, which were subsequently dissolved out perfectly by the acids. 

(12) b. Preparation of the Acids.—The proportions of acids (three parts by 
weight, or 2°45 by volume, of sulphuric acid to one part of nitric acid) were 

weighed off and transferred to stoneware barrel-shaped vessels provided with 
taps, two of these receiving the sulphuric acid and a third the nitric acid. The 
barrels were so arranged upon a suitable table that the acids could be delivered 
from the taps into a deep and very capacious stoneware vessel, fitted with an iron 
lid with suitable apertures and a tap; this vessel was raised from the ground 
sufficiently to allow of the acids being transferred from it to well-stoppered 
stoneware bottles. While the acids were flowing slowly and uniformly from 
the barrels into the covered mixing-vessel, the resulting mixture was kept 
continuously stirred by means of a large iron paddle, and after they had been 
entirely transferred (which occupied about ten minutes), the stirring was 
continued for about twenty minutes before the mixture was drawn off into 
the bottles. The product of this operation had a specific gravity of 1-82. 
The elevation of temperature: resulting from the mixture of the acids was 
considerable ; in one observation the temperature of the acids before mixture 
was found to be 20° C., while that of the mixture, when complete, was 
38°C. The acid thus prepared was set aside in a cool place, and never em- 
ployed until at least twenty-four hours after the mixture had been made. 

The mixing process and all the other operations with the acids were con- 
ducted in the open air, the workmen selecting their positions with reference to 
the direction of the wind. Thus no injurious effects, nor even inconvenience, 
Were experienced by those employed. 

(13) c. Treatment of the Cotton with the mixed Acids.—About twelve hours 
es immersion in the. acids, tho skeins to be operated upon at one time 

1 C 
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(which had previously been dried in the air) were suspended in a capacious 
and well-ventilated drying-chamber, the temperature of which was main- 
tained, for the above period, at not less than 49°C. They were then trans- 
ferred, while in the chamber, to stoneware jars with tightly closing lids 
(the same as were used for keeping the cotton immersed in acid), and were 
allowed by become perfectly cold in these before submission to treatment 
with acid. 

The vessels which were found most suitable for use in treating the 
cotton with the acid were large and rather deep stoneware pans: one, 
provided with an iron lid, contained the quantity of mixed acids 
for the treatment of a certain number of skeins; a second, which was fitted 
with a perforated ledge of iron, and was surrounded by cold water, served 
for the treatment of the cotton, which was conducted as follows :—a propor- 
tion of the acid having been transferred to the second pan, two skeins were 
thoroughly immersed in it, and stirred about for two or three minutes; 
when saturated with acid they were raised upon the shelf ard pressed 
together with the paddle, so as to allow the superfluous acid to flow off; the 
quantity of acid absorbed by these skeins was replaced in the pan by an 
addition of fresh acid, and further skeins were immersed, those which had 
drained being transferred to a jar while the freshly immersed ones were 
soaking. In this way the operation of immersion was continued until the 
whole of the skeins to be treated at one time had been transferred to the 
jars, six of the large yarn or nine of the fine being introduced into one of 

ese. 

The skeins were pressed down in the jars by means of the paddle, and 
sufficient acid was added just to cover the cotton completely. The jars were 
then closed and placed inte vessels containing water, in a cool building, 
where they remained for forty-eight hours. ; 

It was found an important precaution to keep the vessel in which the 
cotton was first immersed surrounded with water, especially in the warm 
season during which these experiments have been conducted, as the evo 
lation of heat during the first action of the acids upon the cotton is col- 
siderable. The contents of the jars to which the gun-cotton was transferred 
were not found to become heated to any important extent, even when not 
surrounded by water. The proportion of acid to cotton said to be contained 
in the jars, as the process is carried out at Hirtenberg, is that of ten to one} 
but it was found necessary, in order to cover the cotton completely as d- 
rected, to employ at least fifteen parts of acid to one of cotton. This pro- 
portion would doubtless be much diminished if means were employed for 
compressing the cotton in the jars more highly than was the oase in thes 
experiments. 

The precaution of adding a fresh supply of the acids to that which remains 
in the immersing-vessel after the withdrawal of each quantity of cotton 
treated, was proved by experiment to be of the greatest importance 
securing the uniformity of the product. In one of the first operations, 
no fresh quantity of acid was added before immersing the skeins trested 
last. In other respects these skeins were submitted to precisely the same 
treatment as the remainder (i.¢. an additional quantity of acid was added 
to them in the jar, they were allowed to remain for forty-eight hours, &-). 
When examined synthetically, they furnished at least one-half per cent 
more cotton than the skeins first treated in the same operation; and wher 
fired in the proof-mortar, a decidedly lower range was obtained with the 
cotton last treated. 
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(14) d. Purification of the Gum-cotton.—At the expiration of forty-eight 
the jars were conveyed to a centrifugal machine, by which the principal 
quantity of acid was separated from the cotton. The machine employed at 
Hirtenberg for this purpose is made of copper, the one used by me was 
constructed entirely of iron, the sides of the revolving cylinder consisting of 
Coarse iron-wire gauze, rendered sufficiently rigid by an iron framework. 
«fier each operation the machine was washed out with an abundant supply 
of water, and thus the corrosive action of the acids upon it has really been 
very trifling. The oxide dissolved by the acid when the skeins were placed 
in the machine was sufficient to colour the liquid, and also to stain the cotton 
in places, but these stains disappeared entirely in the first washing which 
the product received. The skeins were rapidly transferred, by means of 
an iron hook, to the machine, and the latter was then set in motion, at first 
slowly, and ultimately at a speed of 800 revolutions per minute. Within 
ten minutes the acid was so far separated from the cotton that the skeins 
were only damp. 

Some precautions were necessary in effecting the first transfer to water 
of the skeins, with acid still clinging to them. If they were simply thrown 
into water so that the latter would penetrate them only gradually, the heat 
resulting from the union of the free acids and the water immediately esta- 
blished a violent action of the nitric acid upon the cotton, quantities of nitrous 
vapours being disengaged. At Hirtenberg the gun-cotton, when taken from 
the machine, is quickly placed under a small cascade, where ita saturation 
with water is effected with very great rapidity. As this arrangement was not 
attamable at Waltham Abbey, the skeins, directly they were removed from 
the machine, were plunged singly, as rapidly as possible, and moved about 
violently, in a large body of water. They were then washed by hand ina 
stream until no acid taste whatever was perceptible in the cotton, and were 
afterwards immersed in the stream for a period of not less than forty-eight 
hours. For this purpose they were arranged in rows upon poles fixed in 
frames, which were so placed in the water that the skeins were in a vertical 
position, the water circulating among them frecly. The current of the 
stream used at Waltham Abbey (at the only available place for these ex- 
periments) was mot so rapid as could have been desired, and the dryness of 
the season had rendered it unusually sluggish; still it was sufficient to 
afford a continual change of the water surrounding the cotton. The cha- 
racter of this water is by no means such as to render it specially fitted for the 
purification of the gun-cotton. The bed of the stream is always thickly 
covered with luxuriant vegetable growth, and the water itself is conse- 
quently so highly charged with vegetable matter, that, although light was 
excluded as far as possible from the cotton during its immersion, the skeins 
became covered in many places, within a few days, by vegetable growth, 
Which in time attached iteelf so firmly to the cotton as to be very diffleult 
of removal by hand-washing. 

The system of purification, as carried on at Hirtenberg, differs very consi- 
derably from that described in General Lenk’s process as patented in this 
country. At the above-named establishment, the gun-cotton is in the first 
instance left in the stream for three weeks and upwards; it is afterwards 
washed in a dilute solution of carbonate of potassa, again washed in water, 
dried, and then treated with a solution of soluble glass. After this treatment 
it 18 dried, washed for six hours in the stream, and finally by hand. 

In the patented process, it is directed that the gun-cotton in the first in- 
stance should be immersed in running water for forty-eight hours and up- 
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wards ; it is not submitted to any treatment with carbonate of potassa, but is 
boiled, after the first washing, in a weak solution of soluble glass, and on its 
removal from this, without any intermediate desiccation, it is immersed in the 
stream for about six days. 

The process of purification which I adopted differed from that in use at 
Hirtenberg only in the postponement of the long-continued washing until 
after treatment of the gun-cotton with alkali. At the expiration of forty- 
eight hours the skcins were removed from the stream, the water was separated 
from them in the centrifugal machine, and they were then boiled for a few 
minutes in a solution of carbonate of potassa of spec. grav. 1°02. Having 
been returned to the centrifugal machine, for the separation of the alkaline 
liquor, they were again placed in the washing-frames and left in the stream 
for a period of fourteen to eighteen days. On subsequent removal from the 
stream, each skein was washed by hand, to separate mechanical impurities, 
and one-half of each quantity of gun-cotton prepared was finally left in soak 
in distilled water for some hours. I found that, in consequence of the very 
large quantity of salts of lime in the river-water, the proportion of mineral 
matter in the gun-cotton was notably increased (it varied from 1 to 1°5 per 
cont.); this final washing was consequently adopted (there being a guod 
supply of distilled water at hand) for the purpose of reducing the propor- 
tion of mineral matter added to the gun-cotton by the long-continued im- 
mersion in the stream. The gun-cotton thus finally purified was dried in 
the open air. 

(15) e. The treatment of the purified Gun-Cotton with Soluble Glass, which 
forms one of the features of the Austrian system of manufacture, was stated by 
the officials at Hirtenberg to effect two important objects,—first, a retardation 
of the combustion of the gun-cotton ; and secondly, its protection from atmo- 
spheric influerices, by the formation of a coating upon the fibres of the cotton. 
In my account of the results of examination of the specimens of Austrian 
gun-cotton, I have entered fully into the reasons and facts which lead me to 
the conclusion that the treatment with soluble glass, the subsequent desicca- 
tion, and the final washing of the gun-cotton for five or six hours do not prac- 
tically exert any effect upon the properties of the material, tho only result 
being the addition to the mineral constituents of a small proportion of sili- 
cate of lime. ; 

In Gencral Lenk’s process, as described in the English patent, the soluble 
glass is applied, as already stated, to the gun-co.ton which, after the removal 
from the acids, has undergone no further treatment than an immersion m 
running water for forty-eight hours or thereabouts; when removed from 
the bath of silicate, the gun-cotton is not dried, but at once immersed 
for a period of six days in running water. It is at once obvious that this 
treatment cannot exert any effect upon the cotton, beyond possibly the nca- 
tralization of a minute trace of free acid still retained by it after the first 
washing. That the treatment with soluble glass is not intended to exert any 
other than a purifying effect upon the gun-cotton, appears also to have been 
understood by Professors Redtenbacher, Schrotter, and Schneider, in their in- 
quiry into Baron Lenk’s system of manufacture; for the only allusion which 
in their joint report they make to this point, is as follows, “the treatment 
with soluble glass has no influcnce on Baron Lenk’s gun-cotton, it being pre- 
viously free from acids.” 

In order to test, as nearly as possible in its integrity, the system of mant- 
facture as carried on at Hirtenberg, it was determined to submit one-half of 
each quantity of gun-cotton produced in one operation to the treatment with 
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soluble glass, the other half being dried, as a finished product, after the im- 
mersion in distilled water-above-mentioned. 

The purified skeins to be treated with silicate of soda were first exposed to 
sir until moderately dry, and then soaked for one hour in a boiling solution of 
the silicate, containing ten per cent. of that substance. When the excess of 
the liquid had been subsequently removed by means of the centrifugal ma- 
chine, the gun-cotton still retained about 80 per cent. of the solution, which, 
by evaporation, left therefore about 8 per cent. of soluble glass in the material. 
The skeins were thoroughly dried in air, and then immersed in the stream for 
about forty-eight hours. A longer period of immersion was adopted than in 
use at Hirtenberg, on account of the comparatively sluggish current of the river. 
The skeins were finally washed by hand and dried, this operation completing 
the manufacture of the gun-cotton. A comparative examination of the ash of 
a “ silicated” product with that of gun-cotton prepared at the same time, 
which had not undergone this treatment, exhibited a difference amounting to 
sbout one-fourth of the ash existing in the gun-cotton not treated: the latter 
furnished 1°45 per cent., the silicated left 1-85 per cent. of ash. The pro- 
portion of silica left in the gun-cotton was decidedly greater than that found 
in the Austrian specimens ; but the portion not treated with soluble glass also 
contained a very notable amount of silica, derived from suspended matter 
in the water. A portion of gun-cotton treated with soluble glass has been 
washed for a few hours only, for comparative experiment. 

(16) Artificial heat was not employed in drying any portion of the purified 
gun-cotton. This operation was accomplished by suspending the skeins 
during the day upon lines in the open air, or in a well-ventilated shed in wet 
weather and at night. 


Miscellaneous Memoranda. 


(17) 1. Samples of the products of manufacture obtained at Waltham Abbey 
have been submitted to synthetical examination, and furnished results as 
uniform as could have been anticipated, and corresponding to those demanded 


by the formula 
H 
©. { Go, } On 


In the course of the manufacture the increase of weight actually sus- 
tained by the cotton has been directly determined, and it has becn found that 
100 Ibs. of cotton, purified by the treatment with alkali, furnished about 
1,7 pounds of gun-cotion (not silicated). The amount which theoretically 
100 Ibe, of cotton should furnish, of gun-cotton of the above composition, is 
183'3 Ibs. The discrepancy between these numbers is certainly not great 
when allowance is made for mechanical loss in the various washings, and for 
the foreign matters dissolved out of the cotton by the acids. 

() 2. Several experiments have been instituted for the purpose of exami- 
ning the characters of the product resulting from the treatment of cotton with 
the mixed acids which have already been used once. The quantities of cotton 
treated at one time, and the various steps in the manufacture, did not differ 
in any way from those adopted in the regular system in use. The product 
obtained from the coarse yarn, by means of the once-used acid, has been ex- 
amined synthetically, and found to correspond very nearly in composition to 
gun-cotton of the formula 


C H,, Oo 
* ) SNO, 
or the next lowest substitution-product to that obtained.in the ordinary pro- 
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cess of manufacture. It was found, moreover, that the cotton yarn obtained 
in this experiment was very decidedly weaker (¢. ¢. could sustain only consi- 
derably loss strain ) than the ordinary product—a result which must be ascribed 
to the greater predominance of sulphuric acid in the mixture which has been 
once used. 

Experiments with this mixture and the finer yarn, furnished a different re- 
sult to the foregoing. The products corresponded closely in composition to 
the theoretical result attained by the original or first employment of the acids. 
The rotting or weakening effect noticed above was much less apparent in these 
products than in the case of coarse yarn. 

It would appear from these results that the mechanical condition of the 
cotton (i. ¢. the thickness of the yarn) exerts an important influence upon the 
nature of the product furnished by the once-used acid. Further operations 
are in progress in which this acid is employed; and the explosive effects of 
the resulting products will be carefully compared with those of the material 
obtained in the ordinary way. 

(19) 3. No systematic artillery experiments or others illustrative of the ex- 
plosive effects of gun-cotton prepared at Waltham Abbey have as yet been in- 
stituted, beyond a few trials of small charges in the mortar employed at the 
Gunpowder Works for purposes of proof. Even these results, however, as far 
as they go, are possessed of considerable interest, as demonstrating some of 
the most important points of difference between gun-cotton and gunpowder, 
when used in cannon, and as illustrating to some extent the value of the simple 
mechanical means devised by Baron Lenk for regulating the explosive action 
of the gun-cotton. . 

A quantity of the coarse roving, corresponding in weight to one-third of the 
proof-charge of gunpowder, was wound round a conical wooden plug, with the 
application only of a slight strain (equal to two ounces). The range obtained 
by this charge, or cartridge, was fully equal to that furnished by a fall-proof 
charge of Enfleld-rifle powder. The same weight of gun-cotton, wound upon 
a cone of the same dimensions, but kept during the winding under a strain of 
one pound, gave a range which was materially shorter than that furnished by 
the loosely wound charge, but quite equal to the average proof range (or three 
times the weight) of ordinary cannon-powder. Results agreeing with the 
above, and in very good accordance with each other, were obtained in frequent 
repetitions of those experiments. : 

The variation in composition of exceptional or special products, such as have 
been referred to in the preceding, manifested themselves in a corresponding 
variation in the range obtained with them, when tried under the same condi- 
tions as the ordinary products. Thus the skeins which in one particalar 
operation had, as above described, been immersed finally, without addition 
of fresh acid, and which furnished synthetically a somewhat high proportion 
of cotton, did not yield so long a range as the ordinary products, nor as the 
first skeins obtained in the same operation. Again, the coarse yarn which 
had been treated with acid already once used, when wound into cartridges 
with a strain of two ounces on the yarn, did not furnish as long ranges as the 
ordinary products wound under a strain of one pound; and when made into 
cartridges under the latter conditions, the ranges it furnished were very con- 
siderably below the. average results obtained with the ordinary product. 

The absence of any appreciable residue in the mortar, and of any but the 
most trifling amount of smoke, only noticeable if watched for, were, it is hardly 
necessary to say, novel and important features in these few proof experiments. 

(20) 4, Some observations made during the drying, and in the preservation 
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in store, of the finished gun-cotton, can hardly be passed over altogether with- 
eat notice in this communication, though the precise nature and cause of the 
reult which has manifested itself are still undetermined. 
By far the larger proportion of the gun-cotton prepared at Waltham Abbey 
ws dried in the open air, being exposed to strong daylight, and very fre- 
quatly to powerfal sunlight. When dry, it was packed into ammunition- 
bexes—large wooden cases containing an internal casing of tinned copper and 
with vary tightly closing double lids. In opening some of these boxes con- 
tuning gan-cotton, a faint but peculiar odour was accidentally observed, which 
wes more distinct in some boxes than others. This observation led to the 
introduction of some pieces of litmus-paper among the skeins in different 
boxes, and these were found in some instances to change, after the lapse of 
tme, to rose-colour, some merely at the edges, others more or less perfectly 
threighout. The change of colour was like that produced by carbonic acid 
pea litmns ; and if the boxes were left open for some time, the paper gra- 
jually regained its original colour. If they were again closed for twenty-four 
hours or longer, the reaction upon the litmus-paper was again observed in 
thae instances in which it had first been decidedly manifest, but it has been 
notined to become gradually weaker. It was subsequently found that the 
gun-cotton, after it had been for some time exposed to strong daylight, and 
particularly to sunlight, in the open air, exhibited the same slight acidity, and 
that the reaction noticed in the boxes was always more marked in those which 
emtained the gun-cotton most recently exposed for 
4s above stated, no satisfactory explanation can as yet be afforded of the 
vecamional exhibition of this alight acidity in the thoroughly purified gun- 
otten under the circumstances described ; to whatever causes it may be due, 
it appears evident, on a perusal of the report of Drs. Redtenbacher, Schrotter, 
and Schneider upon Baron Lenk’s gun-cotton, that those chemists have no- 
Qced a similar occasional acidity as occurring in the Hirtenberg cotton, and, 
indeed, that this acidity has been dwelt upon as a cause for alarm by persons 
who have feared the spontaneous decomposition of the gun-cotton. The sur- 
mises as to its possible origin, put forward in the report above referred to, are, 
it mast be confessed, not very satisfactory ; neither, in the face of the extra- 
ordinary precautions adopted for effecting the complete purification of the 
eun-cotton, is the force of the following concluding paragraph of that part of 
the report which refers to this subject, very apparent :—“ These acid traces 
shold the leas evoke surprise when we bear in mind that the gun-ocotton in 
process of manufacture had been exposed for forty-eight hours to a strong acid 
bath; moreover, if the subject of comparison, viz. gunpowder, be tested with 
esaal severity, similar evidence of chemical action will be forthcoming.” It is 
im a material in which, in the first instance, the most delicate tests fail to de- 
tect the slightest evidence of free acid, that this slight acidity occasionally be- 
comes evident. That exposure to light will, after some time, induce decom- 
position in the most carefully purified gun-cotton, is beyond dispute: as the 
istes¢ of many proofs, which I myself have had of this, I may mention that 
sone litmus-paper which has been for a few weeks exposed to light in a stop- 
pered glass bottle, together with a piece of the Hirtenberg cotton, has become 
enady perfectly bleached. But that an indication of change, such as has 
ben upon above, should be afforded by so brief an exposure to light as 
fve or six hours, and continue to be afforded after the cotton has been removed 
from ight, appears to me to favour one of the conjectures put forward in the 
ryort referred to,—namely, that the gun-cotton may contain traces of high 
ktv-campounds which are much more liable to decomposition than it is itself 
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—a conjecture which may receive some support from the fact of the cotton 
being exposed for a very long period to the action of the acids. Under any 
circumstances, this is a matter which may be most intimately connected with 
the question of the keeping qualities of the gun-cotton, and which therefore 
requires the strictest investigation. 

(21) 5. While referring to the question of the stability of gun-cotton, it may 
be important to record the following fact. It is pretty generally known that, 
soon after the discovery of gun-cotton by Schénbeim in 1846, Messrs. Hall and 
Son, the extensive gunpowder-manufacturers at Faversham, entered upon the 
manufacture of this material, but were, after a time, s0 unfortunate as to have 
@ very disastrous explosion of gun-cotton at their works, which, after a 
careful inquiry, was ascribed, by the jury and by all connected with the ma- 
nufacture, to the spontaneous combustion of the material. The manufacture 
was stopped on the occurrence of this accident, and a considerable quantity of 
gun-cotton, which existed in the works, was buried by Messrs. Hall’s direction 
(in July 1847), being simply thrown into a hole in the ground and covered 
up with earth. At my request, Messrs. Hall have been so kind as to have a 
sample of this gun-cotton, which has been buried for sixteen years, dug up and 
forwarded to me. This cotton, after being freed from dirt by washing, pre- 
sented a discoloured appearance, and is stained in many places with oxide of 
iron, but it exhibits not the slightest evidence of having undergone change. 
The fibre is perfect throughout, and there is, as might have been anticipated, 
no trace of acidity manifest in any portion. It is not a rapidly burning gun- 
cotton, and leaves, upon ignition, a considerable carbonaceous residue ; it does 
not therefore consist, or at any rate not entirely, of the most explosive sub- 
stitution-product. A specimen, purified in the first instance by treatment 
with dilute hydrochloric acid, has been examined synthetically, and yielded 
59°63 per cent. of cotton,—s result which agrees most closely to that which 


would be furnished by a product of the composition C Hs O,, (which 
36 TNO, 30 ( 


would furnish 60°66 per cent. of cotton). Messrs. manufactured tho 
gun-cotton by Schénbein’s original process, which consisted, as far as I can 
learn, in the treatment of the cotton for about one hour with a mixture of one 
part of nitric acid of spec. gray. 1:45 to 1-5, and three parts of sulphuric acid 
of 1°85 spec. grav. The cotton was washed in running water until no acid 
was detected by litmus-paper, and afterwards dipped in a very weak solution 
of carbonate of potassa. The finished cotton was sometimes soaked in a weak 
solution of nitrate of potassa. 

The examination of Messrs. Hall’s buried gun-cotton appears to afford 
an interesting and important proof of the permanence of gun-cotton when 
excluded from air and light, but not protected from moisture—though it is 
necessary to bear in mind that this particular material does not correspond 
in composition to the regular Austrian product. 

(22) 6. Referring once more, in conclusion, to the manufacturing experi- 
ments which form the main subject of this communication, it only remains to 
be stated that the very high price paid for the cotton for these experiments, the 
necessarily temporary arrangements, and the impossibility of fully econom!- 
zing labour and material in carrying out the manufacture with such accommo- 
dation as could be furnished without any important outlay at Waltham Abbey, 
rendered the formation of any reliable estimate regarding the cost of the 
gun-cotton out of the question. But the scale upon which the manufacture 
was conducted has been quite sufficient to demonstrate most satisfactorily 
that, with a properly organized system of operation, the production of the gul- 
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cotton is certainly not more difficult or complicated, and is attended with con- 
siderably lees risk of accident to the workmen and the manufacturing esta- 
blishment, than the production of gunpowder. 


IV.—Information given by Baron Lenx on June 22 and July 14, 1863, 


1, What weight of gun-cotton and gunpowder give equal effects?—In ac- 
cordance with experience, gun-cotton produces the same effect as three times 
its weight of gunpowder, which proportion, under certain circumatances, may 
be increased to six times its weight of gunpowder ; for tho effect of gun-cotton 
in proportion to gunpowder is the greater the more resistance is offered to 
the charge by the sides which enclose it, and the less gas can escape at the 
beginning of the explosion. 

2. What bulks of each give equal effect?—-The space required for a gun- 
cotton cartridge, to produce an equal effect, is scarcely half as large as that of 
a gunpowder cartridge; and it is only made equally large or slightly larger, 
if circumstances should demand it. 

3. Is the effect more constant with gun-cotton or with gunpowder.—The 
effect of small fire-arms and of artillery in general is considerably more 
uniform and constant with the use of gun-cotton than with gunpowder, 
provided the proper charge and cartridge has been taken. ° 

That superiority gun-cotton partly owes to the chemical process by which 
I have produced it, and partly to the uniform formation of the cartridge, 
which ean only be attained by its regular texture, using it in the shape of 
cotton-yarn. 

4, Which admets of more precise aim ?—On account of the more constant 
effect of gun-cotton, and because its use prevents fouling of the gun, which 
farther admits to reduce the space between ‘shot and barrel, and on account of 
less heating of the gun, as well as by the uniform position of the cartridge, 
there must be a more precise aim of shot with gun-cotton—which, moreover, 
has been fully proved by experience. 

5. Which occasions least recoil ?—Chiefly on account of the smaller space of 
time the projectile requires to pass through the barrel of a gun to attain a 
certain initial velocity, the recoil of the gun is less than with the use of 
gunpowder. It may be stated that, by the official trials of the Commissioners 
in the year 1860, the recoil of the gun with gun-cotton was found to be 
0-68 of that with gunpowder. 

6. What is the relative effect as to fouling ?—Except an extremely small 
residuum of carbon, there is no deposit with the use of gun-cotton. Tho 
barrel of a gun requires no cleaning out; there is no chemical effect upon 
mages and wrought-iron, steel, or bronze barrels by using gun-cotton car- 
tri 


7. Is gun-cotton lable to decay when stored ?—Gun-cotton has been stored 
like gunpowder for twelve years, usually packed in wooden boxes; and no 
trace of alteration has been discovered. My own experiments go back as 
far as 1846, and have given most favourable results in this respect. 

_ 8. How ts it affected by water or damp ?—Gun-cotton placed under water 
is unalterable. By tho transformation of ordinary cotton into gun-cotton, it 
loses the greater part of its hygroscopic property, so that gun-cotton, properly 
manufactured, resists the influence of damp much better than gunpowder ; and 
moreover it cannot, like gunpowder, get permanently spoiled thereby. Gun- 
cotton, if dried in the open air, contains 2 per cent. moisture ; ordinary cotton 
about 6 per cent. Gun-cotton, placed in a room completely saturated with 
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moistare, after thirty-three days af exposure contained 8 per cent. moisture, 
whilst under the same circumstances gunpowder was saturated with 79-9 per 
cent. of water ; some weeks afterwards the whole saltpetre of the ganpowder 
was converted into 2 concentrated solution of saltpetre, whilst gun-cotton 
took no more than 8 per cent. of water as a maximum saturation, 

9. Which admits of most rapid firing ?—The gun being heated considerably 
leas by using cotton-cartridges, the abeence of a noteworthy residuum and 
smoke admits of a more easy manipulation and sighting of the gun, and 
thereby secures a more continuous and rapid fire. 

It may be stated that 100 rounds with gun-cotton were fired in thirty- 
four minutes, and the barrel was heated to fifty degrees Cent.; whilst LUO 
rounds with gunpowder-cartridge in 100 minutes heated the gun so much 
that water dropped on the barrel immediately evaporated with noise, though 
three times as much time was required with the powder charges. The 
Commissioners continued the trials with gun-cotton up to 180 rounds without 
any danger from heating being apprehended, whilst the Commissioners 
thought it advisable, for the sake of safety, not to continue firing with 
powder charges under the above circumstances. 

10. What effect has gun-cotton on the coolness and cleanness of the gun ?— 
It has been y mentioned that, with the use of gun-cotton, fire-arms 
remaim considerably cooler than with gunpowder; and the slight residuum 
has no influence upon the effect of the gun. 

11. How far is it adapted for breech-loading.—There being no fouling of 
the gun, it follows that with the use of breech-loaders the construction of the 
breech may be kept quite tight. 

12. How ts tt for precision of aim 2?—Under all circumstances the alm is 
not disturbed or interrupted, there being no smoke attending the discharge 
of the gun. 

13. Has tt any special advantages in forts, ships, and casemates ?——From 
many experiments, but especially from the official trials made in the case- 
mates of the fortress of Comorn in the year 1853, it results that under 
circumstances which would render the firing with powder difficult or even 
impossible, there was no trouble or molestation in any way to those serving 
the guns with the use of gun-cotton cartridges. 

The trials in the fortress of Comorn were made in casemates, ventilation 
being intentionally obviated. After fifteen rounds with powder cartridges, 
further sighting of the gun was impossible; after forty-six rounds, one of 
the men serving the gun fell into convulsions of suffocation ; a second man 
being ordered in the place of the first disabled man, got immediately sick on 
entering the casemate; the rest of the men were more or less stupefied ; 
it was necessary to stop firing after fifty rounds given in eighty minutes. By 
using gun-cotton cartridges, on the contrary, after fifty rounds the men 
serving the gun felt not the least molestation, and the aim was always 
clearly visible. 

14, How is tt adapted for mining ?—The more accelerated effect of gun- 
cotton, and the possibility of enclosing in the same space more than double the 
quantity of gases, especially direct us to employ gun-cotton where it is desired 
to attain an energetic effect for mining-purposes, for example, to secure 
harbours by means of sea-mines. 

15. What 1s the relative danger of manufacture?—In the manufacture of 
gun-cotton every manipulation, up to its final accomplishment, is without any 
danger whatever, whilst with the manufacture of gunpowder danger of ex- 
plosion exists from the beginning of the operation. 
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16. What is the comparatwe risk in conveyance?-—The smaller weight of 
gun-cotton, as well as the smaller volume of it for an equal effect, favours the 
conveyance of gun-cotton considerably; and it may be taken moreover into 
consideration that the dangerous “ getting to dust” of powder cannot take 
place with gun-cotton. 

The of gun-cotton to the most distant parts of the empire of 
Aura under intentionally difficult circumstances, has always been effected 
without 

17. How ts it adapted for shells?—Shells filled with gun-cotton hold a 
vonsiderably larger quantity of material for the production of gases; at the 
same time, it is in the nature of both compounds that gun-cotton developes 
far quicker the gases of combustion than gunpowder; for this reason, shells 
iiled with gun-cotton burst into at least double the number of pieces. 

18. Is st Gable to spontancous explosion ?7—From the last Report, dated June 
1363, of the Professors of Chemistry appointed by the Minister for War to 
report om that subject, and to give their opinion, and which is submitted to 
vou, the apprehension of self-explosion has in no way any foundation what- 
ever. 

Without direct ignition, gun-cotton may detonate between iron and iron 
if a heavy blow be strack ; but it is known that only that part explodes which 
was hit, without communicating ignition to the surrounding particles. If, 
however, even with an iron hammer, gun-cotton be struck a heavy blow upon 
loaze or other soft metals, or upon stone, no detonation can take place, In 

every report of the Austrian Empire Commissioners, that subject was con- 
Sdeved and disposed of as not impairing the safety of manipulation, 

19. How far is it possible to regulate its explosive power ?—It has been 
established by experience that it 1s possible to moderate the force of gun- 
cotton within very extensive limits, and thereby to suit it to the different 
purposes without having ground for apprehension that variable effects would 
be the consequence ; that valuable property of gun-cotton, however, requires 
that the trials be made under the superintendence of an expert, which will 
secure the desired effects to a certainty. 

20. What is its cost of manufacture ?——Supposing quantities which would 

equal effects, then its cost is considerably less than that of gun- 

powder ; under o ordinary circumstances and normal prices of cotton, the cost 

of manufacture of gun-cotton is under fourteen pence per pound, but at the 

present high price of raw cotton its oost will be under twenty pence per 
. & 


21, Gove us what tn your opinion are the essential points in the manufacture 

of gen-cotton. 
s. Cotton.—Any sort of cotton may be used for the production of gun- 
cotton, provided it be tolerably free from seed-capsules and oleaginous 
matter. Absence of tho latter is indeed imperative; hence factory cotton, as 
ordinarily obtained, must be digested in a weak alkaline solution, as is usual 
m such cases. 

(ther forms of lignine can be substituted for cotton to produce an explo- 
give material—visz. flax, hemp, bog-grass, maize, straw, rags, sawdust, &c. 
I bave given rules s0 as to moet the case of either of these ; however, it 

is coly in some extraordinary cases that any of these materials are to be 
preferred to cotton ; further, ulterior applications of the explosive material 
are much facilitated by the device of spinning into threads. 


# Baron Lenk subsequently reduced this estimate. 
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b. Nitric acid —The nitric acid employed must be in the highest possib] 
degree of concentration ; and here the remark should be made, that an impurit 
of hyponitric acid imparted to the acid by concentration, and which is difficul 
to eliminate, does not prejudice the acid for this special application. 

c. Sulphuric acid.—The ordinary commercial sulphuric acid of spec. grav 
1°84 answers perfectly. 

d. Mixture of the acids.—This consists of one part by weight of nitric and 
and three parts (weight) sulphuric acid,—assuming the nitric acid employed t 

an average specific gravity of 1:485. If, however, the specific gravity 
should differ from the above, then cognizance of the amount of anhydrow 
acid supplies the data necessary for regulating the mixture. 

The mixture is effected by means of an apparatus represented by fig. 1.‘ 
The vessel C is filled with the predetermined quantity (equivalent to the re- 
quired weight) of nitric acid; B and D with sulphuric acid. This being done, 
the acids from the three vessels are allowed to run very slowly into F, in which 
is an agitator T, set in motion by the handle L. As soon as a portion of the 
two acids has been mingled in this manner, the mixture is allowed to run from 
F to G, and the operation resumed as before. 

The reservoir G being completely filled, its contents must be set aside in 
closed vessels. It is advantageous to preserve the mixed acids a considerable 
time in the above vessels ; in no case must the mixture be used until it has 
become quite cold. 

e. Process of steeping.—Cotton-wool ordinarily absorbs about 6 per cent. 
of atmospheric moisture, which must be dissipated in a drying-room heated 
to 95° F. previous to dipping the cotton. 

Steeping is effected in an apparatus represented by figs. 2, 2a, and 2b. The 
apparatus, during the process, is kept cool by a constant change of cold water 
poured into the vessel F. The chamber A contains a store of acid, B sixty 
pounds of the acid mixture, D represents the vessel in which the cotton is 
stored after dipping is accomplished. Two skeins (about 3 ounces) of dried 
cotton are dipped at one operation in the mixture contained in B, the spatula 
G being used to offect, by pressure, complete incorporation between acid and 
cotton ; in the next place, the cotton is to be removed from the bath, laid 
upon the rack C, and pressed to such extent that the amount of mixed acids 
left absorbed by the cotton: be in the ratio of 104 lbs. of the former to 1 Ub. 
of the latter. The cotton being now lifted into the vessel D, this is to be 

ed with mixed acids, and the portion of acid absorbed made good by 
means of the tared spoon E, in such manner that the surface in B may 
always maintain the same level for every additional portion of cotton dipped. 

The vessel D filled in the manner prescribed, is at length set aside, the 
due proportion of its contents being regulated, if necessary: the regulation 
is easily accomplished after a little practice, but it is seldom requisite. The 
cotton is next compressed by the handle H in such manner that it is wholly 
covered by acid, to the further action of which it is left exposed for the space 
of forty-eight hours; it must be cooled during that exposure, thus guarding 
against the violent action of the acids resulting in decomposition. 

f. Removal of acid from the gun-cotton.—This is performed by means of 8 
centrifugal machine, the drum of which is of copper, a material which 
lasts a considerable time; after this manipulation, there still remain 3 lbs. 
of acid in the gun-cotton manufactured from 1 Ib. of ordinary cotton. This 
must be got rid of by rapid water affusion applied in some convenient 
manner. 

® This refers to s drawing exhibited at the time. See Plate III. 
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Mere affusion, however, does not suffice to get rid of all the adherent acid, 
hence the cotton must remain for a yet longer period in a stream of water, 
natural or artificial. 

g. Impregnation of gun-cotton with soluble glass.—The object of this process 
is to close the pores of the gun-cotton fibre by silica precipitated within them, 
by which the velocity of explosion of gun-cotton is hereafter retarded ; 
moreover any lingering traces of acid that may remain are neutralized by 
combination with soda liberated from the soluble glass. This operation is 
performed by means of a centrifugal machine, into which a central tube 
passes for supplying the glass solution. By this arrangement the liquid is 
driven in very minute division through the gun-cotton ; the glass solution 
employed has a density of 12° Baumc. The material having been treated 
as described, has next to be dried by atmospheric exposure: as drying pro- 
ceeds, decomposition of the soluble glass goes on. Atmospheric carbonic acid 
uniting with soda, forms carbonate of soda, whilst silica is precipitated. 

The carbonate of soda thus produced being soluble in water, can be got 
nd of hereafter by washing, whereas the precipitated silicic acid not being 
soluble, remains attached to the cotton fibres, protecting them from de- 
composition under atmospheric influences, however high the temperature 
may be. 

h. Treatment with soap.—For many purposes it is desirable to retain the 
fibres of gun-cotton soft, in order to guard against the contingency of explo- 
aon from very violent friction, gun-cotton being somewhat harsh to the touch. 

This is readily effected by dipping the material, already treated with 
soluble glass and washed, previous to final drying, into a soap ley, the excess 
of which is to be hereafter squeezed out, and the gun-cotton finally dried. 

22. Have you any special information to give the Committee respecting the 
pracdual applications of gun-cotion ? 

a. In general.—The proper utilization of gun-cotton presupposes a thorough 
knowledge of the nature of its energy and the bearing of its mechanical ad- 
vantages, in order that the object proposed may be gained through a favour- 
able choice of circumstances. These influences are more perceptible with 
gun-cotton than with gunpowder, inasmuch as gun-cotton admits of variation 
from a point of inefficiency to one of highest energy. 

Ignited in an open space (t.¢. not under pressure), the explosive effect of 
gun-cotton ia trifling, very much less than that of gunpowder. Ignited in 
spaces more or less closed, then in proportion as the closure is perfect does 
the explosion assimilate itself to that of gunpowder, the force of which under 
certain circumstances it considerably surpasses ; i. ¢. it is dependent on the re- 
sistance met with. The maximum of the explosive effect of gun-cotton is 
attamed when the charge is so regulated, as to dimensions and form, that 
the whole of it becomes ignited before tho yielding of any side of a vessel in 
which it is enclosed. : 

The products of combustion of gun-cotton are wholly gaseous, whereas 
gunpowder by combustion yields only 31 per cent. of gas, whence it would 
teem that the energy of a charge of gunpowder should be nearly equalled by 
@ charge of gun-cotton only one-third of its weight. The available power 
ofone part of gun-cotton by weight, may, under certain circumstances, be 
raised to the effect of six parts by weight of gunpowder. 

b. Application of gun-cotton as a charge for smooth-bore guns.—The 
standard of reference was furnished by experiments conducted with a twelve- 
pounder bronze field piece, which gave results as follows :— 
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The weight of shot, solid ‘round, used was 12 Ibe. 

Diameter of shot 4°5 inches. (English weight and measure.) 
Diameter of bore for gun-cotton 4°56 inches. 

Diameter of bore for gunpowder 4°67 inches, 


non Ho Em vi 


L 134 calibres. [Powder 3Ibs. loz. | 7-5in. | 1400f%. 
mu. |2] ws, Gun-cotton. 136 os.| 5-1 1375 
m},/] ma , , 148 . 1407 
Iv. |} 3] 10% ,, ~ 186 . 1858 
Vv. jl] me, » 148 | 88 1400 
VI. {1/10 , » 189 . 1426 
Vir. | 1 9 ,, , 170 . 1402 


The normal performance of ordinary powder-guns gives result I., as com- 
pared with gun-cotton. With gun-cotton, when compressed charges were used, 
each of 13-6 oz., result II., gun 2; the gun was not injured; while with 
14-8 oz. of charge, after a few rounds, a considerable enlargement of the bore, 
where the shot lies, took place. A similar result happened to a second gun, 
No. 8, even with a charge of 13°6 oz., after the first few shots. 

When one of the enlarged cartridges, represented .at Pl. IT., fig. 2, was 
used, occupying 1°] of the powder-space, the gun’s endurance was perfect, 
and no loss of effect was sustained, and its practice remained good, as proved 
by results set forth at ITI. and V., since equal charges in very different 
(s. 6. in the ratio of 5 to 8) still produced equal results. 9 OF me 

. In proportion as the tube is shorter, an increased charge is required 
(shown by results V., VI., VII.); yet the effect of a normal powder-gun and 
charge may be attained by a tube shortened from 13} to 9 calibres: it follows 
that guns to be used with gun-cotton may be constructed much shorter than 
if intended to be charged with gunpowder®*. . 

With the largest charge used, t.¢. 17 ounces, about 1000 shots were 
fired from the same gun, without affecting the piece in the slightest—an er- 
durance very satisfactory, and considerably groater than has been experienced 
with gunpowder. 

This experiment was further continued for arriving at results by empirical 
means as to the s h of metal in various parts of the tube. 

The original tube, formed as depicted at Pl. I. fig. 2, was gradually turned 
off until it assumed the shape figured in broken lines, but without any dis- 
advantageous effect. The metallic strength of 3°7 inches close behind the 
seat of the ball, where, according to experience, the greatest strain takes place, 
and 1”°6 at the muzzle, were so moderate that for practical uses no farther 
diminution was desirable ; hence the experiments in this respect were dis- 
continued. 

Finally, I turned my attention to the object of flattening the trajectory of 
projectiles with this gun, and succeeded to such an extent that a projectile 
fired fron the gun horizontally pointed at targets set up at 100 yards from 
each other as far as 1200 yards struck at an even height at 8 feet from the — 
ground, and fell without ricochet at about 3200 yards. 

An experiment made with a Krupp cast-steel 6-pounder, demonstrated 


* No details are given as to precision. 
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that with harder and more resisting metal than bronze, the great power of 

gun-cotton might unhesitatingly be made use of to obtain a more energetic 

projectile force than would have been compatible with the use of gunpowder. 
The results are as follows :— 


A Krupp 6-pounder, cast steel, charged ‘with | 1838 feet per second initial 


30 os. of normal powder ...........0005: velocity of shot. 
A Krupp 6-pounder, cast steel, charged with | 1563 feet per second initial 
13} oz. of gun-cotton ...... pace eee ees velocity of shot. 


In practice it is necessary with the use of gun-cotton to reduce the 
“windage” to a minimum ; otherwise larger charges must be used, and with 
ho corresponding advantage. 

¢. Application of gun~cotton to rifled ordnance.—The time may have ar- 
nved for breech-loaders, which have lately come into use under such good 
auspices, to be set aside in favour of muzzle-loaders, for the service of which 
gan-cotton offers such facilities, because of its leaving no solid residue after 
combustion, and because windage admits of reduction to a minimum. 

The method of determining the condition of charge differs from the data 
given for smooth bores, in so far that the vehemence of explosion may be 
decreased by mechanical means—such as variation of length of chamber, 
regulating the mode of ignition so as to attain a sufficiently favourable con- 
dition of starting of the projectile from rest. This result was easily achieved 
(as demonstrated by experiments conducted in Austria) within the degrees 
of velocity hitherto deemed sufficient, as by the gun shown, Pl. I. fig. 1, 
and cartridges, PJ. IT. fig. 1. 

To what extent these deductions may hold good a: higher velocities, must 
be determined by further experiments, which may be expected, judging from 
present data, to give favourable results, 

The Austrian breech-loading guns (cast iron) of three service calibres 
(6, 12, and 24~pounders charged with 13, 30, and 60 lbs. weight projectiles 
respectively) answer perfectly when charged with gun-cotton, provided the 
chambers are enlarged to 1-1 of the original capacity for powder. For larger 
charges, cartridges made in the form of a hollow rope, similar to those used for 
blasting, would answer; however, I have to remark that it is more necessary 
in rifled than in smooth-bore guns to reduce the windage to a minimum; 
this, on account of the surprising exactness of work in English factories, would 
be easy of accomplishment, and would raise the effect of gun-cotton. Expe- 
riments performed with a cast-steel gun of 3 inches diameter, weighing only 
o0 lbe., firing hollow projectiles with effect to 83000 yards, demonstrate that, on 
account of the short length of tube necessary and the slight recoil, very light 
poees can be made, Pl. I. fig. 3; the carriage was about 40 lbs. weight 

. Application of gun-cotion to small arms.—In this respect it is important 
to observe that the plasters used with the old round-ball rifles were com- 
pletely torn go long as short cartridges were used. When I elongated the 
cartridges the plasters resisted perfectly, and practice was Very accurate; 
hence it is demonstrated that length is a very important element in the con- 
Nrattion of small-arm cartridges. Experiment only can determine the ro- 
per length. 

One cireumstance is not to be lost sight of—that with a very long cartridge 
the ignition of it in proper time may be difficult to achieve. Practice in the 
application of mechanical means is requisite to secure the proper explosion 
of long cartridges by igniting them well in front. Lastly, experience proves 
that in small-arm cartridges separation of the cotton into several layers, by the 
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interposition of paper, influences the result. Small-arm cartridges which have 
answered best are composed of three layers of flat woven gun-cotton with 
paper interposed. For the small-bore long range rifles used in England, the 
cartridges most suitable may be those represented at Pl. IT. fig. 3, the precisc 
dimensions of them being fixed experimentally. On the 4th and Sth of 
July 1863, there was a preliminary trial at Manchester, during which it was 
found that no distortion of the projectiles ensued even when the proper 
conditions of charge were departed from by using too heavy charges. 

e. Application of gun-cotton to purposes of mining.—Gun-cotton is more 
appropriate to this use than gunpowder, which it surpasses in proportion as 
the mass to be blasted is more compact. Assuming a solid rock to be blasted, 
and that the proper condition of charge together with the proper distribution of 
holes have both been heeded, the relative proportions of gun-cotton and of 
ganpowder for producing an equal effect are 1 gun-cotton to 6-274 gunpowder 
(weight by weight), whilst the relative proportions for wall-blasting (masonry ) 
are 1 gun-cotton to 2:25 gunpowder ; however, here the point must be noted, 
that when these experiments were performed the best shape of charge had 
not been determined. According to experiments more recently conducted, the 
form of charge for blasting which best answers is that of a hollow twisted rope, 
according to sample ; the operation of charging is rendered thus very easy and 
safe—wooden tamping-rods being used until the charge is covered. Accord- 
ing to repeated experiments, the strongest friction of gun-cotton between 
stone is unattended with the slightest danger. For large charges, it is to be 
remembered that complete ignition is more difficult than the complete ignition 
of large powder charges; to accomplish this result satisfactorily for mining-= 
purposes, it is indispensable to fasten up the gun-cotton in tightly close 
vessels—which afford the necessary resistance, not yield&q until the whole mass 
of gun-cotton has become ignited. Experiments have proved that little barrels 
with strong hoops answer best. The proper construction of these restraining 
cases can be learned experimentally from models, when it will be remarked 
that no smoke resulta from explosion, and very litle fire is seen. 

As a charge for hollow projectiles, gun-cotton substituted for gunpowder 
will produce similar effects; but then the space of shell is only partly filled, 
even when the bursting powder charge is raised to its maximum. An in- 
creased charge of gun-cotton may be employed with advantage, which thus, 
in comparison with gunpowder, will give an additional effect, partly referable 
to additional material used, and partly to the occurrence of a more rapid ex- 
plosion. 

With projectiles having very small holes for filling, the accompanying 
samples were used, because of the case with which filling could be conducted. 
When projectiles with cylindrical bore, capable of being thrown open, have 
to be filled, it would be advisable to insert cylindrical charges of gun-cotton 
previously compressed. A soft layer of felt is recommended to be laid in- 
teriorly against the base of the projectile—though this precaution does not 
seem to be unperative, no premature bursting having taken place in the 
course of any experiments. . 

f. Application to fuse-purposes.—For fuses gun-cotton is woven (according 
to pattern given), then steeped in saltpetre and covered with a jacket of india- 
rubber. In this manner the progress of combustion is rapid (over 30 fect. 
per second) ; the line will bear considerable pressure, and may even be folded. 
croesways without fear of the fire leaping from one fold to the other. 

If ordinary gun-cotton thread be fired in a train loosely, ignition is very 
slow, about 1 foot per second. | 
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V.—Extracts from a rt on Baron Lenx’s Gun-cotton, by Professors Dr. 
Resrsspacuzen, Dr. Scurirren, and Dr. Scunzrer, to His Excellency 
Feld-Marsha] Jonanw Fremerr Kempen vow Ficurenstamm, President of 
the Royal Imperial Commission on Gun-cotton, June 1863. 


(1) “Difference between the French Gun-Cotton and Baron Lenk’s.—Ac- 
cording to the method pursued by the French Commission, the raw cotton was 
immersed in the acid mixture for one hour. Baron Lenk leaves his cotton 
fety-aght hours in the acid bath. The French cotton was afterwards 
épped in ramning water for an hour or an hour and a half. Baron Lenk’s 
gin-cotton lies four, six, or eight weeks in a stream. The French cotton 
hed, after washing, so much free acid left, that wood-ash lye (a solution of car- 
haste of potash, therefore) was neutralized by contact with it, and after long 
we became sour. Baron Lenk’s cotton is so freed from acid by long immersion, 
that atwo per cent. solution of potash, in which two cwt. of gun-cotton 
bad been baaled, has lost none of its alkaline properties—that is to say, that 
te cotton was completely free from acids, as experiments wholly accordant 
with those of the Imperial (Austrian) Engineers’ Committee fully demon- 
urted. The French gun-cotton having been prepared in a manner 80 
Gierent, it must necessarily have had a different composition to that of Baron 
laak's; hence it is clear that the French experimental results cannot, without 
oasiderable reserve, be accepted as precedents.” 


(2) “ Analysis of Austrian Gun-cotton. Laboratory of Engineers’ Committee, 
1861. 


“If this analysis differs somewhat from the theoretical formula of the tri- 
aitro-cellnlose, the circumstance must be remembered that cotton is not pure 
cenlose, but that it consists of long-extended vegetable cellules, in which 
there is always a little albuminous substance containing over 50 per cent. 
carbon, and 7 per cent. hydrogen, the presence of which even in such quan- 
ties easily increases the percentage of carbon and hydrogen. The treat- 
ment with soluble glass has no influence on Baron Lenk’s gun-cotton, it 
being previously free from acids. Gun-cotton is always put into comparison 
as an explosive compound with gunpowder; but it must be remembered 


that one of the component parts of gunpowder (charcoal) is most irregular 
° D 
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in quality, especially where the primitive method of preparing it is followe 
Still, in theoretical disquisitions upon gunpowder, charcoal is taken in! 
account as pure carbon.” 

(3) “In the magazines af gun-cotton at the Neustadter Haide, there a 
stores of various years. Inthe laboratory of the University there are samp|: 
of Hirtenberg gun-cotton of three several years, which have been examin¢ 
by the above named artillery officers, and they have been found not to diffi 
materially in their composition from trinitro-cellulose. For instance— 


No. 14. 
| 1862, | 1862 
9. | 1 /af]s3 
fT 
o44| 245 | 246| 242| 236) 989] 941 
a7| 28] 26) 97] 96] 94| 24 


‘‘ Tf these results are compared with each other, there can be no right { 
say that Hirtenberg gun-cotton alters by keeping. They agree as far wit 
each other as analyses of the same material usually do. It is to be regrette 
on this as on many other accounts, that during the last twelve years suc 
analyses were not frequently repeated. If the opponents of gun-cotton, 1 
performing an adverse experiment, heat the substance in a test-tube up | 
100° C., and holding litmus-paper over it, deduce from redness of the latte 
that gun-cotton changes after long keeping, they merely prove thereby the 
gun-cotton changes at 100°C. Of an explosive compound, it can only t 
required that t¢ shall not deteriorate within certatn limits of temperature,— 
requisition amply fulfilled by Lenk’s gun-cotton. 

‘‘ Some varieties of gun-cotton, if enclosed together with litmus-paper 10 
tube, often manifest an acid reaction at ordinary temperature. This ma 
arise from various causes. There may exist, for example, free acids. Thee 
acids may be the result of nitrogen partially oxidized, and may result fror 
imperfectly worked cotton. This assumption granted, the phenomenon ! 
explained, and the cause easily avoided. It may arise from decomposition 
the gun-cotton, atmospheric dampness having brought about a partial recon 
stitution of the cellulose.” 

(4) “But some specimens of Lenk’s cotton do not even yield traces of de 
composition. A parcel of Hirtenberg cotton was laid for six weeks in a pont 
and not subsequently treated with potash. It was then depogjted 1) 
running stream, afterwards exposed for one month to the air, being sub 
jected: to all the various influences of dew, rain, and sun, day and- night con 
tinuously. It retains all its original explosive qualities, and fails to redde 
litmus-paper, even though the latter be wrapped in a mass of this cotton an 
allowed to remain for many days. The results of an analysis of this cotto 
were almost identical with the calculated elements of trinitro-cellulose, 4 
the following Table makes apparent :— 


Calculated. Found. 
Carbon ......cccccccceess DAD ......2. B44 
Hydrogen .......... vancne DB ccccccee 2°8 


(5) “ Temperature at which Gun-cotton ignites. —The rejection of gun-cottor 
in consequence of the changeable nature or explosive quality of the materia 
at low temperatures, is so thoroughly and decidedly contradicted in the Re 
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port of Baron von Ebner, that if would be superfluous to go any further into 
this question—the lowest explosive temperature of the Hirtenberg gun-cotton 
being therein fixed at 136°C., a temperature which, practically, cannot raise 
any-déubts aginst the use of gun-cotton.” 

(8) “ Experimental proofs demonstrate that Lenk’s Gun-cotton is not sponta- 
neously combustible—The history of gun~cotton, as chronicled by chemists and 
artillerists, short though the history be, is so full of records of explosion whder 
unexpected circumstances, that an unbiased mind can hardly fail to be 
impressed with the belief that, amongst the ordinary conditions of militaty 
practice, thera may be some competent to induce the spontaneous combus- 
tion of this material. Nevertheless the experience of Baron Lenk, acquired 
during a period extending over more than ten years, is more pregnant with 
retabie testimony than can be found in the entire remaining history of this 
materi 

“The manufacture of gun-cotton in Hirtenberg consists of a number of 
perfectly ha operations ; and it is remarkable that, contrary to what 
happens with gunpowder, if fire be not actually applied, explosion is impos- 
sible. All operations are so arranged that the material acted upon is in a 
moist or wet condition—hence not explosive. Drying takes place in a 
capacious building, on every side open to the air. The last process of drying 
is carried out in the drying-chamber, where it is effected by a stove situated 
on the outside, distributing its heat to the building by earthenware pipes— 
drying being thus ensured through a gentle warmth. ‘The gun-cotton next 
goes either into a magazine to be packed away in chests, or is at once pre- 
pared for ammuzition. In this magazine, Hirtenberg cotton has been stored 
for a period of twelve years, and not a single instance of explosion has taken 
place. How many powder-mills have exploded in that time? In Prussia, 
however, a drying-chamber has lately blown up. Your Excellency has 
ofidally been informed, that in Prussia they have worked for eight years 
with gun-cotton, and not a single explosion has occurred except the last- 
named, In the Prussian drying-chamber referred to, a stove with iron 
smoke-pipe was used—a sufficient explanation of the misfortune. 

“Durmg twelve years we have prepared gun-cotton at Hirtenberg for 
ammuntion—that is, for yarns, spun ropes, and threads twisted and woven. 
One single case of explosion has occurred in the course of Baron Lenk’s manu- 
facture, the result of improper speed of working the spinning machinery. Now, 
the circumstance hardly need be insisted on, that gunpowder as well as gun- 
cotton can be exploded by friction. Gun-cotton has been used for military 
purposes now more than twelve years; it has also been employed for mining 
and blasting. It has been subjected to every variety of transport. Packed 
in black wooden chests, it has been exposed to sunshine for months together— 
all this without one single accident, In the face of such testimony, it cannot 
be said that gun-cotton manifests any tendency to explode spontaneously.” 

(7) “ Lieutenant von Karolyi’s analysis of the gases of combustion of Lenk’s 
gun-cotton, which he made in the Chemical Laboratory of the Engineers’ Corps 
Committee, may be seen in the ‘ Report of the Imperial Academy of Science,’ 
vol. xlvii. Mathematical and Physical Part, p. 59, and is given in the following 
Table, in which the gases of combustion of powder according to Bunsen (vide 
Poggendorff, 4th series, vol. xii. p. 131) are cited in comparison with those 
of gun-cotton, 


D2 


36 Ci | REPORT—1863, 


Gases of Combustion. 
Volume per cent. 


| Nitrogen wees 
Carbonic acid CO... . 
Carbonic oxide CO... 
Hydrogen H..... 
Sulphuretted hydrogen HS... 
Oxygen O..... 

Light carburetted hydrogen .. 


“If we compare the gases of gunpowder with those of gun-cotton, we easily 
see that the chemical action of the product of combustion of gun-cotton on 
the sides of the barrel, if there exists any action at all, must be smaller than 
with the use of gunpowder, because they are less oxidizing gases than those 
of gunpowder. Should, therefore, bronze barrels be ‘‘ burnt out” by the use 
of gun-cotton, cast steel may be then used instead of bronze, which, in fact, 
has been successfully done. Morcover bronze gun-barrels have withstood 4 
sufficient number of rounds by using an adequate charge of gun-cotton with 
elongated cartridges. In this way no alteration of the bore prejudicial to 
the correctness of aim has taken place. From the steel barrel of a rifle, 
forty rounds have been fired with gun-cotton cartridges, which have hit the 
target 300 yards distant in an unexceptionable manner. After the said 
number of rounds, the barrel was internally as clean and polished as a mirror. 
It appears, then, that this problem is solved in a general and satisfactory 
manner.” 

(8) “ Application of Gun-cotton to Mining Warfare.—Gun-cotton is also 
used for mining-purposes and mining warfare. On this subject nothing but 
what is favourable has been reported by the Imperial Engineers (vide Commu- 
nications of the R. I. Engineers’ Committee, 1861, vol. i., by Moritz Baron 
von Ebner, Colonel of the Engineers). However, it is said that the gases of 
gun-cotton were more poisonous in mines than those of gunpowder, and there- 
fore the use of gun-cotton for mining warfare is not to be recommended. If 
‘we compare the result of Lieutenant Karolyi’s analysis of the combustion-gases 
of gun-cotton with those of gunpowder as above given, we observe that both of 
them contain irrespirable gases; further, that they contain qualitatively the 
same sort of irrespirable gases ; and although the relative quantities of some of 
the gases from powder and gun-cotton are different, the effect of those gases 
leads to the same practical result, viz. that, after blowing up a mine, one cannot 
without danger approach the spot of the explosion before renewing the air 
by ventilation. In this respect, we may say that the gases of gun-cotton will 
be more quickly removed by ventilation than those of gunpowder, because 
the first-named contain a greater quantity of gases easily dissipated, since 
100 pounds of gunpowder contains 68 pounds of fixed solid matter, which 
alone suffices to make respiration almost impossible. It is not probable that 
an explosive compound will be found which will produce any other but irre- 
spirable gases. It is one and the same in practice, whether a cellar contains 
AQ per cent. of carbonic acid and 10 per cent. carbonic oxide, or 30 per cent. 
carbonic oxide and 20 per cent. carbonic acid, inasmuch as no one could, 
without danger of suffocation, enter such a cellar. Both the gases of guu- 
cotton and of gunpowder, according to Karolyi, may be ignited by a match.” 
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Report on the Chemical Nature of Alloys. By A. Mattutrssen, F.R.S., 
Lecturer on Chemistry in St. Mary’s Hospital. 


Ore knowledge of this subject is at present very limited; and, as far as we 
can ascertain, a liquid alloy of two metals may be either 

L. A solution of one metal in another, or 

2. A chemical combination, or 

3. A mechanical mixture, or 

4. A solution or mixture of two or all of the above. 


On the contrary, an alloy in the solid state may be either 


1. A solidified solution of one metal in the other, or 

2. A chemical combination, or 

3. A mechanical mixture, or 

4. A solidified solution or mechanical mixture of two or all of the above. 


Under the term solution of one metal in another, I understand one like that 
of ether and alcohol; for these two liquids may be mixed in any proportion, 
ard they will not separate, by standing, into two layers. Oil and water, on the 
cntrary, when shaken up well together, present for a moment a homogeneous 
ras, and as such may be considered a mechanical mixture of the two. The 
ase of mixing ether and water together 1s somewhat different; for ether 
denlves a certain amount of water, and water a certain amount of ether: when 
hese Equids, say in equal parts, are shaken well together, then, as with oil 
ind water, for a time a homogeneous mass will exist ; such a one, however, is 
wt a mechanical mixture of ether and water, but a mechanical mixture of a 
wlstion of ether in water and of water in ether. Again, when sulphuric 
tcd is added to a large quantity of water, the solution is not a simple 
me of sulphuric acid in water, but a solution of a chemical combination of 
riphuric acid and water in water. 

Under the term solidified solution, I understand a most intimate mixture, 
‘ech as would occur in the sudden conversion of a solution into a solid, and a 
ncch more intimate mixture than can be obtained by ordinary mechanical 
means—in fact a perfectly homogeneous diffusion of one body in another. An 
excellent example of a homogeneous diffusion is furnished by glass, which is 
{ymed in the quid state at a high temperature, and solidifies on cooling 
without separation of the different silicates. But how are we to find out 
vist an alloy is? Chemistry only affords us means (by analysis) by which 
ve are enabled to determine whether an alloy is a homogeneous mass or not, 
sereby indicating the presence or absence of mechanical mixtures. 

This is not enough for us to determine the chemical natare of alloys; we 
rust therefore look elsewhere and see whether we cannot gain information 
« the subject ; and in doing so we shall find that the study of their physical 
/perties offers a means whereby the chemical nature of an alloy may be 


The physical properties may be divided into two classes-— 
I. Those which do not indicate the chemical nature of the alloy. 
IL Those which do indicate the chemical nature of the alloy. 


To the first belong, for instance— 

l. Specific Gravity—On comparing those observed with those calculated, 
wry ttle difference will be found between the values ; take as example those 
cf the bismuth-lead alloys, and those of the metals tin and gold*®. 


* Phil. Trans. 1860, p. 177. 
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Biemuth-lead Series. 
Mean of rite gevity 
Alloy. i 9 
s olume. 
posta gravity . 

i PD .ccecccccces 0-844 | 1-7 9-845 
Be Po ...cseeeee ve 9-845 21:6 9-850 
Bio Ph .......eeee. ~ . $850 213° 9-856 
Bi, Pb .....eeeee | 9B8T 20° 0877 
Bin Pb wo... ee eens 9-893 19:5 9887 
Bi, Pb wo... ce eens. 9-934 21°] 9-902 
BL Ph ....ce.csec.| 9978 160 9-027 
Bi Pb ..,...---+--] 10-048 10°7 9-974 
Bi Pb ....... veces] 10235 12-5 10-098 
Bi Pb ......2..2.-1 10°58 14:0 10-290 
Bi Pb, ...... “7 10-956 14:9 10°541 
Bi Pb. ...é...cese 10-141 12°7 10-805 
Bi Pb, ........----] 11-161 14:8 10-942 
Bi Pb. ..,.....e0.. 11-188 20°8 11-026 
Bi Poo... ..ceeeee 11-196 20-2 11-083 
Bi Poy... ees e eee 11-280 22-5 11-238 
Bi Phy. eesesceee:] 11381 23-0 11-340 


Now I do not think it possible from such small differences as the above { 
deduce anything definite respecting the chemical nature of the alloys; stil 
as we shall see, they help in some cases to confirm deductiong from othe 

~~ —~hies. 


ystallene Form.—When zinc and antimony are fused together i 
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different proportions® and allowed to orystallize, the alloys containing from 
20-33 per cent. zinc crystallize in silver-white rhombic crystals, P: P (P:P 
at the terminal edges 118° 24’ and 95° 24’, at the lateral edges 116° 30’), and 
those containing from 43-70 per cent. sinc in rhombic prisms of 117° 63’ 
troncated at the edges. Further, it has been shown that the alloys of tin 
and gold containing from 25—43-:5 per cent. gold crystallize all in the same 
formf. This is therefore an important pomt to bear in mind, for it follows 
that alloys of a definite crystalline form are not necessarily chemical com- 
binations. 

3. Points of Fusion.—It isa matter of common observation that the fusing- 
point of a mixture is lower than the mean fusing-point of the constituents. 
The fluxes so well known in metallurgy exemplify this, as also do the alloys, 
es well as mixtures of the solid fatty acids. There is I believe no case known 
where the fusing-point of a mixture is higher than the mean fusing-point 
of the components. 

This fact admits of axplanation as follows :— 

Itis generally admitted that matter in a solid state exhibita excess of attrac- 
tion over repulsion, whilst in the liquid state these forces are balanced, and in 
the gaseous state repulsion predominates over attraction. Let us. assume that 
similar particles of matter attract each other more powerfully than dissimilar 
ones attract each other. It will then follow that the attraction subsisting 
between the particles of a mixture will be sooner overcome by repulsion than 
will the attraction in the case of a homogeneous body ; hence mixtures should 
fuse more readily than their constituents. 


To the second class of properties belong 

Conducting-Powers for Heat and Electricity.—According to some experi- 
menters the values obtained for the conducting-power of the metalst and 
alloys§ for heat and electricity are the same; se that, if e1ther of these pro- 
perties be determined for a series of alloys, we shall then be able to deduce 
their chemical nature; but before going into this subject more widely let me 
say a word respecting the other physical properties. To which of the two 
classes many belong it is at present impossible to say ; for the results obtained 
by different obeervers vary so much, and in most cases only a very few 
alloys have been experimented with. There is, however, no doubt that the 
determination of some of the other physical properties would materially aid 
us in ascertaining the chemical nature of the alloys; but in order to obtain 
such results as will aid us in the inquiry, it is absolutely necessary to employ 
only purified metals. I do notsay chemically pure; for no chemist would give 
much credit to anyone stating that he had prepared 5 to 10 kilogrammes of 
any metals in a state of chemical purity, such being the quantities required 
to carry out one such research. The only manner to proceed in such cases is 
to satisfy oneself, by repeatedly purifying and by using metals of different 
preparations by different methods, that the amount of impurity remaining 
with the metal has no influence on the results obtained. For of what use is 
a research into the physical properties of the metals and their alloys made 
with impure metals, when we know that traces of impurity materially affect 
and alter them ? 

I will new proceed to show how we may deduce the chemical nature 


* J. P. Cooke, Journ. Amer. Acad., New Series, vol. v. p. 887. 

+ Matthiessen and v. Bose, Proc. Royal Soc. (1861) vol. xi. p. 483. 
$ Wiedemann and Frans, Poss. Ann. vol. Ixxxix. p. 497. 

§ Wiedemann, Rogg. Ann. vol. cviii. p. 393. 


40 REPORT—18638. 


of alloys in a solid state, from the determination of their conducting-powers 
for. electricity *. 

The number of alloys experimented with was upwards of 250; they were 
all made of purified metals, and their conducting-power determined with a 
modification of Wheatstone’s balance, arranged by Kirchhoff, under whose 
direction the first results were obtainedt. The method of observation 
emanating from such a distinguished physicist is a sufficient proof of its 
accuracy and trustworthiness. And here a great difficulty in carrying out 
such researches may be mentioned ; for one is apt to fall into one of two errors: 
either the metals used for the experiments are not pure, or the method em- 
ployed for the determinations is faulty. Thus, for instance, compare the 
experiments on the influence of temperature on the electric conducting-power 
of the metals between 0° and 100°. Calling the conducting-power of each 
at 0° 100, at 100° it is, according to 


Conducting-power at 100° 

enamgrs 3 Ienst.  Arndteen§. _ Beoquerell]. a oe 
Silver .... 100 74:5 74:5 71:3 71°6 
Copper.... 100 107 71:7 70°8 70:3 
Gold...... 100 84-9 as 74-6 71:7 
Zinc...... 100 ees wees 73:1 71-2 
Cadmium ., 100 a ees 712 70:7 
Iron ...... 100 seus 68-3 67°9 6] :2¢* 
Tin ...... 100 71:8 eee 61:8 70-1 
Platinum .. 100 wees 75:4 84-3 
Lead...... 100 71:4 72:6 69-7 70-4 
Antimony.. 100 —_ —_ bees 705 
Arsenic.... 100 wees eee woe 69:9 
Bismuth .. 100 ; 70°7 


Now Lenz and Arndtsen experimented with commercially pure metals. 
Arndtsen remarks at the end of his paper, ‘‘ From the foregoing data it is 
very probable that the influence of temperature on the conducting-power of 
all metals in the state of absolute purity would be found to be in all cases 
the same.” Becquerel, on the contrary, used pure metals for his experiments, 
but his method of observation was very indifferent. The results given in the 
last column were obtained by the employment of Kirchhoff’s arrangement of 
Wheatstone’s balance, as well as pure metals. “On looking at the above, it 
is obvious that from the last series we may deduce the law that the conduct- 
ing-power of pure metals (iron excepted) decreases between 0° and 100° in 
the same degree ; whereas from the others the existence of the law is only 
problematical. : 

The conclusions drawn from the research on the electric conducting- 
power of alloys were as follows :— 

That in respect to this property the metals may be divided into two classes. 

A. Those metals (lead, tin, zinc, and: cadmium) which when alloyed with 
each other conduct electricity in the ratio of their relative volumes. 

B. Those metals (bismuth, antimony, platinum, palladium, iron, aluminium, 
gold, copper, silver, and probably most of the other metals) which when 


* Phil. Trans. 1860. + Phil. Mag. Deo, 1859. 
$ Pogg. Ann. vol. xxiv. p. 418, and vol. xlv. p. 10. 8 Pogg. Ann. vol. civ. p. 1. 
mn. de Chim, et de Phys, (8) vol. xvii. p. 242. 
'L Trans. 1862, p. 1. oo, ** Proc. Royal Soc. vol. xii. p. 472. 
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alloyed with one another, or with one of those belonging to Class A, do not 
conduct electricity in the ratio of their relative volumes, but always in a lower 
degree than that calculated from the mean of their volumes. In the above 
statement I have assumed the theoretical conducting-power of an alloy equal 
to that of the components, under the supposition that each of them is a separate 
wire, lying side by side, and soldered together at the ends. 

If we now look at the curves representing the conducting-power of the 
different series of alloys, we shall find that (see Plate V.)}— 

I. Those belonging to the alloys made of the metals of Class A with one 
another are almost straight lines. As type the lead-tin curve is given. 

Ii. The curves of those made of the metals of Class A with those of Class B 
show a rapid decrement on the side beginning with the metal belonging to 
Class B, and then turning and going in a straight line to the other side, 
namely to the Class A metal. As type the tin-copper curve is given, 

Ill. The curves of those made of the metals of Class B with one another 
show a rapid decrement on both sides of the curve, and the turning-points 
connected with each other by nearly straight lines. As type the gold-silver 
curve is given. 

The curves, then, representing the conducting-powers of the alloys having, 
according to the class of metals of which they are made, almost always the 
seme form, we may, if we know to which class the metals composing them 
belong, draw a curve which will approximately represent the conducting- 
ind of a series of alloys. Of the exceptions to this rule I shall presently 


Iet us now examine the first group of alloys, and see what grounds there 
are for supposing that the solid alloys belonging to it are only solidified 
solutions of the one metal in the other. In order to do this, I shall show that 
they are neither mechanical mixtures (with exception of the lead-zinc alloys) 
nor chemical combinations. 

First. If they were mechanical mixtures, the metals composing them, if 
their specific gravities were not the same, would separate into two layers 
when fused and cooled slowly, as in the cases of the lead-zinc alloys®; for 
when these two metals (say equal parts) are fused together and allowed to 
cool slowly, they separate into two layers, the upper one (zinc) containing 
1:2 per cent. lead, and the lower one (lead) with 1°6 per cent. zinc. Now if, 
instead of cooling the mixture slowly, it had been cooled rapidly, such an 
alloy might be regarded as a mechanical mixture of a solidified solution of 
lead in sine and zinc in lead, or if well mixed in a liquid state, such a 
mixture would be analogous to one of ether and water when shaken up well 
together, and not as one of lead and zinc analogous to oil and water. 

A trae mechanical mixture of two metals, either in the liquid or solid state, 
is I believe not known. 

That the alloys of lead and tin, for instance, are not mechanical mix- 
tures, is proved by their not separating into two layers on being slowly 
cooled after fusion ; for, if they were, they would behave like lead and zinc, 
as tin and zinc have nearly the same specific gravities, that of tin being 7:293 
and that of zinc 7-148. 

2ndly. If these alloys were mechanical mixtures of the metals composing 
them, we should not be able to press homogeneous wires; now it has been 
proved that wires of the same alloy have the same conducting-power, whether 
tested at the end coming first or last out of the press, or whether pressed at 
different times, 

#* Matthiessen and v. Bose, Proc. Royal Soo. vol. xi. p. 430. 
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That these alloys in the solid state are not chemical combinations is 
indicated, First, by their having the theoretical conducting-power, as well 
as the theoretical percentage decrement * in their conducting-power between 
' 0° and 100°C. ; for the following law has been found to hold good for all 
alloys of the first and third groups, as well as for a part of those belonging 
to the second: The observed percentage decrement in the conducting-power of — 
an alloy between 0° and 100°C. ts to that calculated between 0° and 100° C. as | 
the observed conducting-power at 100°C. is ta that caloulated at 100°C. 
Secondly. It may be urged that the solidifying point not always being the © 
same as the point of fusion (for instance, in the lead-tin alloys), and the 
existence of the so-called stationary points, is a sign of chemical combination. — 
They certainly do poini to the probable existence of chemical combinations in — 
the liquid alloy, but not in the solid. That chemical combinations may exist — 
at high temperatures in a fused mass, which suffer decomposition on cooling — 
er solidifying, becomes very probable from the following experiment :—When | 
iron and excess of iodine are heated together in a stout glass tube, the iodine 
combines with the iron to form a compound, which decomposes with evolu- 
tion of iodine on being cooled, the protiodide of iron remaining behindf. | 
Wanklyn and Carius, who made the above observation, suppose that at the high 
temperature the periodide of iron is formed, and that, on cooling, this salt 
splits up into the protiodide of iron and free iodine. May we not assume that 
what has been shown to occur with iodine may also occur with other elements 
—oxygen, for instance, it forming with some bodies at high temperatures 
oxides which suffer decomposition with evolution of oxygen at lower one. 
This would then give us the explanation of the spitting of silver. Supposing, 
therefore, that chemical combinations can exist at high temperatures which 
suffer decomposition on cooling, we can then understand why some alloys — 
fuse at one temperature and solidify at a lower one: for example, the tin-lead 
alloys, according to Pillichody tf, 


Sn,Pb, SngPb. 8m, Pb. SnPb, SnPb, SnPb,. Sn Pb, 


Fuse.... 187 181 197 235 276 288 g03 
Solidify.. 181 181 181 181 181 181 #181 


who makes the following remarks on them :—<‘‘ When the points of solidifica- 
tion are observed by immersing the thermometer in the melted alloy, it 
usually exhibits, during the passage of the mass from the liquid to the solid 
state, two stationary points. This effect is due to the separation of one or other 
of the component metals, while an alloy of constant composition still remains 
liquid. This alloy has the composition of Sn,Pb. An alloy richer in lead 
would first deposit lead, and an alloy containing a larger proportion of tm 
would first deposit tin,—the alloy Sn, Pb remaining liquid for a longer or 
shorter time, and ultimately solidifying at 181°, This temperature therefore 
eorresponds to the lowest melting-point that can be exhibited by an alloy of 
tin and lead, a larger proportion of either metal causing the melting-point to 
rise 3 


These low fusing-points are no proof of the existence of chemical combins- 
tions in the solid alloy, but admit of explanation by assuming that chemical 
attraction between the two metals comes into play as soon as the temperature 
rises, and the moment the smallest portions melt, then the actual chamical 
compound is formed which fuses at the low temperature, and then acts as & 

* Matthiessen and Vogt, Proceedings of the Royal Society, vol. xii. p, 652. 
t Liebig’s Ann. vol. ext. p. 68, t Tours. Chem, Gos. vol. xr p. 30. 
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solvent for the particles of metal next to it, and so promotes the combination 
of the metals where this can take place. When the alloy Sn Pb,, for instance, 
wlidifies, it muat not be strictly regarded as a homogeneous diffusion of tin 
and lead in one another, if Pillichody’s statement be correct (although it will 
not be far from it, as all the tin-lead alloys have the theoretical condusting- 
power), but rather as a homogeneous diffusion of tin and lead in one another 
from the formation of the alloy Sn, Pb, with the excess of lead mechanically 
diffused through the masa, as this, according to him, separates out before the 
alloy 8n, Pb solidifies. 

With respect to the chemical nature of these and other alloys in a liquid 
state little is known; it is, however, very necessary to draw a line between 
the solid and the liquid alloy, when speaking of their chemical constitution, 
Nodoubt the determination of the electric conducting-power of the liquid will 
throw much light on their chemical nature. The investigation of those 
where the so-called stationary pointa have been observed, and where the 
melting and solidifying points do not coincide, will be especially interesting. 
As yet, I believe, no such observations have been made. 

Passing on now to the alloys of the second group, the question for consider- 
ation will naturally be, what ig the cause of the rapid decrement in the 
conducting-power of Class B metals when alloyed with traces of one of the 
Class A metale (im the solid alloy) ? 

That it ia net due to the formation of chemical combinations, is proved by 
the following :— 

I. At the turning-points of the surves representing the conducting-power 
of this group of alloys they contain only very small percentages of the Class A 
metal, Thus, at, those of the alloys . 

Feuoontage at 


Bismuth-tin peeeeeoeosy Al 
Bismuth-lead .. ...... lead 2:0 
Silver-tin ,,..ccceeses-stin 26 


Il. The great similarity of the curves of this group speaks greatly against 
the existence of chemical combinations in the solid alloy. The curves of the 
following series show this in a very marked degree :—the bismuth-lead, bis- 
muth-tin, copper-tin, copper-zinc, silver-lead, silver-tin. 

Til, On examination of that part of the curve where the rapid decrement 
takes place, we find that it requires about twice as much lead as of tin to 
reduce the conducting-power of the Class B metal to the same extent; thus, 
to reduce that of silver to 67, it would require 0-9 vol. per cent. of lead, or 0°7 
per cent, of tin; and to reduce it to 47-6, 1-4 vol. per cent. lead, or 0-7 per 
cent, fn, Again, to reduce bismyth to 0-261, it would require 0°4 vol. per 
cent. lead, or 0°62 per cent. tin; and to reduce it to 0-255 with lead, or to 
0-245 with tin, it requires 1-76 vol. per cent. lead, or 0°85 per cent. tin *, 

From these facts we can hardlyassume that the rapid decrement in the curve of 
the Class B metal ig due to the existence of chemical combination. The reason 
of this great decrement in the conducting-power might be looked for in the pro- 
cess of solidification, for it is well known what a great effect traces of foreign 
metals have on the crystalline structure of some metals, Cooka has, [ think, 
stated that absolytely pure antimony crystallizes with great difficulty,—an ob= 
servation which I can corroborate; for, when trying to obtain crystals of that 
metal for thermo-electric experiments, I found that the purer the antimany 
the emaller the crystals, in fact I could not obtain any for my purpose. 


* Phil. Trans, 1860, p. 171. 
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Again, Mr. W. Baker (of Sheffleld) informs me that just the converse takes 
place with lead; for the purer the lead the larger the crystals. Now, these 
facts being known, it seemed possible that in alloying some metals with traces 
of others, either the crystalline form of the alloy might be altered or the 
tendency to crystallize increased or decreased, and thus cause the great change 
in the conducting-power. This supposition is, however, proved wrong by the 
following experiments* :— 

I. If to melted tin traces of lead or bismuth be added, a decrement in tho 
conducting-power is observed which increases with each successive addition of 
metal, 

II. If to melted lead traces of tin be added, an increment in the conducting- 
power is observed ; if, on the contrary, bismuth be added, a decrement. 

III. If to melted bismuth traces of tin or lead be added, a decrement; but on 
further addition, an increment in the conducting-power will be observed. This 
behaviour corresponds with that of these metals in the solid state ; in fact, if 
the conducting-powers of a series of these alloys in a liquid state were deter- 
mined, the curve representing them would in all probability be similar to 
that of the alloys in a solid state. 

The explanation which I would offer of the cause of this behaviour is as 
follows :— 

Let it be assumed that the metals belonging to Class B, when they are 
alloyed either with one another or with one of Class A, undergo a change (in 
other words, are converted into an allotropic modification), and that this change 
is brought about by a small quantity of the other metal, the quantity of the 
metal required to complete the conversion being dependent on the metal em- 
ployed. With the help of this hypothesis, we are able to explain many of the 
phenomena which occur when making the alloys, as well as the reason of the 
marked change in most of the physical properties of some metals when alloyed 
with traces of another. 

A few examples will show this clearly. Take, for instance, the case of the 
zinc-copper alloys, the curve representing the conducting-power of these 
alloys has the same form as those of the other alloys belonging to this group, 
and the percentage decrement in their conducting-power between 0° and 100° 
is exactly that which would have been deduced from the law which regulates 
this property. From these results it may be deduced that solid alloys of anc 
and copper are only solidified solutions of zinc and of an allotropic modifica- 
tion of copper in one another. 

Some experimenters have expressed their opinion that there exist chemical 
compounds in these alloys; and they base their supposition on the following 
facts :— 

I. When zinc is added to copper in the melted state, a great evolution of 
heat is observed. 

II. That some of the zinc-copper alloys crystallize more readily than others. 

Storer,in his paperf ‘“‘ On theCopper-zinc Alloys,” states, “It is awell-known 
fact that the combination of copper with zinc is attended with ebullition of 
considerable violence, so that portions of the melted mass are often thrown to 
a distance of several feet from the crucible. Yet it does not appear to have 
been previously noticed by chemists that this action is much more energetic | 
while the first portions of zinc are being added to the copper, and that the 
loss of zinc by volatilization is far greater at this time than at any subsequent 
stage of the operation.” This fact may be explained by assuming that the specific 
heat of the allotropic modification of copper is less than that of copper in its 

* Matthiessen and Vogt, Phil. Mag., March 1862. 
+ Memoirs of the American Academy, vol. viii. p. 26. 


ON THE CHEMICAL NATURE OF ALLOYS. 45 


ordinary state; hence the great evolution on the addition of the first portions 
of une to the melted copper, for it only requires a small quantity of zinc to 
ewavert copper into its allotropic modification. Person has already proved that 
heat is evolved when melted lead is added to melted bismuth, and he explains 
it by assuming that the specific heat of the alloy is less than that of the com- 
ponent metals. The great evolution of heat might possibly be an indication 
of the existence of chemical compounds in the liquid alloy ; but of this we 
hive at present no data upon which we can go, as very little is known as to 
the behaviour of these alloys in a liquid state. 

Storer in the same paper* states, “ Upon the assumption that the crystals 
of the alloys of copper and zinc belong to the regular system, as well as upon 
the fact that none of the crystals have been found to contain any larger 
quantity of the component metals than was contained in the remainder of the 
moten hgquid from which they were separated, I have based my conclusion 
thst the alloys of copper and zinc are isomorphous mixtures of the two motals ; 
ca this hypothesis it is of course presumed that both copper and zinc are 
capable of crystallizing in the regular system.” And, further on, “ Indeed 
thse fibres, although described by Calvert and Johnson as prismatic crystals 
inLeating that the alloy Cu Sn is a definite chemical compound, are evidently 
txthmg more than a collection of octahedral crystals, similar to those which 
form the fibres of sublimed sal-ammoniac and of several metals.” 

This answer, respecting the existence of chemical compounds in these alloys, 
sufficient to prove their non-existence, more especially when it has been 
town, which I have already pointed out in this Report, that alloys of a de- 
Sxite crystalline form are not necessarily chemical compounds. 

Storer, as will be seen from the above, has arrived at nearly the same con- 
‘asions with regard to the chemical nature of these alloys as I have done, 
the main difference being that he has not taken into consideration the marked 
change in most of the physical properties of copper when it is alloyed with 
traces of zinc. 

It has been shown that the action of reagents on these alloys is different to 
tlar action on the two metals in contact with one another, and that this 
3 an indication of the existence of chemical compounds. By the above 
“ypothesis, this behaviour may be explained by assuming that the action of 
reagents on the allotropic modification of sopper is not the same as their action 
‘3 ordinary copper; when, therefore, we try the action of different reagents 
"2 alloys, we cannot expect to find the same results as when experimenting 
oa the metals unalloyed in contact with one another. Another reason for 
de different action of reagents on alloys and on the metals in contact with 
exe another is, that in every case one metal is attacked more easily than the 
cher, so that after a certain time the mass of the alloy becomes covered with 
a wating of the more difficultly soluble metal, whereby it is protected from 
te farther action of the reagent (gold-assaying). 

What was said of the lead-zinc alloys may also apply to those of bismuth- 
tn-; for when these metals are fused together, they do not mix with each 
cer, but separate into two layers, the upper one (zinc) containing 2°4 per 
r3t. bismuth, and the lower one (bismuth) with from 9 to 14 per cent. zinc. 
Here then, again, we have another example of mechanical mixture ; for if these 
metals were mixed together in a liquid state, such a mixture would be one of 
2 iation of the allotropic modification of bismuth in zinc, and one of zinc in 
the allotropic modification of bismuth ; or if the mixture were cooled rapidly, 
it would be a mechanical mixture of a solidified solution of the allotropic 


* Memoirs of the Americen Academy, vol. viii. p. 29. 
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modification of bismuth in sino, and of sino in the allotropic modification ¢ 
mit q 

The above hypothesis explains also why bismuth, when alloyed in th 
liquid state, with traces of lead or tin shows a decrement, but on furthe 
addition an increment in the conducting-power ; for it may be assumed thi 
the metals of Class B, when alloyed in the liquid state with traces c 
another, are also converted into an allotropic modification. This is an import 
ant deduction ; for it shows that the hypothesis will hold good, not only fo 
alloys in a solid, but also for alloys in a liquid state. Passing on to anothe 
series of alloys belonging to this group—namely, the tin-gold series,—it wil 
be seen that the ourve representing the conducting-power of these alloys ha 
not the typical form of this group. If it be examined, it will be found tha 
the causes of the irregularities are chemical combinations. Beginning at th 
tin side of it, we find a slow decrement in the conducting-power to the allo: 
Sn, Au, then a gradual increment to Sn, Au, and from this point a slow de 
crement to Sn Au,. Owing to the brittleness and infasibility of the alloy 
between Sn Au, and that containing 2°7 per cent. tin, no alloy within thes 
limits could be pressed or drawn into wire. From the alloy containing 2°7 pe 
eent. tin to pure gold, the curve becomes a straight line. 

That the alloys at these turning-points may be regarded as chemica 
combinations, is proved by the following facts (see Plate Y.):— 


I. That these points represent alloys of definite chemical composition. 

II. That they represent alloys containing large percentages of each metal, 
Sn, Au containing 60 per cent., Sn, Au 37 per cent., and Sn Au, 13 per cent, 
tin 


ItI. That the specific gravity of the alloy Sn, Au is almost equal to that 
calculated, whereas Sn, Au expands, and Sn Au, contracts more than any of 
the other tin-gold alloys experimented with. _ 

IV. That the percentage decrement in conducting-power of these alloys 
between 0° and 100° does not follow the before-mentioned law. 

V. That tin and gold dissolve in one another with great readiness ; for if 
to melted tin gold be added, it dissolves in the tin immediately, and evolves 
so much heat that it is necessary not to add too much at once for fear of 
losing the contents of the crucible. Copper, on the contrary, placed in melted 
tin, takes a long time to dissolve in it. Assuming that some of the solid gold- 
tin alloys are chemical compounds, we then have examples of solid alloys 
which are solidified solutions of a metal (tin) and a chemical compound 
(Sn, Au) in one another, represented by the part of the curve between pure 
tin and Sn, Au—or solidified solutions of two chemical combinations in one 
another (Sn, Au and Sn, Au), represented by that part of the curve between 
Sn, Au and Sn, Au, and between Sn, Au and Sn Au,. 

After what has been already stated, the third group of alloys will require 
very little to be said with regard to their chemical nature; it is only 
necessary to point out that most of them are only solidified solutions of the 
allotropic modifications of the metals in one another. The curves repre- 
senting the conducting-power of the different series of alloys all have the 
typical form ; and the conducting-power decreases between 0° and 100° ac- 
cording to the theoretical amount. 

The alloys of copper-silwer, however, form an exception ; for some of these 
alloys may be regarded as mechanical mixtures. According to Levol, when 
silver and copper are fused and well stirred together*, if allowed to coal 


* Journ. de Pharm. vol. xvii. p. 111. 
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slowly, different parts of the alloy will be found to contain different percent- 
eges of me 

Having shown, by examples taken from different groups of alloys, how 
their chemical nature may be indicated by the determination of their con~- 
ducting-power for electricity, I will proceed to classify the solid alloys com- 
posed of two metals, according to their chemical nature :— 

1. As solidified solutions of one metal in another, we have the lead-tin, 
csdmium-tin, zinc-tin, lead-cadmium, and zinc-cadmium alloys. 

2. As solidified solutions of one metal in the allotropic modification of the 
other, the lead-bismuth, tin-bismuth, tin-copper, zinc-copper, lead-silver, 
and tin-silver alloys. 

3, As solidified solutions of the allotropic modification of metals in one 
another, the bismuth-gold, bismuth-silver, palladium-silver, platinum-silver, 
gold-copper, and gold-silver alloys. 

4. As chemical combinations, the alloys the composition of which is re- 
presented by Sn, Au, Sn, Au, and Au, Sn. | 

5. Assolidified solutions of chemical combinations in one another, the alloys 
whose composition lies between Sn, Au and Sn, Au, and Sn, Au and Au, Sn. 

6, As mechanical mixtures of solidified solutions of one metal in another, 
. the alloys of lead and zinc when the mixture contains more than 1-2 per cent. 
lead or 16 per cent. sinc, . 

7, As mechanical mixtures of solidified solutions of one metal in the allotropic 
modification of the other, the alloys of zinc and bismuth when the mixture 
contains more than 14 per cent. zine or 2:4 per cent. bismuth. 

8, As mechanical mixtures of solidified solutions of the allotropic modifi- 
cations of the two metals in one another, most of the silver-copper alloys. 

With regard to the hypothesis which I have brought forward in this Report, 
I would point out that it serves to explain the phenomena which take place 
when some metals are alloyed with others. The assumption of the existence 
of the allotropic modifications of the metals explains the turning-points of the 
curves which represent alloys containing very small percentages of the one 
metal ; for at these points it is assumed that the conversion into the allotropic 
condition is complete. It must be borne in mind that most of the other phy- 
sical properties of the metals belonging to Class B are also altered in a marked 
degree by the addition of a small percentage of another metal: take, for 
instance, the case of gold or silver, and alloy them with traces of tin or lead, 
and how altered are the tenacity and ductility of the alloy so formed ! 

Until, however, the allotropic modifications have been isolated, the assump- 
tion made in this Report must remain an hypothesis. A fact may be mentioned 
in its support ; namely, sulphur when heated to a temperature of 60°, and 
then cooled rapidly, is converted into an allotropic modification. Dietzenbach 
has observed that this conversion is brought about at 120° if zt, of iodine be 
added to the sulphur, showing that the presence of a small quantity of iodine 
has a marked effect on the conversion of sulphur into an allotropic condition. 

It may be asked, How can we deduce the chemical nature of a series of 
alloys from the determination of a physical property such as their conducting- 
power for electricity ? We reply, from this property taken alone it is impos- 
sible to draw any conclusion of the kind, but that since, in the case of those 
alloys whose constitution is known by direct chemical and other evidence 
(silver-copper (Levol), xinc-copper (Storer), gold-silver), their conducting- 
power is found to be such as their chemical constitution would lead us to ex- 
pect, this property may legitimately be taken in evidence as to the nature of 
those alloys which have not bean examined chemically, and that in this respect 
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the property in question stands exactly upon the same footing as other physic 
properties, such as specific volume, specific heat, isomorphism, &c., which ¢ 
not directly indicate anything with regard to the chemical properties | 
bodies, but which, after having been found to bear a relation in very man 
cases to those properties, are safely taken as guides in drawing conclusions | 
to the nature of bodies whose chemical character is as yet unknown. 


On the Chemical and Mineralogical Constitution of the Granites of 
Donegal, and of the Rocks associated with them. 


By a Committee consisting of Robert H. Scott, Sir R. Griffith, Bart., and th 
Rev. 8. Haughton, M.D., F.R.S., appointed at the Manchester Meetin 
1861. 

THe county of Donegal consists to a great extent of metamorphic rock 

However, in its southern portion there is a district in which strata belongin 

to the Carboniferous period are found. The granites of the county, whicl 

are the main subject of this report, are found in several localities. The mos 
extensive appearance of rocks of this nature is in a tract whose longer dia: 
meter is about 30 miles in length, and coincides nearly exactly with the axi 
of the valleys of Gweebarra and Glenveagh, which traverses the county in 
direction from N.E. to8.W. In Glenveagh the granitic district is confined 

to tho valley itself, and is flanked on each side by other rocks; but as soon a 

wo reach the head of that glen, we find that the granite extends over tht 

whole country to the westward, and forms almost the entire coast from 

Bloody Foreland to the mouth of the Gweebarra River. 

Closely connected with this tract of granite are the isolated patches of the 
same rock which are found at several points, such as Ardara, Urrismenagh 
(near Dunaff Head), and Ardmalin—all of them situated nearly along the line 
of the great valleys before mentioned. Granite also appears in small quantity 
in Fanad and Rossguill, and on the south coast of Arranmore Island. The 
granite of the Bluestack and Barnesmore Mountains, in the 8.E. of the county, 
is very dissimilar in its appearance to that of the western district ; and although 
they may be generalized in a map sufficiently under a common designation, yet, 
from internal evidence, we are not disposed to consider them to be connected 
with each other. | 

The other rocks which occur in the district which comes under our notice 
are gneiss, mica slate, quartz-rock, grit, crystalline limestone, and a variety 
of syenitic® rocks, which do not differ much from each other in chemical 
constitution, although they are very dissimilar in texture. The true gneiss 
(as distinguished from gneissose granite) and the mica siate are found chiefly 
in the south of the county. 7 

Before we proceed to discuss the chemical composition of the granites, 1t 
may be well to give a sketch of the geological features of the district, 05 
observed during the several tours made by the members of the Committee 10 
pursuit of this investigation. On one of these Mr. Jukes, Local Director of 
tho Irish Geological Survey, was kind enough to accompany us and give us the 
benefit of his valuable assistance and experience of similar rocks in New- 
foundland. 

” The term syenito is used for any coarsely crystalline rock containing, as its most im- 

at constituent, a hornblendic mineral, associated with a feldapar, and occasionally 
juarts or mica, or both, Some analyses of these rocks are given in Table VL. p. &- 
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We shall commence the description of the county with an account of the 
mocks observed in Innishowen, and proceed in a S.W. direction from that 
harony. In the north of Innishowen the rocks consist of grits, arystalline 
lmestones, mica-slate, and a variety of igneous rocks (greenstones and 
rrenites). The whole of these rocks are contorted considerably about Culdaff, 
sad from that to Malin Head they exhibit a consecutive section, of which the 
dis increase a8 you go westward, the beds being nearly horizontal at Culdaff 
snd slong the ahore towards Glengad Head. 

The grita of this part of the county are true grits, not having been suffi- 
oatly metamorphosed to form quartzites until we reach a more westerly 
pont. There are a few beds of potstone and soapstone scattered through 
the argillite beds, but they are not of so much importance as those found at 
Caroy, Crohy Head, and in other parts of the county. 

There is also found in the mica-slate a series of beds of chalcedonic 
emglomerate, which is very characteristic of this district. Of this conglo- 
berate the cement is micaceous, and the pebbles are mainly siliceous (of the 
"tkedonic variety), but consist also of feldspar and of portions of the mica- 
tate itself, Similar conglomerates to these are described by Mr. MacFarlane * 
8 characteristic feature of the Huronian Series of Canada, and of their 
Sewegian equivalents, called by Naumann the Tellemarken Quarts-formation, 
fom the district of that name in the south of Norway. Keilhaut says of 
them, that they occur in repeated alternations with hornblende rock; the 
ement is micaceous, and the pebbles sometimes feldspathic, sometimes 
Gurtase, and sometimes of still more varied natures. In some places, he 
sm, the concretions are apparently imbedded fragments of the rock itself, 
&: if it had been broken up and the pieces had been irregularly joined 
vogcther, 

A deseription of conglomerates similar to these is to be found in the Reports 
f the Geological Survey of Canada ; and we are of opinion that similar conglo- 
nerates have been discovered by two of our number in Scotland, viz. by Sir R. 
imifith at Anie, not far from Callander, and by Professor Haughton at the 
xamit-level of the Crinan Canal. 

ltis very remarkable that the igneous rocks, which, as has been said before, 
i very abundant in the county, are undoubtedly cotemporaneous with the 
teimentary rocks of Innishowen. This fact is observable along the coast, 
"tt itis noticeable in the most striking manner between Buncrana and Carn- 
taagh, about fire miles from the former place, the whole of the hills lying 
between Slieve Snaght and the Raghtin Mountains being composed of 
bimating beds of quartz-rock and syenite, dipping at a low angle to the 
atward, This is beautifully exhibited in the mountain of Binmore, lying 
2 the district of the Barr of Inch, close to the Mintiagh Lakes. This hill 
wi the mountain Bulbin are terraced like the trap hills of Antrim; but on 
‘ dose examination it is found that, although the whole face of the rock 
pears to be colummar, it consists of alternate beds of quartz-rock and 
yente, as before described. The columnar structure of the former is due to 
“¥ smultaneous development in it of three series of joints inclined to each 


ker at angles approaching those of a regular hexagon. ‘Those joints are all 
* We ahonid here express our acknowledgments for the assistance we have derived 
"s Dr. 


fon Se W. T. Sterry Hunt’s “ Report on the Rocks of Canada,” now 
& process of pablication by the Geological Survey of that country; and from Mr. Mac- 
Parlane's reo papers “On the Primitive Formations in Norway and Canada,” ‘ Canadian 
Net zakst and Geologist for 1862 
segs Serveeicn, pp. 480, 483, 
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of them traceable in other parts of the county, but it is only here that hey 
assume a development of such importance. 

On passing west from Buncrana towards Dunaff Head, through the gap of 

Mamore, it is found that, as we approach the granite at Urriamenagh, the 
dip of the beds increases from 45° to nearly absolute verticality. The granite 
of Urrismenagh does not present many features of interest, as the rocks m 
immediate contact with it are quartzose, and therefore unlikely to yield 
accidental minerals. 
- The rocks lying between Rathmullen and Milford are similar to those 
which have been already described as occurring in Innishowen; however, 
the granite of Kindrum in Fanad deserves a special notice, as it is somewhat 
remarkable in its character, resembling the variety which is found at Ardara 
and also in the island of Arranmore, as will be noted hereafter. It is, in 
general, white, and contains a large quantity of black mica and of sphene; 
but there is a considerable quantity of a reddish granite found disseminated 
through it. The nature of this granite differs materially from that of the 
typical granite of the central valley. It is a remarkable fact, that all the 
localities in which this white ‘sphene-granite ” (as we call it, from the great 
abundance of that mineral in it) occurs are situated at a distance from the 
eentral granitic area. 

At Glen, which is situated close to the head of Sheephaven, and at the 
northern extremity of the lake of that name, the central granite ends rather | 
abruptly ; it is flanked on the east side by a very peculiar, highly micacecus — 
gneiss, called in the district ‘“‘black granite.” Of this rock there are two — 
varieties, one of which contains a reddish feldspar, the other a grey one, this — 
latter exhibiting the strixz of an anorthic feldspar. The granite itself isvery | 
similar in its appearance to that which occurs near Doocharry Bridge in the — 
Guibarra valley, and is characterized by the presence of the two feldspars, 
orthoclase and oligoclase, the orthoclase being of a flesh-red colour. | 

Close to Glen, at Lackagh Bridge, on the road to Creeshlagh, we meet with 
& very remarkable illustration of the nature and relations of the rocks 
throughout the whole county. A series of quartzites and hornblende slates 
are met with, the latter passing gradually into syenites. Their strike 1 
E. 5° N., and their bedding vertical. They are traversed, along the strike, 
by a series of veins of granite, which rarely cross a bed, but still preserve the 
character of veins, not of beds, as they are decidedly not lenticular. 

Appearances precisely similar to this have been observed at Toberkeen, 
and at Stackamore, about half a mile north of Leabgarrow in Arranmore. The 
bearing of this fact on the geology of the county will be again referred to. 

The chief point noticeable about the neighbourhood of Dunfanaghy is the 
extreme development of a highly crystalline syenite, containing a large 
proportion of titaniferous magnetic iron. The octahedral crystals of this 
mineral are very noticeable on the weathered surface of the rock. The best 
specimens are obtainable close to M‘Swyne’s Gun, at Horn Head. The mag- 
netite also occurs in a rock composed mainly of black mica—an occurrence | 
very similar to that which it has in some parts of Norway. | 

The quartz-rock of Horn Head is highly characteristic, being eminetly 
flaggy in its nature, and splitting into long fluted blocks resembling Sigiana 
at first sight. This variety of the rock contains a considerable quantity of — 
feldspar disseminated through it in grains, as if ina porphyry. The same — 
sort of rock is found also at Crohy Head. There is another variety of quart?- — 
rock, which contains mica in large quantity as extraneous element, and i 
found to occur extensively in Arranmore. These two varieties of quarts-rock 
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have been noticed as occurring both in Norway and in Canada. In the former 
locality Keilhau especially refers to the feldspathic variety as being easily 
disintegrable into sand. It is a remarkable confirmation of this, that on the 
fist summit of Muckish Mountain, which is itself composed of this quarts- 
rock, there is a very large deposit of siliceous sand in a condition of nearly 
absolute chemical purity. 

The other variety is mentioned in the Report of the Geological Survey of 
Canada before referred to, in the following words :—<“‘The quartzites have some- 
times the aspect of sandstones, and at other times lose their granular texture 
and become a vitreous quarts. Not unfrequently the quartzite is thin- bedded 
and even schistose in its structure; and it sometimes holds a little mica, 
passing into a variety of mica-schist.” In Mr. MacFarlane’s paper, he alludes 
to both varieties as occurring in Norway. 

There is found throughout the county a considerable quantity of highly 
crystalline metamorphic limestone, which is usually of a bluish colour. No 
traces of fossils have as yet been discovered in it, although at one locality, 
Culdaff, concretions have been found whieh have been supposed by some 
persons to be the half-obliterated remains of corals. We do not see any 
reason for attributing an organic origin’ to them. The limestone-beds which 
occur in immediate proximity to the granite, but not in actual contact with 
it, are converted into white marble. Those which are found in contact with 
the granite have undergone a further alteration, several minerals having been 
generated in them. Among these we may mention garnet, idocrase, epidote, 
tremolite, &e. 

In almost all the localities where the limestone occurs in the granite, we 
find, in immediate contact with the limestone, a rock which we have termed 
“sphene-rock,” as it is characterized by the great abundance of that mineral. 
It consists of orthoclase, green pyroxene, and quartz; and in it we have 
discovered minute crystals of blue apatite, and in one locality (Glenleheen) a 
great abundance of white scapolite. 

Dr. T. Sterry Hunt, on seeing our sphene-rock, recognized it at once as an 
old friend. He says of it, ‘‘ Associated with the Laurentian limestones, there 
are frequently found beds of a coarse-grained rock made up of white feldspar 
and dark-green pyroxene with brown sphene, and occasionally with quarts. 
The feldspar is found to be orthoclase.” The rock is also well known to the 
(uarrymen in Canada as the next bed to the limestone. 

Although this seems to point to a certain similarity between the limestones 
of Donegal and those of the Laurentian rocks of Canada, we should say that 
we have not been able to discover any deposits of either apatite or graphite in 
apprecable quantity. These minerals are stated to accompany the Laurentian 
limestones, and to be an important feature in the rocks belonging to that series. 

_tnorder to examine the granite more thoroughly, we have crossed it several 
times, and have found the results of all the sections to be nearly identical. 
The granite is, in general, fine-grained ; but there is one important district to 
which this statement will not apply, viz. that on the west coast, which 
comprises Dunglow, Annagary, and Arranmore Island. In this part of the 
county the roek is coarsely crystallized ; and it is a remarkable fact that the 
same district is further characterized by the appearance in it of a series of 
jant-planes, which do not coincide with those observed in other parts of the 
county. Attention has already been drawn to this fact by Professor Haughton, 
mins in the Quarterly Journal of the Geological Society of London, vol, 
p. 405. 
In the very heart of its area, the granite, judging from hand-specimens, is 
E 
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true granite ; but when seen in the field, it is found to be stratified, the strike 
of the beds agreeing with that of the uncontorted sedimentary strata of the 
country, and the dip being nearly constant in amount, and uniformly to the 
eastward. In addition to these granitic beds there are numerous others 
(which become more abundant as you approach the edge of the district) which 
would be pronounced gneiss even from an examination of hand-specimens. 
This fact, which has been abundantly confirmed by observations in various 
localities, places the gneissose character of the rock, as a whole, beyond s 
doubt. The gneiss on the eastern edge of the granite, especially near 
Fintown and near Trawenagh Bay, is remarkable for the extraordinary 
development of crystallized orthoclase, of a red colour, which is to be seen in 
it, giving it an appearance very similar to that of the feldspar-veins at Castle 
Caldwell, which will be mentioned further on. 

As a further illustration of the gneissose character of the granite, we may 
draw attention to the fact that, in numerous localities, portions of highly 
contorted gneiss are found actually within the granite. This is the case at 
Bunbeg, Lough Anure, Annagary, at the head of Glenveagh, above Gartan 
Abbey, at Toberkeen, Lough Pollrory, near Trawenagh Bay, Glenleheen, and 
near Lough Errig. These fragments of gneiss are sometimes of slight extent; 
sometimes, as at Lough Errig, they extend for 40 or 50 yards. Such an 
appearance as this is usually accompanied by the presence in the granite of 
highly crystalline limestones. These occur at the head of Glenveagh, again 
under Altahostia, halfway down the lake, at Glenveagh Bridge, and at the 
Gap of Barnesbeg. At Glenleheen we found that the limestone occurred in 
four distinct beds, possessing a strike of E. 5° N., which is coincident with that 
obtained from the rocks at Lackagh Bridge. The appearance in each locality 
is not absolutely continuous ; but their identity of strike in different localities 
points to the existence of four distinct parallel beds. The three deposits of 
limestone in Glenveagh probably belong to the same bed, of which the con- 
tinuity has been interrupted. 

It is worthy of notice that this occurrence of non-granitic rocks in the 
granite is not strictly confined to the district where the texture of the rock is 
most decidedly gneissose, as in some of the localities (such as Toberkeen, 
Annagary, and Lough Anure) the limestone is found in contact with very 
coarse-grained granite. However, in this district there is ajseries of small 
patches of limestone extending in a curved line from Bunbeg towards Crohy 
Head and apparently bounding the district of Dunglow, in which the coarse- 
grained granite occurs. 

In illustration of this relation of the rocks to each other I may again quote 
Mr. MacFarlane, who says, after giving a synopsis of the rocks to be met 
with in the Primitive Gneiss of Norway, which he compares to the Laurentian 
Series of Canada :— 

‘¢ As to the mode in which these rocks are associated with each other, the 
whole of them are arranged in parallel layers or zones, side by side, under- 
lying or else overlying each other. Hitherto no regular succession of rocks 
has been marked ; they appear to be interstratified with each other without 
rule. The granitic masses are partly conformable with the parallel masses of 
the schistose rocks, and partly occur irregularly. It has been remarked that, 
when the granite becomes more or less gneissoid, its masses are regularly 
interstratified with the other schistose rocks; but where the granite is totally 
free from all traces of gneissoid texture, the form in which it occurs deviates 
more or less from that of layers or beds. A remarkable instance of this is 
described by Keilhau as occurring near Norefield*, There he saw a mass of 
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granite, which on the whole was gneissoid and bedded, gradually change at a 
certain place into a perfect granite, and then, in complete uninterrupted 
continuity, pierce the rock in the form of a dyke. Another instance is men- 
tioned of a granite rock occurring in the schistose rocksf ‘ partly in very regular 
layers, partly as isolated knolls and lumps, and partly as a multitude of veins, 
which in several places run through large portions of the neighbouring moun- 
tains as a close network.’ In spite of this, however, this granitic rock showed, 
im many places, a gneissoid structure. The relations of the hornblende schists 
and greenstones resemble those of the granite. The hornblende schist is 
regularly interstratified with the gneiss, mica-schist, and other rocks.” 

We have been induced to make this long quotation, owing to the great 

which it shows to exist between the district which comes under our 
notice and the Scandinavian peninsula. We have learnt from Mr. Jukes 
that he has observed similar phenomena on the coast of Newfoundland; and 
they were observed and noticed by Sir R. Griffith upwards of twenty years 
ago, when he was examining the county of Donegal for the purpose of pub- 
lishing his Geological Map. | 

The fact that in Donegal this gneissose granite is apparently intrusive in 
many places is abundantly proved by the occurrence of granite dykes cutting 
across the limestone at Drumnaha Gap, near Fintown, and in Dunlewy 
marble-quarry. It appears also in a striking manner at Pollnacally, near 
Trawenagh Bay, where the granite is intrusive into quartz-rock, and sends 
veins into hornblende-rock; and also at several localities on the south shore 
of Arranmore Island. 

Among the argillaceous beds which lie near the granite are found several 

of anthophyllite slate, which pass gradually into soapstone and potstone, as at 
Crohy Head, Gartan Abbey, Convoy, and elsewhere. At Crohy they are 
associated with a mass of light-green serpentine, which unfortunately does 
not occur in a sufficiently massive condition to be available for commercial 
purposes. The soapstone too is rendered impure by the presence of iron 
pyrites, to such an extent that its utility as a lubricating agent is seriously 
impaired. 
Arranmore Island consists mainly of quartz-rock of the micaceous variety, 
with interstratified and intrusive igneous rocks. At the S.E. corner of the 
island, from Leabgarrow to the chapel at Dion, we find a coarse-grained red 
granite, which takes a fine polish, and is remarkably free from joints. One 
block, measuring superficially 90x20 feet, is exposed on the sea-shore. 
Between this point and Torboy at the 8.W. corner of the island, a considerable 
portion of the coast is formed of white sphene granite, like that at Ardara, 
At Tordhu it contains some syenite and gneiss, the whole forming in places 
a network of veins, as was so well described by Keilhau in the quotation we 
have already made from ‘ Gea Norvegica.’ 

This granite, as well as the other rocks of the island, and the granite near 
Dunglow, is penetrated by numerous dykes, some of ordinary trap, others of 
amygdaloidal pitchstone, and some of felstone-porphyry. 

In the 8.W. part of the county, extending down to Teelin Head, we meet 
with mica-slate, abounding with iron-pyrites. Through this rock, especially 
in the neighbourhood of Ardara, there is disseminated a large quantity of 
syenite passing into hornblende rock. 

The granite of Bluestack and Barnesmore, as has been said before, differs 
in its character from that of the Gweebarra Valley, as it appears to consist of 
red orthoclase and quartz, with very little mica. It is traversed by numerous 


® Gea Norvegica, p. 367. + Ibid. p. 843. 
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dykes af pitchstone, some of which are amygdaloidal, and also by veins of 
amethyst and of smoky quartz, the latter in very large crystals. No lime- 
stone has as yet been found in contact with it, nor have we been able to detect 
any non-granitic rocks within its area. 

The district to the S.E. of the town of Donegal, extending to the shore of 
Lough Erne, near Belleek, and comprising part of the county Fermanagh, con- 
sists of a gneiss which is different in texture from that of other parts of the 
county. Along its northern edge we find mica-slate, abounding with large gar- 
nets, kyanite, schorl, and in some places sphene. In another locality, Agha- 
doey, we find dark-green serpentine with garnet rock; and the whole district 
ia penetrated by numerous veins of granite referable to two distinct types :— 

A. Veins containing quartz, pink orthoclase, white mica, black mica, and 
schorl. large. 

B. Veins containing quartz, pink orthoclase, yellowish-green oligoclase, 
black mica, with garnets, molybdenite, and copper pyrites. Crystals 
moderately large. 

As regards the probable age of the Donegal metamorphic strata, the Com- 
mittee do not wish to bring forward any statements in this Report, as we are 
of opinion that the district is too limited in extent for any safe reasoning of 
this nature to be based on its examination. It appears certain that rocks of 
the same nature occur in part of Connaught and in the west of Scotland; 
and it is to be hoped that the labours of the Irish Geological Survey in the 
one case, and of the Scotch Survey in the other, will put us in possession of 
data which they alone are in a position to ascertain, and which will finally 
determine the relation of these strata to the overlying fossiliferous rocks. 

Before we conclude this portion of our Report, we are bound to express the 
obligations of the Committee to William Harte, Esq., C.E., the county sur- 
veyor of the western district of the co. Donegal, who has been indefatigable 
in his exertions in aid of the researches which have been carried on; and also 
to J. Vandeleur Stewart, Esq., D.L., of Rock Hill, near Letterkenny, and to the 
Rev, Frederick Corfield, of Templecrone, from both of whom the Committee 
have derived valuable assistance. 


Chemical Constitution of the Granites, 

In investigating the chemical constitution of the granites of Donegal, we 
have analyzed fifteen specimens of granitic rocks from that county, and, in 
addition to these, we are enabled to lay before the Association the analyses 
(Nos. XVI., XVITI., Table V.) of two specimens selected from a series of Scotch 
granites, for which we are indebted to the kindness of Sir R. I. Murchison. 
These specimens were selected in consequence of their close resemblance to 
some of those which we find in Ireland. We have further analyzed some of the 
syonites, and several specimens of the simple minerals found in the granites 
and tho other rocks, 

The result of most of these analyses have already been published in the course 
of last yoar by one of our number, Prof. Haughton, in the ‘ Quarterly Journal 
of tho Geological Society of London’ (vol. xviii. p. 403), as a portion of his 
« Rxperimontal Researches on the Granites of Ireland.” We shall first speak 
of the individual minerals, then give the analyses of the rock-masses, and 
finally givo tho results of the mathematical investigation of the mineralogical 

tution of the granites. 


Minerals of the Granite of Donegal. 


‘ho minerals of the granite of Don may be divided into Constituent 
Accidental Minerals. egal may 
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The Constituent Minerals (A) are— 

1. Quarts. 3. Oligoclase. 5. White Mica. 

2. Orthoclase. 4. Black Mica. § 6. Hornblende (sometimes). 
Of these the first four are always present, and easily distinguishable from 
each other ; the fifth mineral, white mica, is found locally abundant, particu-- 
lly in vemns, associated with special accidental minerals; and the sixth 
nineral, hornblende, is found intimately mixed with black mica [as in lepi- 
denelane, Soltmann ] i in the more basic varieties of the granite. 


The Accidental Minerals (B) are— 
L Sphene, 3. Beryl. 5. Molybdenite. 
2. Schorl. 4. Garnet. 6. Copper pyrites. 


Of these latter we may say that sphene is the most characteristic, as it is 
fand throughout the county. It also occurs in considerable quantity in the 
ganite of Galway, which resembles that of Donegal in many respects. 


A. Constituent Minerals. 

1. Quertz.—The quarts entering into the composition of the granite is of 
ce usual grey variety; when found in veins, it sometimes forms fine black 
cystals, as at Brown’s Hill, Barnesmore, and sometimes smaller crystals of a 
nse-colour, as at Barnesmore and Sheskina-roan, sometimes of amethyst, as 
im Tawnewally Mountain. 

2. Orthoclase.—The orthoclase of the Donegal granite is generally red, but 
wactimes white: the following analyses show its composition :— 


Tasiz I.—Orthoclase of the Donegal Granite. 


1, 2. 3. 
62-80 63°60 
16°84 19°32 

0-96 0-80 
4°95 0°72 
0-11 0°14 
0-46 1°84 
14°91 13°55 
101-03 99:97 


Jo. 1. Glenveagh.— White, opaque, milky, forming crystals in the granite. 

Jo, 2. Croaghonagh, near Lough Mourne, above Barnesmore Gap,—Found in 
great bunches, isolated, in the middle of a very close-grained mica- 
schist, or gneiss of very fine grain. The feldspar is bright red, and 
associated with milky quartz, containing specular micaceous iron- 
oxide and ehlorite. The diameters of some of the bunches are 6 ft. 
They are probably the terminations of veins 2 ft. wide, ending in 

in the gneiss, and have all the appearance of having been 
filled by aqueous action at a high temperature. 

So.3. Castlecaldwell.—Found associated with white mica, quarts, black mica, 
and occasionally schorl and iron-pyrites, in veins penetrating the 
fine-grained gneiss of the district. The feldspar of these veins is 
worked for the manufacture of china, and burns white, although 
pink and red in the vein. ; 

call eoose the determination of the protoxide of iroa, if present, has been effected by 
8 
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3. Oligoclase-—The oligoclase of Donegal is of a honey-waxy-grcenish 
grey colour, and is easily distinguished from the orthoclase which accompanie 
it by. ita colour and by the fine striated lines that mark certain of its sur- 
faces of crystallization, and prove it to be an anorthic feldspar. The following 
analyses give its composition :— 


TasiEe II.—Donegal Oligoclase. 


No. 2. No. 3. 
59°28 62-40 
22-96 23°60 
1:94 ease 
4-65 5°62 
0-21 0-08 
6:48 7:04 
2°38 1-66 
Iron (protoxide) wee 0-10 wae 
Manganese (protoxide) wee 0°32 


98:32 | 100-40 


No. 1. Garvary Wood, near Castlecaldwell, Co. Fermanagh.—Pearl-grey, 
translucent; in veins in gneiss; associated with black mica, some 
orthoclase (pink), copper-pyrites, and molybdenite. 

No. 2. Precise locality unknown.—The specimen from which it was taken 
belongs to that variety of granitic syenite into which the granite of 
Donegal sometimes passes, as at the Black Gap, Pettigo. 

No. 3. Knader, near Ballyshannon.—This analysis has been made by Pro- 
fessor Apjohn, and was communicated by him to fhe authors. The 
specimen is more opaque than that from Garvary, and of a lighter 
colour. | 

4. Black Mica.—Black mica forms in Donegal, as in the Mourne Mour- 
tains, a constant and important constituent of the granite; it is always 
present, and becomes green when decomposition sets in. 

The following analyses show its chemical composition :— 


Tasrx III.—Black Mica of Donegal. 


Tron (protoxide)...... 
Manganese (protoxide) 
Toss by ignition...... 
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No 1. Glenveagh.—Occurs in coarse gneiss, containing also orthoclase and 


No. 2. Ballygthen.—Occurs in granite, in 4-inch plates, } inch in thickness. 

So. 3. Garvery Wood.—aAssociated with oligoclase, orthoclase, and molyb- 
denite, in veins in gneiss. 

No. 4. Castlecaldwell_—Associated with orthoclase and schorl in veins in 
gneiss. This mica is green, and is obviously the black mica much 
decomposed. 


The differences between these analyses are very great, and it is evident 
that No. 4 is decomposing; it therefore cannot be considered as a fair spe- 
cmen of the mineral. As to the discrepancies between the other three 
snalyses, we find that Rammelsberg (‘ Mineralchemie,’ 1860, p. 668) gives, in 
bs ist of magnesia-micas, minerals in which the amount of magnesia ranges © 
from 3 to 30 per cent. For the purposes of the future investigation of the 
rineralogical composition of the granites, we shall take the mean of the two 
malyses Nos. 1 and 2, each of which represents the constitution of a mica 
tsken from the central granitic area in Glenveagh and its vicinity. 

5. White Mica.—This mineral, although not a constituent mineral of the 
ganite of Donegal, occurs frequently in veins, and is always associated with 
‘tthoclase, sometimes with schorl and beryl. It is biaxial, and resembles 
the margarodite of Leinster already described (Quart. Journ. Geol. Soc. Lond. 
vol si. p. 171). 

The following analyses show its composition :— 


Tasix IV.— White Mica of Donegal. 
| No.1. | No.2 


Iron (protoxide)...... 


Manganese (protoxide) . 
Loss by ignition...... ’ 4:00 


¥Yo.1. Castlecaldwell_—Found in veins of quartz and pink orthoclase, 
containing schorl and decomposing plates of black mica. Biaxial 
‘(72° 20’). Angle of plate=125°. 

Xa 2. Near Ballygihen, in Dooish’ Mountain—lIn veins in the granite, not 
associated with black mica; in plates # inch wide, } inch thick, 
Biaxial (62° 10’ to 65° 10’). Angle of plate=120°. 


6. Hornblende.—The granite of Donegal varies much in texture and 
appearance, as might be expected from its gneissose character. It occasion- 
ally passes into a granitic syenite, composed of hornblende, oligoclase, and a 
little quarts and sphene. The composition of the feldspar of this rock has 
been already given ; that of its hornblende is as follows :— 


Hornblende ef Donegal Granite Syenite. 
Silica ..... eee ee eee e reece noes 47°25 
Alumina .......... cece ee eee 5°68 
Iron (peroxide) ...........ee eee 19°11 

1: ra 11-76 
Magnesia ....... ccc cee ee cee eee 11°26 
eee e cece eee eee e eee eeee 0-98 

Potash ........ cece eee eee eae 1-04 

_ Iron (protoxide) .......... coe nesee 0°04 
Manganese (protoxide) .......... .» 1:70 
99-69 


B. Accidental Minerals. 

1. Sphene.—This mineral is very like the clove-brown sphene of Norway: 
it is found in the granite, when the latter becomes basic, containing much 
black mica and oligoclase; but it is principally found in a rock formed of a 
paste of quartz and feldspar, that often lies between the granite and limestone 
of the metamorphic rocks of Donegal. This is especially observable at An- 
nagary and Barnesbeg, where this rock is so abundant as to become entitled 
to the name of sphene-rock; and it cannot be distinguished from similar 
rocks from Norway. 

2. Schorl.—This mineral accompanies orthoclase in veins, and is often 
curved and cracked, showing the wider openings of the fissures next the 
convex side, and filled with quartz, as if the curvature of the schorl and the 
filling of its fissures with quartz were the result of an action that took place 
after the deposition of the mineral. 

3. Beryl—The only known locality for beryl in Donegal is Sheskina- 
roan, near Dunglow. It is green, with occasionally a shade of blue, and 
occurs both in reefs of quartz traversing the granite along ita leading joints 
and also in the granite itself, which, in this case, becomes very quartzose, and 
its. black mica disappears, giving place to fine rhombe of margarodite. 

The beryl of Donegal has never, so far as we know, been analyzed—a cir- 
cumstance which may give some additional value to the following analysis :— 


Beryl, from Sheskina-roan, Co. Donegal. Sp. gr.= 2-686. 


Silica ....... ceca c eens ace eeens 65°52 
Alumina ..... cece cece ees 17:22 
Gluqina . 1... ccc ee eee 13°74 
Iron (peroxide) ..............4... 1:53 
Oc ccc cece cece cc cece asacseas 0:43 
Magnesia... ccc cece ce ce eee 0-13 
Water .. ccc cc cc ce cc cee ct cence Q-90 
99°47 


4. Garnet.—This mineral, in bright ruby-coloured crystals, is found in the 
granite of Glenties, Annagary, and other localities, Form dodecahedral. 

5. Molybdenite and Copper-pyrites—These minerals are found in veins of 
granite, at Garvary Wood, near Castlocaldwell, associated with oligoclase and 
black mica. 


Minerals occurring in the Non-granitic Rocks of Donegal. 


_By reference to the Appendix to this Report, it will be seen that the minerals 
‘ch have been hitherto observed in the county are about sixty in number. 
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Of these a great number are of minor importance, and only a few have been 
analyzed, in consequenee of the difficulty of obtaining them in a sufficiently 
pare state for that purpose. This has been the case with the sphene and the 
sspolite. Allusion has been made to the frequency with which potstone and 

are met with in the county, and we have therefore considered it to 
be of interest to analyze both it and the silky crystals which are found in it, 
exeaally at Crohy Head. 


No. I, No. IT 
Orystals, Massive 
soapstone. 
SUiea ee eee ee ee eee 62°52 ow. ee ee 60:24 
Alumina ........... vec eeee OBB cece cc cence 1:12 
Iron (peroxide) ............ 1. 1:48 
Manganese ...... wee c cece ee WACO cece ce eeeeee trace 
Lime... cece cee cece ees : trace ....... eseee 0°00 
Magnesia... 0... eee eee oes B464 ........ eee, 85-14 
Soda... ... eee ee eee eee eeee 036 ....... weeee 0-41 
Potash .... 2. eee eee eee O-Ol ............ 0:07 
Water 2... cc eee ees O40 ...... eee 1:00 
99°53 99-46 


From these analyses it will be seen that the mineral is a true anhydrous 
wk; and this fact is the more interesting inasmuch as we can trace, both at 
(arian Abbey and at Crohy, the gradual passage of this mineral into antho- 
rrlhte, with the crystalline form of which mineral the radiated silky crystals 
w thet under examination are evidently closely connected. 

Rammelsberg does not include among his analyses of the hornblende family 
my which is absolutely free from lime, although Scheerer’s analysis of the 
ubestas from St. Gotthardt (Mineralchemie, p. 475, No. 7) is nearly so, and 
this mineral accompanies tremolite. On the other hand, the presence of the 


Taste V.—Chemical Composition of Donegal Granites. 
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manganese, which was clearly detected in both analyses, would tend to bring 
the Crohy specimen out of the type of tale and into that of hornblende. 

Among the other more interesting minerals which have been found, we 
may mention molybdenite in crystalline plates, fibrolite, kyanite, schorl (ex- 
tremely abundant), and the minerals which have been already mentioned as 
occurring in the altered limestones, 


I. Ardmalin, near Malin Head.—Coarse-grained granite, composed of 
(a). Quartz; very conspicuous (+ in. crystals). 
(6). Red orthoclase feldspar (} in. crystals). 
(c). Green mica; in small nests, resembling chlorite. 


Il. Urrismenagh, near Dunaff Head.—Medium-grained granite, containing— 
(a). Quartz ; not very visible. 
(6). Pink feldspar; probably orthoclase (} in. crystals). 
(c.) Grey feldspar; probably oligoclase (4 in. crystals). 
(d). Black mica; yi; in. crystals; occasionally passing into a dark 
blackish-green mica, in small nests and resembling a mix- 
ture of chlorite and hornblende. 


III. Glen.—Coarse-grained gneissose granite, containing— 

(a). Quartz; scarcely visible, broken, transparent, grey. 

(6). Red feldspar; probably orthoclase, forming large crystals (partly 
made up of pink translucent feldspar, with bright reflexion), 
dull waxy lustre, opaque. 

(c). Whitish translucent feldspar; probably oligoclase, and quite 
distinct from (6). 

(d). Green mica; abundant in streaks alternating, as in gneiss, 
with crystalline sheets of red and pink feldspar. 


IV. Glen.—Coarse-grained gneissose granite, apparently in beds in the gra- 
nite No. III., and containing— 
(a). Whitish feldspar; anorthic, semiopaque, and sometimes in 
macies, probably oligoclase (crystals } in. by } in.). 
(b). Jet-black mica; in great abundance, probably equal to the 
feldspar, which occurs in rounded masses imbedded in the 
black mica, which itself occurs in streaks as in gneiss. 


V. Glenveagh.—Beautiful, coarse-grained, porphyritic granite :— 
(a). Feldspar ; conspicuous, pink (crystals } in. to $ in.), orthoclase. 
(b). Quartz; inconspicuous, grey, transparent, with rounded an- 
gles. ; 
(c). Mica; jet-black, abundant in minute grains; the black mica 
and pink feldspar give character to the rock. 


VI. Glenveagh.—Fine-grained gneissose granite :— 
(a). Quartz, scarcely visible, grey. 
(6). Feldspar; white, sugary, facets rare, and, when they do occur, 
semitransparent—probably oligoclase. 
(c). Mica; perfectly black, high lustre. 


VII. Poison Glen.—Medium-grained granite :— 
(a). Quartz; grey, not prominent. 
(5). Feldspar; pink, in large crystals (1 in. by } in.), semitranspa- 
rent, predominant; orthoclase. 
(c). Mica; jet-black, bright lustre, 


ON THE CONSTITUTION OF THE GRANITES OF DONEGAL. 61 


VIL Poison Glon.—Coarse-grained granite. 
(s). Quarts ; conspicuous, grey. 
(5). Feldspar ; pink, in large crystals (4 in. by } in.), transparent, 
bright calcspar lustre, set in a paste of quarts and pinkish 
fel 


(c). Mica; an occasional speck of green mica, probably not 4 per 
cent. 


IX. Decharry Bridge.—Medium-grained granite, tending to become por- 
phyritic. 
(a). Quarts. 
(5). Feldspar ; orthoclase, pink, in } in. crystals. 
(c). Feldspar ; oligoclase, grey, in in. crystals. 
(d). Mica; black, in small grains or specks, and in small quantity. 


XL Barnesmore Gap.—Coarse-grained reddish granite, of platy structure, 
one-inch slabs. 
(a). Quartz ; very prominent, grey, occupying a surface only infe- 
rior to the red feldspar. 
(5). Feldspar ; pale red, uniform in texture, with some well-deve- 
loped cleavages, not very brilliant. 
(c). Mica; green, very compact, with few leaves, passing into 
chlorite-earth : this chloritic earth covers the joint-surfaces 
(5 in. to +; in.), and is visible in all such partings. It is 
very difficult to distinguish the green mica from hornblende. 


XL Arranmore Island.—Porphyritic granite; feldspar predominating. 

(2). Quarts ; easily visible, abundant, grey 

(0). Feldspar; reddish, in distinct oryetels ( Gi in. by 4 in.), cleavage- 
planes distinct, "with bright lustre, semitransparent. 

(c). Mica; black ; when seen on the edge, it resembles hornblende, 
of ‘which, however, there is not a particle in the rock: facets 
of mica difficult to see, but having a very brilliant reflexion ; 
subordinate to both the quartz and feldspar. 


UL Tory Island.—Coarse granite, almost entirely composed of quartz and 
feldspar, platy structure, one-inch slabs. 
(a). Quartz; conspicuous, ‘eryatals (4 in.), grey. 
(5). Feldspar ar 5 uniform red, with cleavage-planes of dull lustre, 


(c). Mics. greenish, sometimes white, in occasional very small 
plates. 


grains. 
(b). Feldspar; pink orthoclase ) . 
0 Feldepr grey oligoclase jin lumpy masses. 
(2). Mica; black, in large quantity, giving a gneissose appearance 
to the rock. 
Sphene occurs disseminated in small crystals. 


XIV. Dealewy.—Consists of quartz and feldspar intimately blended together 
and very similar in colour, whitish grey. In this paste are nume- 
rous crystals of feldspar (orthoclase) with definite (} in.), lustrous, 
smooth faces. Also occasional stains of greenish mica, looking lik 
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chlorite, and small crystals of garnet. This granite occurs imme- 
diately beside the limestone marble of Dunlewy quarry. 


XYV.—Annagary.—A feldspathic paste, with large crystals of orthoclase and 
fragments of quartz: contains also crystals of sphene, locally 
abundant (and occasional hornblende(?) in } in. crystals). It is 
found beside the limestone, whenever the latter comes in contact 
with the granite, as at Annagary, Glenleheen, and Barnesbeg. 


XVI. Strontian, Argyllshire.—This granite is somewhat like that of Ardara 
in appearance, and also like the black gneissose granite, which 
is found asa variety at Glen. It is medium-grained, and con- 
tains :-—. 

(a). Quartz. 
(5). Feldspar; white (oligoclase), having the characteristic strie. 
(c). Black mica; abundant. 


XVIL Tobermory, Mull_—A coarse-grained granite, resembling the coarser 
varieties of the typical granite of Donegal. It contains— 
(a). Quartz; abundant. 
(6). Pink orthoclase ; large crystals (4 in. by 4 in.). 
(c). White oligoclase ; striated. 
d). Black mica; not abundant. 
(e). Sphene facets ; occasional. 


The rocks whose analyses are contained in the above Table are hardly to be 
considered as all true granites. Nos. IV. and XIII. are rather to be considered 
gneiss than granite, and No. XV. is a feldspathic paste; but in the mode of 
their occurrence they do not differ from the granites, and it is impossible to 
say exactly where the granite begins and the gneiss ends. 


Taste VI.—Chemical Composition of Donegal Syenttes®. 
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IV. Locality unknown 68°04 |16-08 |8°27 (0°45 | 6°62 2°94 4°65 2°21 |1-12 


I. A medium-grained syenite or crystalline greenstone, composed of small 
plates of black mica with hornblende aggregated together, and of 
a feldspar which seems to be oligoclase. 
II. A coarse-grained syenite, containing — 
(a). Long crystals of green hornblende. 
(b). White feldspar. 
(c). Specks of iron-pyrites. 
In addition to the composition given in the analysis, the rock 
contained 1-078 per cent. of sulphur, which no doubt was present 
in the form of pyrites. 


© For a description of the relations of these rocks to the other rocks of the county, *¢ 


p. 48 ef seq. 


ON THE CONSTITUTION OF THR GRANITES OF DONEGAL. 68 


IIL A erystalline greasy trap rock, forming a dyke which penetrates the 
lower arenaceous Carboniferous limestone, and expands into a mass 


on the top of the hill, close to the town of Donegal. It contains 
black hornblende and a green feldspar. 


IV. The analyses of the feldspar and hornblende of this rock have already 
been given. The precise locality of the specimen analyzed is 
unknown ; but it resembles very closely the syenites of the Black 
Gap and Ballykillowen. It forms a link between the granites and 
the syenites. It contains— 

(a). Quartz. 
(3). Oligoclase of a pinkish-yellow colour; large crystals, brilliant 


vage. 
(c). Hornblende, dark glossy blackish green, passing into black 
mica. 
(d). Occasional crystals of sphene. 


Daermnation of the Mineralogical Composition of the Donegal Granites*. 

The determination of the mineralogical constitution of a granite is a pro- 
bem whose solution has been frequently attempted ; and at first sight it does 
ven to present features of extraordinary difficulty. It may be stated as 


Gaen the chemical composition of a rock and of its supposed constituent 
marals, it ts required to find the proportions in which these minerals are 
smenaied in tt. 

In the case which is now under our consideration, we assume that the four 
tnerals, quarts, orthoclase, oligoclase, and black mica, all of which have 
ben observed in the granite, are its constituents, and we take their chemical 
composition as ascertained by the analysis of specimens obtained exclusively 
within the county Donegal. 

The principle of this investigation has already been published by Professor 

in the paper already referred to (Quart. Journ. Geol. Soc. Lond. 
tol xviii. p. 403), and its complete discussion will be laid by him before the 
Geological Society of London at an early date. It may, however, be of 
Materest to lay before the Association the results at which he has arrived. 

_By the conditions of the question, we obtain four equations to determine 
‘attame number of unknown quantities, as will be seen by a reference to the 
Iper. From the coefficients of the several quantities we obtain, by actual 
niltplication, the following ten constants:— 


a= 69077. B = — 188220. y = 196708. 

a =—113443. B= 211768. y = 781867. 

@’= 41702. B'=m=— 24442. y= — 163140. 
K =34131692. 


Once these constants have been determined, nothing but simple multipli- 
‘ico and division is required, in order to ascertain at once with absolute 
crtanty the percentage of each of the four minerals, whose analysis has been 
&ren, in the granite, ¢. g.:— 

P = Aa+BB+Cy } 

etcentage of orthoclase=<= 10000 { ——p— f : 


The results of the application of these constants to each of the seventeen 
granites whose analysis is contained in Table V. is given in Table VII. 


® This portion of the Report is solely due to Professor Haughton. 
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According to this Table, it appears that eight of the granites (those marked 
with an asterisk in the Table) give positive values for all the unknown quan- 
tities, while the remaining nine have one or more of them negative. Hence 
it follows that more than one-half of the granites in question are certainly 
not composed of the four minerals which have been assumed to be in them. 
In the case of eight of the granites it has been proved that they might be com- 

of four minerals, having the oxygen-ratios of those which have been 
analyzed; but it still remains to be proved whether they are so com ol 
not. 

It is well known to be the opinion of many petrologists that it is unsafe to 
draw conclusions as to the constitution of a crystalline rock, like granite, from 
the analyses of crystals picked out from those portions of the rock which are 
coarse-grained enough to allow of such a process of extraction of minerals. 
Here we may be allowed to remark that if there be this doubt as to the 
validity of reasoning based on the analysis of minerals picked out of the very 
rock to which that reasoning is applied, it is @ fortiori much more rash to 
to our aid analyses of minerals from other localities, which have never been 
proved to exist in the district under examination, and the evidence of whose 
oxistence depends at best on the results of a microscopic examination. 

In order to ascertain how far this suspicion is founded on truth in the case 
of the granites of Donegal, we must call to our aid the auxiliary equations 
which have not yot been employed. These depend on the iron, lime, soda, 
potash, &o., and have hitherto been grouped together in the equation con- 
taining tho oxygen-ratio of the protoxides. 

It is ovidont that, before we can say that a granite is really composed of 
tho minorals whose composition has been given in the preceding part of the 
Roport, wo must be certain that all tho equations of condition furnished by 
enchconstituent are fulfilled, as well as those depending on the oxygen-ratlos 
uf tho protoxides, peroxides, and silica. 

On applying those test equations, it is found that not a single one of the 
olylt granites which have satisfied the first test fulfils these conditions accu- 
rately, and thorefore that not a single granite of those which have been 

‘uinwd can bo composed of quartz, orthoclase, oligoclase, and black ma 
ig the preciso composition which has been assumed for them. 
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granite of Doochary Bridge, No. IX., and give the valueOf each genstitment 


as calculated from the result given in Table VIL., and tained y petat TY 


analysis of the rock. \ 
Cok Na , 
Composition of Granite of Doochary Br lal ne 
Obeerved. 4 One 
Silica... cece eens 72°24 .. €2°24 
Alumina ........ cc cee ee eens 14:92 .... 15:05 
Iron and manganese oxides .... 2:18 .... 1:52 
Lime .. 1... eect ee es 168 .... 291 
Magnesia ........ cece eee 036 .... 0°48 
cent cece cena eee ceee 3°51 2:89 
Potash . 01... ec eee eee ees 5°10 4°90 
99-99 99-99 


Hence we see that, although we may assume that a considerable proportion 
of the granites of Donegal are composed of the four minerals in question, yet 
the constitution of these minerals, when present in the mass of the rock, must 
differ slightly from that ascertained by the analysis of the larger crystals. 

In conclusion, we may state that complete series of the minerals and rocks 
described in this Report are preserved in the Geological Museums of Trinity 
College, Dublin, and of the Royal Dublin Society, the actual specimens 
which were subjected to analysis being in the first-mentioned collection. 


APPENDIX. 


The following catalogue of localities has been compiled, partly from the 
published accounts of the tours undertaken by Sir Charles Giésecke, in the 
years 1826-27, at the expense of the Royal Dublin Society, and partly from 
the results of the explorations carried out in the preparation of the preceding 
Report. Much valuable information has been derived from the gentlemen 
whose names have been already mentioned, and from an examination of spe- 
amens collected by the late R. Townsend, Esq., C.E., who resided in the 
county for some years. 

The names of Messrs. Greg and Lettsom are given as authority for loca- 
lites given in their ‘Manual of Mineralogy,’ which we cannot otherwise 
identify. We regret to say that much reliance cannot be placed on these 
localities, as they have not been personally identified by the authors of that 
work (see under Analeume and Gypsum). 

All localities which have been identified by the British Association Com- 
mittee, in the progress of their investigations, are marked with an asterisk. 


CATALOGUE. 
Srrpis ELEMENTS. 
Grarmrez. Found in rolled pieces on the shore of Sheephaven, near Ards 
House; in the Burndale, Convoy; in situ at Fintown. 
SvuLPHURETS, dc. 
Gatzwa. Has been worked in several localities, the chief of which are 
*aldram Marfegh; Arde; Fintown; Dromnacross; Kilrean; Mullanti- 
‘ F 
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3. Oligoclase-—The oligoclase of Donegal is of a honey-waxy-greenish 
grey colour, and is easily distinguished from the orthoclase which accompanies 
it by.its colour and by the fine striated lines that mark certain of its sur- 
faces of crystallization, and prove it to be an anorthic feldspar. The following 
analyses give its composition :— 


Taste II.—Donegal Oligoclase. 
No. 2. No. 3. 


59-28 62-40 
22:96 23°60 
1:94 eee 
4:65 5:62 
0-21 0-08 
6°48 7-04 
2-38 1:66 
Iron (protoxide) see 0-10 cee 
Manganese (protéxide) wees 0°32 


98:32 | 100-40 


No. 1. Garvary Wood, near Castlecaldwell, Co. Fermanagh.—Pearl-grey, 
translucent; in veins in gneiss; associated with black mica, some 
orthoclase (pink), copper-pyrites, and molybdenite. 

No. 2. Precise locality unknown.—The specimen from which it was taken 
belongs to that variety of granitic syenite into which the granite of 
Donegal sometimes passes, as at the Black Gap, Pettigo. 

No. 3. Knader, near Ballyshannon.—This analysis has been made by Pro- 
fessor Apjohn, and was communicated. by him to the authors. The 
specimen is more opaque than that from Garvary, and of a lighter 
colour. 

4, Black Mica.—Black mica forms in Donegal, as in the Mourne Moun- 
tains, a constant and important constituent of the granite; it is always 
present, and becomes green when decomposition setsin. 

The following analyses show its chemical composition :— 


Taste III.—Black Mica of Donegal. 


Iron (protoxide) 
Manganese (protoxide) 
Loss by ignition 
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No. 1. Glenveagh.—Occurs in coarse gneiss, containing also orthoclase and 


ohgoclase. 

No. 2. Ballygihen.—Occurs in granite, in 4-inch plates, } inch in thickness. 

No. 3. Garvary Wood.—Associated with oligoclase, orthoclase, and molyb- 
denite, in veins in gneiss. 

No. 4. Castlecaldwell.— Associated with orthoclase and schorl in veins in 
gneiss. This mica is green, and is obviously the black mica much 
decomposed. 

The differences between these analyses are very great, and it is evident 
that No. 4 is decomposing; it therefore cannot be considered as a fair spe- 
amen of the mineral. As to the discrepancies between the other three 
analyses, we find that Rammelsberg (‘ Mineralchemie,’ 1860, p. 668) gives, in 
his ist of magnesia-micas, minerals in which the amount of magnesia ranges 
from 3 to 30 per cent. For the purposes of the future investigation of the 
mmeralogical composition of the granites, we shall take the mean of the two 
analyses Nos. 1 and 2, each of which represents the constitution of a mica 
taken from the central granitic area in Glenveagh and its vicinity. 

5. White Mica.—This mineral, although not a constituent mineral of the 
granite of Donegal, occurs frequently in veins, and is always associated with 
crthoclase, sometimes with echorl and beryl. It is biaxial, and resembles 
the margarodite of Leinster already described (Quart. Journ. Geol. Soc. Lond. 
vol. xi. p. 171). 

The following analyses show its composition :— 


Tasix IV.— White Mica of Donegal. 
| No.1. | No.2 


sec ecw ce eene 44:80 
NB... 2 ee ee 29°78 


Iron (protoxide)......] ...... 


Manganese (protoxide) 
Loes by ignition...... 


No.1. Castlecaldwell_—Found in veins of quartz and pink orthoclase, 
containing schorl and decomposing plates of black mica. Biaxial 
‘(72° 20’). Angle of plate==125°. 

Xo. 2. Near Ballygihen, in Dooish’ Mountain.—In veins in the granite, not 
associated with black mica; in plates # inch wide, } inch thick. 
Biaxial (62° 10’ to 65° 10’). Angle of plate=120°. 


6, Hornblende.—The granite of Donegal varies much in texture and 
sppearance, as might be expected from its gneissose character. It occasion- 
ally passes into a granitic syenite, composed of hornblende, oligoclase, and a 
little quarts and sphene. The composition of the feldspar of this rock has 
been already given ; that of its hornblende is as follows :— 
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3. Oligoclase-—The oligoclase of Donegal is of a honey-waxy-greenish 
grey colour, and is easily distinguished from the orthoclase which accompanies 
it by.its colour and by the fine striated lines that mark certain of its sur- 
faces of crystallization, and prove it to be an anorthic feldspar. The following 
analyses give its composition :— 


TaBLE J1.—Donegal Oligoclase. 


No. 2. No. 3. 


59-28 62-40 
22-96 23-60 
1:94 wees 
4:65 5°62 
0-21 0:08 
6:48 7:04 
2:38 1-66 
Iron (protoxide) we 0-10 eee 
Manganese (protoxide) wees 0-32 


98:32 | 100-40 


No. 1. Garvary Wood, near Casilecaldwell, Co. Fermanagh.—Pearl-grey, 
translucent; in veins in gneiss; associated with black mica, some 
orthoclase (pink), copper-pyrites, and molybdenite. 

No. 2. Precise locality unknown.—The specimen from which it was taken 
belongs to that variety of granitic syenite into which the granite of 
Donegal sometimes passes, as at the Black Gap, Pettigo. 

No. 3. Knader, near Ballyshannon.—This analysis has been made by Pro- 
fessor Apjohn, and was communicated. by him to fhe authors. The 
specimen is more opaque than that from Garvary, and of a lighter 
colour. 

4. Black Mica.—Black mica forms in Donegal, as in the Mourne Moun- 
tains, a constant and important constituent of the granite; it is always 
present, and becomes green when decomposition setsin. _ 

The following analyses show its chemical composition :— 


Tasix II.—Black Mica of Donegal. 


Iron (protoxide) 
Manganese (protoxide) 
Loss by ignition 


ON THE CONSTITUTION OF THE GRANITES OF DONEGAL. 57. 
No. 1. Glenveagh.—Occurs in coarse gneiss, containing also orthoclase and 


No. 2. Ballygihen.—Occurs in granite, in }-inch plates, } inch in thickness. 

No. 3. Garvary Wood.—Associated with oligoclase, orthoclase, and molyb- 
denite, in veins in gneiss. 

No. £. Castlecaldwell.— Associated with orthoclase and schorl in veins in 
gneiss. This mica is green, and is obviously the black mica much 
decomposed. 


The differences between these analyses are very great, and it is evident 
that No. 4 is decomposing; it therefore cannot be considered as a fair spe- 
amen of the mineral. As to the discrepancies between the other three 
analyses, we find that Rammelsberg (‘ Mineralchemie,’ 1860, p. 668) gives, in 
bis hst of magnesia-micas, minerals in which the amount of magnesia ranges 
from 3 to 30 per cent. For the purposes of the future investigation of the 
mineralogical composition of the granites, we shall take the mean of the two 
aalyses Nos. 1 and 2, each of which represents the constitution of a mica 
taken from the central granitic area in Glenveagh and its vicinity. 

5. White Mica.—This mineral, although not a constituent mineral of the 
granite of Donegal, occurs frequently in veins, and is always associated with 
tthoclase, sometimes with schorl and beryl. It is biaxial, and resembles 
the margarodite of Leinster already described (Quart. Journ. Geol, Soc. Lond. 
vol. xu. p. 171). 

The following analyses show its composition :-— 


Taste IV.— White Mica of Donegal. 


| No. 1. | No, 2. 
Silica .............. 44-80 45:24 
Alumina............ 29°76 35°64 
Iron (peroxide) ...... 8-80 2°24 
Lime ...........6.- 0-45 0-61 
Magnesia .......... 0-71 0-71 
Boda ...........205- 0-32 0°54 
Potash ........ woe-| 12-44 10°44 
Iron (protoxide)...... weeees 0°70 
Manganese (protoxide) 0°48 0°24 
Loss by ignition...... 2°00 4:00 


Yo 1. Castlealdwell_——Found in veins of quartz and pink orthoclase, 
containing schorl and decomposing plates of black mica. Biaxial 
72 20'). Angle of plate=125°. 
Xe, 2. Near Ballygihen, in Dootsh Mountain.—In veins in the granite, not 
associated with black mica; in plates ? inch wide, 4 inch thick, 
Biaxial (62° 10’ to 65° 10"). Angle of plate=120°, 


6. Hornblende.—The granite of Donegal varies much in texture and 
sppearance, as might be expected from its gneissose character. It occasion- 
ally passes into a granitic syenite, composed of hornblende, oligoclase, and a 


Ettle quarts and sphene. The composition of the feldspar of this rock has 
been already given; that of its hornblende is as follows :— 
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3. Oligoclase.—The oligoclase of Donegal is of a honey-waxy-greenish 
grey colour, and is easily distinguished from the orthoclase which accompanies 
it by.its colour and by the fine striated lines that. mark certain of its sur- 
faces of crystallization, and prove it to be an anorthic feldspar. The following 
analyses give its composition :— 


TasrE IT.—Donegal Oligoclase. 


59:28 62-40 
22:96 23°60 
1:94 wee 
4:65 5°62 
0-21 0:08 
6:48 7-04 
2-38 1:66 
Iron (protoxide) wee 0-10 
Manganese (protoxide) wee 0°32 


98:32 | 100-40 


No. 1. Garvary Wood, near Castlecaldwell, Co. Fermanagh.—Pearl-grey, 
translucent; in veins in gneiss; associated with black mica, some 
orthoclase (pink), copper-pyrites, and molybdenite. 

No. 2. Precise locality unknown.—The specimen from which it was taken 
belongs to that variety of granitic syenite into which the granite of 
Donegal sometimes passes, as at the Black Gap, Pettigo. 

No. 3. Knader, near Ballyshannon.—This analysis has been made by Pr- 
fessor Apjohn, and was communicated by him to the authors. The 
specimen is more opaque than that from Garvary, and of a lighter 
colour. 

4, Black Mica.— Black mica forms in Donegal, as in the Mourne Moun- 
tains, a constant and important constituent of the granite; it is always 
present, and becomes green when decomposition seta in. 

The following analyses show its chemical composition :— 


Taste III.—Black Mica of Donegal. 


eeeoeeeseteee%ee# Be @ 


Iron (protoxide)...... 
Manganese (protoxide) 
Loss by ignition...... 


ON THE CONSTITUTION OF THE GRANITES OF DONEGAL. 57. 
No. 1. Glenveagh.—Occurs in coarse gneiss, containing also orthoclase and 


oligoclase. 

No.2. Ballygihen.—Occurs in granite, in 4-inch plates, } inch in thickness. 

No. 3. Garvary Wood.—Associated with oligoclase, orthoclase, and molyb- 
denite, in veins in gneiss. 

No. & Castlecaldwell.— Associated with orthoclase and schorl in veins in 
gneiss. This mica is green, and is obviously the black mica much 
decomposed. 


The differences between these analyses are very great, and it is evident 
that No. 4 is decomposing; it therefore cannot be considered as a fair spe- 
amen of the mineral. As to the discrepancies between the other three 
analyses, we find that Rammelsberg (‘ Mineralchemie,’ 1860, p. 668) gives, in 
his hst of magnesia-micas, minerals in which the amount of magnesia ranges 
from 3 to 30 per cent. For the purposes of the future investigation of the 
mineralogical composition of the granites, we shall take the mean of the two 
ssalyses Nos. 1 and 2, each of which represents the constitution of a mica 
taken from the central granitic area in Glenveagh and its vicinity. 

5. White Mica.—This mineral, although not a constituent mineral of the 
granite of Donegal, occurs frequently in veins, and is always associated with 
crthoclase, sometimes with schorl and beryl. It is biaxial, and resembles 
the margarodite of Leinster already described (Quart. Journ. Geol. Soc. Lond. 
vol. x. p. 171). 

The following analyses show its composition :— 


Tasix IV.— White Mica of Donegal. 
| No. 1. | No. 2. 


Silica .............. 44-80 45:24 
Alumina............ 29°76 35°64 
Iron (peroxide) ...... 8-80 2:24 
Lime ..........004. 0-45 0-61 
Magnesia .......... 0-71 0-71 
Soda .............. 0-32 0-54 
Potash ............ 12-44 10°44 
Iron (protoxide)......| ...... 0-70 
Manganese (protoxide) 0-48 0-24 
Loss by ignition...... 2:00 4:00 


Yo. 1. Castlecaldwell—Found in veins of quartz and pink orthoclase, 
containing schor] and decomposing plates of black mica. Biaxial 
‘(72° 20’). Angle of plate=125°. 

Xe, 2. Near Ballygihen, in Dooish Mountain.—In veins in the granite, not 
associated with black mica; in plates ¥ inch wide, } inch thick. 
Biaxial (62° 10’ to 65° 10’). Angle of plate=120°. 


6. Hornblende-—The granite of Donegal varies much in texture and 
sppearance, as might be expected from its gneissose character. It occasion- 
ally passes into a granitic syenite, composed of hornblende, oligoclase, and a 
little quarts and sphene. The composition of the feldspar of this rock has 
been already given; that of its hornblende is as follows :—. 
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“to give a stronger impulse and a more systematic direction to scientific 
inquiry.” This object is especially promoted by means of the votes granted 
for dredging on the British coasts. Such undertakings, if properly conducted, 
are very expensive, and tax heavily the private resources of members who 
pursue them on their own account and unaided. To make a short trip now and 
then in a emall sailing- or rowing-boat, going out after breakfast and dredging 
for a few hours in the shallow bays on our southern and western coasts—the 
weather being fine, and the amateur dredgers not very sea-sick—is a very 
pleasant and inexpensive affair. To make an expedition to the most northem 
part of our seas in a steamer or good-sized sailing-vessel, occupying scveral 
weeks, for the purpose of exploring the open and deep sea at a distance of not 
less than twenty miles from the land—the weather being most capricious and 
often stormy—involves a considerable outlay and some personal risk, to say 
nothing of the preparatory work, or of the toil, discomfort, and anxiety which 
attend such an undertaking. In the latter case the naturalist is sometimes 
obliged to leave the shore (where he must have quarters in order to work out 
the results of his dredging) in the evening or at dead of night, when the wind 
generally lalls: he finds himself in the morning in the spot which he has 
marked for his operations ; he has the dredges put out and all ready for action ; 
the wind suddenly and without any warning rises, and increases from a stiff 
breeze to half a gale; it is useless to persevere, as the dredges will not lie on 
the bottom; and immediate return is unavoidable. If a sailing-vessel is 
employed, much time is lost in getting to the ground ; and I have been cruising 
for eighteen hours in a smart and fast yacht before I could reach the desired 
spot, only 45 miles distant from the land. Sometimes a dead calm would ensuc 

and last for two or three days together ; it was impossible even to get out of 
harbour. Having experienced this difficulty on former occasions, I chartered 
this year a steamer from Scarborough, and proceeded to Aberdeen, where I 
was joined by Mr. Robert Dawson of Cruden, a most zealous and intelligent 
conchologist. We there attempted to dredge, remaining a week for that 
purpose ; but the weather was too coarse, and the sea far too rough, to admit 
of our doing anything. At the end of that time we were joined by 
Mr. Edward Waller and the Rev. Alfred Merle Norman, both of them 
excellent naturalists, and the last well known by his numerous contributions 
to the study of our marine Invertebrata. From Aberdeen we all went straight 
to Shetland, and anchored in Balta Sound, Unst, which is the most remote of 
this northern group of islands. To indicate its whereabouts might be said by 
some to be a work of supererogation; but when it is recollected that Byron 
confounded the Orkneys with the Hebrides*, and that many otherwise well- 
informed persons have an indistinct idea that the Shetland Isles are cither 
Scotch or else lie somewhere near Scotland, I trust I may be excused for 
saying a few words as to the position of these sea-girt isles that stud “the 
unadorned bosom of the deep.” To show the comparatively high latitude in 
which Unst, the most northern of this group, is situate, I would observe that 
the lighthouse erected at its northern extremity lies in nearly 60°N., and within 
7 degrees of the Arctic circle. It is 10 degrees north of the Scilly Isles. At 
Balta we were most kindly received and hospitably entertained by Dr. Edmonston 
(a name honoured in the annals of science) and by Mrs. Spence of Hammer. 

But we were again doomed to be baffled by the weather, and therefore we could 
not do as much as we had fondly anticipated. The results will be hereafter 


* “The fair-hair’d offspring of the Hebrides, 
Where roars the Pentland, with its whirling seas.” 
The Island, Canto 2. 
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shown. The expense of this expedition was about £300, It cannot be denied 
that the present case is one in aid and furtherance of which the funds of the 
Association may be properly applied. The grants amounted to £75; and the 
remainder of the expense was borne by myself and friends, including 
Mr. Leckenby, of Scarborough, who hberally contributed his money in the 
cause of science, although he was unfortunately prevented from personally 
assisting in the work of the expedition. The marketable value of all the 
objects of natural history which were procured by means of this expedition 
cannot be estimated at more than £5. It was purely a scientific inquiry; 
and the British Association gave a stronger impulse to it than if it had been 
undertaken by any naturalist for the mere sake of enriching his collection. 
The grant and prestige attached to it encouraged the Committee, and they 
endeavoured to the best of their ability to fulfil the charge with which they 
were entrusted. These grants supply to a certain extent the shortcomings 
of Government in respect of exploring-expeditions, such as used to be 
undertaken, and by means of which our present first-rate school of naturalists 
has been formed. Some fears must be confessed for the future. In the 
Belfast and Doggerbank dredging-excursions, which were liberally assisted by 
grants from this Association, many young and rising naturalists have been 
tramed, and a taste inculcated for the study of marine zoology. Good fruit 
always follows good cultivation. I believe the Association has benefited in a 

iary as well as scientific sense, by increasing the number of subscribers, 
and recruiting its ranks from local naturalists who take an interest in these 
pursuita. 

The exploration of the Shetland seas has long been an object of mys- 
terious and high ambition to British naturalists. In “‘An Account of 
some new and rare Marine British Shells and Animals,’’ published in the 
‘Transactions of the Linnean Society’ for 1811, Col. Montagu first described, 
as indigenous to our seas, Terebratula cranium (Miiller), Crania anomala 
(Miller), and Rtssoa Zetlandica (Montagu), all of which had been discovered 
on the south coast of Shetland by Dr. Fleming, when minister of Bressay. 
The two first-named species had previously been known only as inhabiting 
the Scandinavian seas ; and the third was new to science. In 1828 Dr. Fleming 
published some more discoveries in his ‘History of British Animals.’ 
Terebratula caput-serpentis (Linné), Spirialis Flemingit (Forbes and Hanley), 
and Sessurella crispata (Fleming), besides several Nudibranchs, were the 
result of his further investigations. In the autumn of 1839 Professor Edward 
Forbes visited Lerwick, and did his usual good work, chiefly in the Echino- 
dermata and Acalephe, by dredging in the bays and fiords. The following 
extract from his note-book * will show his opinion of this district as a hunting- 
field :——‘“‘We have done very well, on the whole, in our visit to Shetland, 
especially considering how short our time has been. To add eleven or twelve 
new animals to the British fauna, and to see as many more exceedingly rare 
species, confined to this locality, is no small harvest for a naturalist to reap 
in a fortnight, especially when it is considered that six days of that fortnight 
were lost, in a manner, at sea.”” And then follows a characteristic nota bene :— 
«« Must go back to Shetland.” In 1841 I went to Lerwick, and dredged there, 
not being aware of Forbes having preceded me. Twenty-one species of 
testaceous Mollusca, none of which had been noticed by Fleming as Zetlandic, 
were the fruits of that excursion. Thracia villosiuscula (Macgillivray ), Rissoa 
rufilabrum (Alder), and Mangelia? nana (Loven) were added by me to the 
British fauna on that occasion. Forbes accompanied his friend Mr. M‘Andrew, 
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in the year 1845, in a yachting voyage to the west coast of Shetland; and he 
was enabled to make another addition to the list, in Trochus occidentalis 
(Mighels and Adams), Cerithiopsts metula (Lovén), and Aporrhais pes-carbonis 
(Brongniart?). This excursion occupied some time. Lesides the last-men- 
tioned Mollusca, Forbes discovered many new species of Afedusaand two new | 
Echinoderms. In 1848 I again took my dredge to Lerwick, in order to — 
complete a monograph on the British and Irish species of Odostomia for the 
Meeting of the Association held that year at Swansea. I found one more 
novelty in the way of Mollusca, viz. Cylichna conulus (S. Wood), which was 
then known only as a coralline-crag shell. My late friend, Mr. Barlee, went, | 
at my suggestion, to Lerwick in 1857, and to the Whalsey or Outer Skerries, 
on the east coast of Shetland, in 1858, dredging for many weeks each year. 
I was by his means enabled to increase the list of indigenous Testacea by the 
goodly number of nine, viz. Pecten aratus (Gmelin), Arca nodulosa (Miiller), 
Poromya? subtrigona (Jeffreys), Skenea nitida (Jeffreys), Jeffreysia globularis 
(Jeffreys), Eulima stenostoma (Jeffreys), Odostomia minima (Jeffreys), and a | 
shell belonging to a new genus allied to T'richotropis, and which I provisionally 
named Recluzia aperta. A good yacht having been lent to me in 1861 by a 
relative, I revisited Shetland for the third time, being accompanied by my 
friends Waller and Norman. We took up our quarters at the Out-Skerries 
Lighthouse. In spite of storms and calms, we were tolerably succeasfal; and 
I presented to the Association, at the Manchester Meeting in that year, a 
communication relative to the deep-sea dredging of Mollusca. Mr. Norman 
followed suit with regard to the Crustacea and Echinoderms. The Report 
for 1861 will testify to the amount of work done. Among the Mollusca were 
two quite new to science, viz. Aclis Walleri (Jeffreys) and A. septemradiatus 
(Jeffreys), and nine other species which had not before been found or noticed in 
our seas, viz. Leda pernula (Miiller), Necera rostrata (Chemnitz), Cleodora 
pyramidata (Eydoux and Souleyet), Dentalium abyssorum (Sars), Margarita 
maculata (Searles Wood), Cerithiopsis costulata (Moller), Pleurotoma nivale 
(Lovén), Fusus Islandicus (Chemnitz), and Cylichna alba (Brown). The 
Cithara is unusually interesting in a geological point of view. It is an un- 
described fossil of the upper miocene, and has not been discovered m any 
newer formation. I lately detected two specimens (one adult and the other 
young) in the extensive collection of M. F. Cailliaud at Nantes from the 
‘“‘faluns” of Touraine ; and he moat obligingly presented them tome for the 
sake of comparison. I afterwards showed these specimens to the great 
paleontologist, Deshayes ; but he was unacquainted with the species. Even 
the animal of the genus to which it belongs (Cythara, Schumacher) was 
previously unknown to science. With respect to the Margarita I may 
remark that the recent shell is of a pure and delicate pearl-white, with 
an iridescent gloss, and so unlike in appearance to the small and dingy 
fossil specimens found in the Coralline Crag that I had at first no 
suspicion that they were the same species, and I proposed to give to the 
recent shell the name of elegantula. The name of maculata is derived 
from ferruginous blotches which disfigure some of the fossil specimens. 
However, I am now satisfied that the Shetland specimens do not differ 
specifically from those of the Crag, and I must relinquish the name of 
elegantula in favour of the name given by its first discoveret, although the 
latter is exceedingly inappropriate and likely to mislead. The animal, as well 
as the shell, are exquisitely beautiful objects. Many novelties were also 
discovered among the Nudibranchs, Crastacea, Echinoderms, and Hydroid 
Polypes, for which I must refer to the valuable communications of Mr. Alder 
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and Mr. Norman. I could not resist the temptation of repeating my visit, last 
year, to the “ultima Thule” (if the ancients knew Shetland and called it by 
that name); and I was much pleased to have Professor Allman as my colleague. 

This time we stayed at Balta. The vessel I hired, although neat to the eye, 
turned out to be a poor and unseaworthy craft, and consequently was not of 
much use. We were greatly disappointed; and our dredging was cut short 
by the rudder-post being broken in a heavy sea. I succeeded, nevertheless, 
in procuring a live specimen of Limopsts aurita (Brocchi), only ‘known before 
as a miocene fossil and from the Coralline Crag; and Mr. Waller detected in 
some of the dredged sand, which I sent to him for examination, two fresh 
valves of Lema Sarsit (Lovén), a new species of Rissoa (to which he proposes 
to give my name), and Cleodora infundibulum (8. Wood), the latter also a 
Coralline Crag species, and hitherto unnoticed as recent. This year were 
obtamed two more species of Mollusca new to the British fauna, viz. 
Area obliqua (Philippi) and Soaphander librarius (Lovén), hesides four 
perfect specimens of Limopsis aurita (three of them living), three speci- 
mens of Hissoa Jeffreys, the same number of Cithara haliaéti (one living), 
and a few very rare species, such as Spirialis Macandrei and Azinus Croult- 
nenmis. ‘Two species (Aclis unica and Odostomia cylindrica), which had 
been considered southern forms, occurred for the first time in these northern 
latitudes. I had likewise an opportunity of confirming and extending some 
observations which I had made on former occasions as to the nature of the 
sea-bottom and bathymetrical conditions, as well as with respect to the 
bearing of these dredging-operations on certain geological phenomena. 

The detailed result of all the explorations during the last few years in 
the Shetland seas, so far as they relate to the Mollusca, will be stated at 
the end of this Report. The first Table contains a list of species which 
I have added from this source to the British fauna since the publication of 
Forbes and Hanley’s work. They are twenty-two in number. The second 
gives only a single species, which is as yet unknown elsewhere, either as recent 
or fossil. The third comprises the species(seven in number) which areunknown 
elsewhere, except in a fossil state; and the fourth such as are confined to this 
pert of the British seas, being twenty-three innumber. All these last-mentioned 
species are Scandinavian—a result which might have been expected from 
the geographical situation of the dredging-ground. The distance between 
the Whalsey or Out-Skerries and the opposite coasts of Norway is scarcely 
150 miles; and this is reduced by from 20 to 50 miles where the dredgings 
were mostly carried on. 

Besides the Mollusca, some of the rarest and finest Echinoderms (ec. g. 
Astrophyton Linki, Echinarachnus placenta, and Cidaris papulosa) are only 
to be found as British in this part of our seas. Mr. Spence Bate and Mr. 
Norman have described from this source several new Crustacea, Mr. Alder 
some Nudibranchs and Zoophytes, aud Professor Busk species of Polyzoa 
which had been previously considered as belonging only to the Coralline 
Crag; and Mr. Brady has noticed a great many forms or species of Forami- 
nifera heretofore said to be peculiar to the chalk and tertiary strata. 

Beyond twenty miles seaward of Unst the tides are scarcely, if at all, felt ; 
and the dredgings afforded no evidence of any marine current. In calm 
weather, the rope when hauled up was perpendicular, or (as sailors call it) 
“straight up and down.” The depth was about 85 fathoms, and it varied 
but little for several miles further out to sea or in a parallel line. Here and 
for many square leagues north, cast, and west there seems to be a still or 
quiescent region at the bottom of the ocean, unaffected by the storms which 
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so often vex the surface. From this part of the sea-bed were often brought 
up loose boulders, stones, and pebbles, of various sizes; some of them were 
rounded, and others angular, but all more or less covered with Zoophytes. 
Some of the so-called corals attached to these stones were exceedingly fragile 
and delicate; and if the sea-bottom from which they were taken had been 
subject to the action of tides or currents, however feeble, the corals would 
assuredly be broken to pieces by the stones being rolled and coming into con- 
tact with each other. Even the underside of the smallest pebbles was usually 
encrusted with exquisitely fine living Polyzoa, which had not suffered any 
injury by lying loose on the ground. But, of course, the sea at such depths 
never stagnates ; it has a constant and free circulation throughout, and a 
ceaseless interchange of particles. In this region now live the species pre- 
viously known only in a fossil state and occurring in the middle and upper 
tertiary strata, and which might therefore be supposed to have become extinct 
on the advent of the glacial epoch. Considering the vast extent of sea-bottom 
which has never been touched by the dredge, the exceedingly limited space 
measured in square acres which can be explored by means of it, and the in— 
finite variety of ground comprised within any given area, I would suggest that 
great caution should be used, and further inquiries made, before the common 
expression is hazarded that certain species are now “ dying out,” whether 
slowly, gradually, or rapidly. I do not believe that such is the case. The 
fact of finding only dead shells in a particular spot is no proof that living 
ones cannot be met with in the same district. There may be, and often is, 
an accumulation of dead shells in one place, like bones in a grave-yard, in 
consequence of the shell-fish having deserted it for some reason with which 
we are not acquainted, while the living brood migrates or shifts its quarters. 
The proportion of dead to living specimens, even of common species which 
are not supposed to be “dying out,” is often remarkable. Among many 
hundred single valves of Zima subauriculata which were this year dredged 
in Shetland, there was only one live specimen. Scalaria Turtoni has lately been 
dredged in considerable numbers off the Yorkshire coast; but all the speci- 
mens were dead. No one has yet found a live Adcorbis subcarinatus, although 
it is by no means uncommon in the greater part of the European seas. The 
late Professor Forbes described, in his admirable contribution to the Memoirs 
of the Geological Survey for 1846, what he called “a boreal outlier,” or 
isolated assemblage of northern shells, which he found while dredging with 
Mr. M‘Andrew in the deeps of Loch Fyne. He said, “The dead Mollusks 
taken were Abra Boysii, a species of similar range with Nucula nucleus ; 
Cardium Lovéni, a Scandinavian species ; and Pecten Danicus, a Norwegian 
species found only in the British seas, in the lochs of the Clyde, and then 
rarely alive, though dead shells are abundant, as tf the species thus isolated 
were now dying out.” Having had peculiar opportunities of studying the 
geographical distribution of the British Mollusca, I may mention that the 
species first named (Abra Boysii, or Scrobicularia alba) inhabits the Mediter- 
ranean, as well as the western coast of France ; Cardium Lovént, or C. Suect~ 
cum, is identical with C. minimum of Philippi, and is also a Mediterranean 
species; and Pecten Danicus (or P. septemradiatus, alias P. adspersus) has 
an equally southern range, although it is known in France and Italy by 
names differing from those which have been given to the same species in the 
north. P. septemradiatus is taken alive in considerable numbers by the fisher- 
men in Loch Fyne, during the herring-season. Mr. Barlee obtained from them, 
years ago, two or three hundred perfect specimens during a short stay at 
rary; the principal shell-dealers continually receive supplies of this 
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pretty shell, and the stock seems to be inexhaustible. Mr. Norman reminds me 
of Pomatoceros arietinus, Caryophyllia clavus, Comatula Sarsit, and Echinus 
Norvepcus a8 occurring under similar conditions. I am confident that if my 
distinguished friend were now alive, he would candidly acknowledge that 
his first impression had not been confirmed, or at least that it was modified 
by subsequent observations. 

No species appears to be confined to any limited district, although it may 

be locally distributed. The circumstance of its not having been found else- 
where is by no means a satisfactory proof that it does not exist beyond the sup- 
posed boundary. The more the bottom of the sea is explored, the greater 
will be the known extent of distribution. Instances in support of this pro- 
pasition are so numerous that it is hardly necessary to adducethem. Among 
the bivalves, Lepion squamosum, and among the univalves, Rissoa abyssicola, 
may be cited as examples. Both of them were at one time said to be pecu- 
har to our seas ; but it has now been ascertained that they have a wide range, 
north as well as south of Great Britain, in other parts of the Atlantic 
Ocean. ; 
The sea-bed is often greatly diversified within the same district, both as regards 
ita shape and composition. Whenever the vessel was of sufficient size, I have 
had two dredges put out at the same time ; so that directly one has been taken 
up the other is being hauled in. It has more than once happened that the 
contents of the second dredge were quite different from those of the first, the 
one consisting of shell-sand and the other of stones, or vice versd. The 
depth of water remained the same. This change of ground must have taken 
place in the interval of a few minutes, when the first dredge was being 
taken up, and during which the vessel could not have drifted more than a 
couple of hundred yards. The vessel’s head is always kept nearly to 
windward while she is dredging, so that she may not have too much way. 
A mile an hour is reckoned quite fast enough to keep her steadily at work. 

Vast numbers of Globigerine abound everywhere in the dredged shell- 
sand. Dr. Wallich says *, “‘ It is evident that there is an intimate associa- 
tion between the Globigerina-deposits and the Gulf-stream ; for wherever 
Wwe trace the one sweeping across the surface of the ocean, we are almost sure 
to detect the other resting on the sea-bed; and when we fail to trace the 
one, we almost as surely fail to detect the other.” But it does not appear 
that the Gulf-stream impinges on the northern or eastern coasts of Shetland. 
No seeds, no Janthine, Velelle, or driftwood from the tropics have ever 
been picked up on these shores. On the contrary, the only driftwood 
which is here found floating or cast ashore consists of pine-trees from Nor- 
Wway—sometimes with their roots, and usually drilled by Teredo nana, being 
the same species that attacks fixed and submerged wood or boats lying long at 
anchor on the Shetland and Scandinavian coasts. Wood is too scarce and 
valuable a commodity in the treeless isles of Shetland to be disregarded by 
the natives. A Norway log is one of their chief prizes. It would seem 
from the foregoing facts that the Globigerina-deposits are generally distri- 
buted over the floor of the deep sea throughout a very extensive tract, irre- 
spective of the course of the Gulf-stream. 

Occasionally a little world of living animals is seen to occupy a single 
dead shell, An instance of such a microcosm was observed on a specimen 
of Buccinopsis Dalei, var. eburnea. Far within the shell an Annelid took up 
its abode, This may have been the first occupant after the true inhabitant 
had been cleared out, and it probably assisted in the evacuation. A Hermit 
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Crab (Pagurus Prideauzu) kept possession of the body or last whorl; and | 
Sea-anemone (Adamsia palliata) enveloped the whole surface of the shel 
with its slimy mass. This group of various animals formed “a happ 
family,” and did not seem to interfere in the least with one another. 
There is good reason to believe that the sea-bed in this district has sun! 
considerably since the close of the glacial epoch. Single valves of Rhyn 
chonella psittacea, Pecten Islandicus, Astarte borealis (or arctica), Tellina cal 
carea (or proxima), and Mya truncata, var. Uddevallensis, as well as dea 
shells of Trophon clathratus (or scalariformis), are occasionally brought y 
by the dredge from depths of between 75 and 85 fathoms, and in vanou 
parts of our northern sea. All the specimens have an unmistakeably fossilize 
or dull appearance, compared with that which distinguishes dead shells o 
other species still existing in the same locality. They are very different i 
that respect from the shells of Columbella Holbdéllii, and other species dredge! 
off the coast of Antrim but not alive. These last are quite fresh-looking 
and may never have been exposed to the air or parted with the animal matte 
which permeates the shell. None of the species first enumerated have eve 
been found in a living or recent state in the British seas. All are essential: 
Arctic forms. Their usual habitat is in rather shallow water ; and the variet; 
of Mya truncata lives between tide-marks. Other species of Mollusca, whicl 
are common in our seas, and inhabit the sublittoral or laminarian zone 01 
the southern coasts, are found only in deep water off the Shetland Isles 
Such are Lamellaria persptcua, Nassa incrassata, and Cyprea Europea 
Not one of these last is an Arctic form. I have already noticed the pecu: 
liarity of their occurrence at the above-mentioned depths, in the Repor 
which I had the honour to present to the Association in 1861, and I ven 
tured to express an opinion that it was owing to this part of our norther 
sea-bed having sunk within a comparatively recent period. Dr. Wallicl 
has since confirmed this impression on my part by his history of the “ sunker 
land of Buss,” in the North Atlantic, not far from which supposed tract bi 
found several specimens of Ophiocoma granulata living at the enormous deptl 
of 1260 fathoms, the same species inhabiting on the opposite coast of Icelan 
from 10 to 20 fathoms only. Now, inasmuch as Pecten Islandicus and th 
other Arctic species above named are large and conspicuous forms, as well a 
gregarious in the places where they are now found, the question naturall 
arises, “‘ Why has not a single living individual ever been discovered in tha 
part of the British sea where the dead shells are not uncommon, althougl 
it has been sufficiently explored?” It cannot be said that they have die 
out, or become extinct, in consequence of the water having become of | 
- higher temperature than it was during the period when they formerly in 
habited the same part of the sea, or because some other conditions, unfa 
vourable to their existence, have supervened. We have no proof or reaso! 
to believe that the temperature of the sea at a depth exceeding 75 fathom 
has been at any time since that period different from what it is at present 
Very many species of Mollusca, which are natives of the Polar sea, are als 
inhabitants of our coasts, where they apparently have not suffered the leas 
diminution in number or vigour, although they may have dwindled in size 
Several of the peculiarly Arctic forms above referred to, and which no longe 
live in the British seas, continue to exist in a parallel latitude on th 
coast of Norway; and two of them (Astarte borealis and Tellina calcarea 
survive in Kiel Bay, more than 5° south of Unst, at a depth not exceedinj 
25 fathoms. I therefore can only account for this apparent extermin 
n in our seas of the six species in question by suggesting that th 
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bed which they once inhabited was raised and became dry land; that it 
remained in that state for a period sufficiently long not only to destroy the 
entire brood, but also to semifossilize the shells by exposure to the aotion of 
the open air; that subsequently the truct was submerged, and again formed 
the sea-bed; and that it is still sinking by slow and perhaps imperceptible 
degrees. In this way the shallow-water species, as Nassa incrassata, would | 
be gradually habituated to greater and greater depths, like the North At- 
lantic Starfishes. 

Living Mollusca, procured from a depth of 75 fathoms and upwards, being 
placed in a shallow vessel of sea-water taken from the beach, did not seem 
to be in the slightest degree affected by the sudden change of bathymetrical 
conditions, With a solitary exception (that of Cithara haltaétt), all continued 
for a long time vigorous and active. They fed, crawled, leapt, and swam or 
floated immediately below the surface of the water in an inverted position. 
One par of Marginella levis was actually engaged for several hours together 
in celebrating the rites of “alma Venus”! It was not necessary to renew 
often the supply of water in order to ensure this state of liveliness. I kept 
many of them, and observed their habits, for three days, when they were 
killed for the sake of their shells. 

I consider all marine beds, of comparatively recent formation, to be 
necemerily fossiliferous, assuming that the same causes which now exist were 
in operation during that period. Even if these beds do not contain the shells 
of Mollueca, the remains of other animals, or certainly some microscopic 
organisms (such as Foraminifera and Diatoms), can be detected by a careful 
examination. I am aware that this opinion is opposed to that of some able 

. Mr. Geikie says, in his recent treatise ‘On the Phenomena of 
the Glacial Drift of Scotland’ (p. 126), ‘I believe the greater part of this 
dnft, though it is unfossiliferous, to be of marine origin. Its occurrence on 
Water-aheds or on the sides of mountains and hills far out of the reach 
of any stream seems sufficient evidence that in such cases fluviatile action 
must have been impossible. And in these situations the mounds of sand and 
gravel are exactly comparable with others which ocour in lower parts of 
the country. It is difficult, therefore, to avoid regarding the whole as due 
to the operation of some one general agency. This agency was, in all like- 
lihood, the waters of the ocean.” The non-existence of fluviatile action in 
the places above referred to, at the time when the so-called drift was de- 
posited, does not seem to me proved, taking into consideration the changes 
of level which may have since taken place. In certain inlets or arms of the 
sea, rivers flowing into them may have a sufficient velocity to sweep the 
middle of the channel, and prevent the deposit of any mud or sediment 
which would shelter certain animals. Indeed the continual action of the 
current might preclude the possibility of any animal living within the pro- 
hibited area ; and in that case the central bed of the channel might be partly 
covered with clear sand, devoid of any organized structure. An illustration 
of this phenomenon will be found in Dr. Wallich’s account of Hamilton’s 
Inlet, Labrador. Butsuch cases are rare, if not exceptional ; and not only are 
the limits of such lifeless areas very circumscribed, but the absence of marine 
organisms may be attributable to the destructive property of fresh water. 

tany kinds of animals are known to exist and flourish in the most rapid 
tideways and even in whirlpools; and the water of the ocean everywhere 
teems with life. The dredge has never yet failed to bring up organic re- 
mains from every part of the sea-bed which has been explored, however un- 
Promising it may appear to the naturalist. Even in the cleanest-looking 
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sand, taken from any spot beyond the reach of fluviatile action, some ma- 
rine débris may be found. Having these facts and some experience to 
guide us in the inquiry, I think we ought not to call any strata which are 
unfossiliferous marine, unless there are sufficient grounds for supposing that 
the absence of fossils is caused by chemical absorption or decomposition. 

The subjoined Appendix will show the additions made to the list of British 
Mollusca in consequence of the Shetland dredgings. . 

Mr. Norman and Mr. Brady will give in subsequent papers the results as 
regards other departments of the marine Invertebrata; and we hope to com- 
plete and publish next year a full catalogue of all the species. 

I submitted to the inspection of Mr. Prestwich a sample of small gravel 
dredged up from 85 fathoms, and about 25 miles off Unst; and that eminent 
geologist has favoured me with the report which will be also found appended 
to thiscommunication. One of these specimens deserves especial notice. It is 
a piece of conglomerate, composed of granitic and other fragments cemented 
by carbonate of lime. There is no calcareous rock within a considerable 
distance from the spot where this piece of conglomerate was found. It may 
be doubted whether the cement could have arisen from the re-solution of 
dead shells. The probability is that the specimen in question may have 
been carried during the glacial epoch by an iceberg or coast-ice from Nor- 
way. I have a large mass of conglomerate, composed principally of recent 
shells of a southern form, which was dredged between Jersey and the oppo- 
site coast of France; but this may have been formed by a submarine spring, 
charged either with carbonate of lime derived from the underlying chalk, or 
with carbonic acid sufficiently strong to dissolve any calcareous matter within 
the range of its action. The shells contained in the last-mentioned piece of 
conglomerate have not undergone any dissolution. I agree with Dr. Wal- 
lich as to the probability that ‘‘the demand for carbonate of lime at the 
bottom of the sea is limited only by the supply,” and that there is no cvi- 
dence of supersaturation as regards a material so essential to the construc- 
tion of shells and similar organisms. For the elucidation of such minor pro- 
blems as this we invite the attention of chemists and geologists. 


APPENDIX. 
Mo.uvsca. . 
1. Species found in Shetland, and added to the list since the publication of 
Forbes and Hanley’s work. 
Pecten aratus, Gmelin. (P. sulcatus, Miil/.) | Rissoa Jeffreysi, Waller. 
Lima Sarsii, Lovén. Odostomia minima, Je 
Leda pernula, Miiller. Aclis Walleri, Jeffreys, 
Limopasis aurita, Brocchi. Eulima stenostoma, Vi regs 
Arca nodulosa, Miiller. Cerithiopsis costulata, Moller, (Cerithium 
A. oblique, "Philippi. (A. Korenii, Dantels- niveum, Jeffreys.) 
sen.) — ? aperta, Jeffreys (as Recluzia aperta). 
Nesra rostrata, Chemnitz. Pleurostoma nivale, Lovén 
Cleodora infundibulum, 9. Wood. Cithara haliaéti, Jeffreys, MS. 
C. pyramidata, Eydoux and Souleyet. Fusus Islandicus, Chemnitz. 
Dentalium abyssorum, Sars. Scaphander librarius, Lovén. 
Mengerite maculata, 8. Wood. (M. elegan- | Cylichua alba, Brown. (C. tritices, Cow- 
Jeffreys, MS.) thouy.) 


2. Species unknown elsewhere, either as recent or fossil. 
Jeffreysia globularis, Jeffreys. 
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3. Species unknown elsewhere, except as fossil. 


Codes infu Miocene and Pliocene. Odostomia minima. Ooralline C 
Mowe mente G Coralline Crag. Aporrhais pes-carbonis, Brongniart " Mio- 


See nies Pht B. levis Forbes lichna ulus, S. Wood. Coralline CO 
Sani Ren, rn Pot | icant One 


4. Species confined to this part of the British seas, but also Scandinavian, 


Tevirstala cranium, Mailer. Odostomia ? eximia. 
Pecten aratus, Aclis Walleri. 
Lima Sarsii. Eulima stenostoma. 
leds pernala. Cerithiopsis costulata, 
dra nodulosa. C. m Lovin, 
A obliqua (Sicilian). C.? aperta. 
Jeera rostrata (Mediterranean). Pleurotoma nivalis. 
Ceodora idata (North Atlantic). Cithara haliscti. 
Pr . Pp rius. 
Scarurells ing. lichna abe. 
3. Description of small rock-fragments or gravel dredged up from 85 fathoms 
off the north coast of Shetland. 
{ fragments of white pebbles. 1 subangular fragment of red pygmatite. 


aguler fragments of white (vein) quartz. | 2 subangular ar fragments of light red quartz- 
mtengular fragments 


ite, 1 subangular ar Pregmont of white quartzose 
I mbeaguler fragment of light brown cal- sandstone. 3 
,_wesus sandatone. of 3 ampules fragments of light Glema, 
« wienguler fragments brown mucaceous 2 angular fragmen 0 loured 
taadstone, sli calcareous. “ 


slightly 
I ! t of argi us black { 1 su ent of dark red porph 
wiunguiar fragment of argillaceo ] angular ingment of dark re porphyry. 
{ angular fragments of hornblende rock. 1 small peb pe F pebEle of hoe 
| mhangaler fragment of red syenite. 1 fragment of hornblende rock. 


; gular fragments of red syenite. 1 fragment offoo conglomerate, composed of 
J ngular ta of light red granite. the above materials, with a calcareous 
- pebbles of light red granite. cement. 


¥.B. Mr. Prestwich remarks that these rock-fragments are so small that 
t is posible, or rather probable, that the fragments designated “ pygma- 
tte,” “porphyry,”? and “ hornblende” may in fact all belong to one granite 
rock. He is of opinion that the cement of the conglomerate may be derived 
frm the calcareous matter of shells or Bryozoa. 


Report on the Physiological Effects of the Bromide of Ammonium. By 
Gronrez D. Gres, M.D., M.A., F.G.S., F.A.8., Physician to the 
Wet London Hospital, and ‘Assistant-Physician and Medical 
Registrar to the Westminster Hospital, London. : 

Biowrse and its salts have been known for many years to possess con- 

uderable virtues, and some remarkable instances of their peculiar effects, 
paysiological and medical, have been placed upon record. Amongst others, 
th: power of absorbing hypertrophied structure has been observed, especially 
ne of the spleen and liver, lymphatic glands, and scirrhous 


ann G 
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In an excellent essay hy Dr. R. M, Glovar-(at one fime resident in 
Newcastle and afterwards in London), published in the Edin, Med. and 
Surg. Journ. for October 1842, there is a list of the digeages in which either 
bromine or some one of its preparations hag been employed, but amongst 
the latter the bromide of ammonium is not mentioned. 

The salt hitherto, it may be said almost solely, in use has been the bro- 
mide of potassium, considered by many physiologists analogous in its effects 
to the iodide of the same base, only that it is slower in its action. The persons 
whose names are deserving of mention in relation te the potassium salt, are 
the late Dr. T. Williams of London, who found it of great benefit in enlarged 
spleen; Pourché, who treated bronchocele and scrofula with success; and in 
a number of cases of Pacudo-membranous disease, including a few of croup, 
M. Ozanam found it of especial yalne. Cancer is another disease moseesfully 
treated with it by Mr. Spencer Wells, in doses of five to ten grains three 
times a day, with cod-liver of] (Med, Times, July 1857, p. 81), 

In the course of ity use M. Huette observed that a of the fawe 
was a result which its administration qaused ; and this oirepmatanca, at fret 
looked upon as objectionable, I have endeavoured to turn to acgount, as 8 
physiological result of extreme value and importance in the practice of medi- 
dine, either in examinations of the throat and nostrils, or for the perform- 
ance of operations upon either, or in the interior of the windpipe from above, 
by means of the laryngeal mirror. 

- To effect this object the bromide of potassium was freely given internally 
in large doses, but it failed to bring about this result, unless in a very rv | 
instances, its action varying according to the idiosynorasy possessed b 
individuals experimented upon. Ita local action, “though perbape @ little 
more certain and decided, was not to be relied upon. 

On looking through the other salts of bromine, none seemed likely to 
possess more of the anesthetic power than that of potassium; having had 
some experience, nevertheless, of the reliable yalue of the preparation known 
as the iodide of ammonium, it struck me that the analogous substance (bre- 
mide of ammonium) might prove more efficacions than the potasejum salt, 
from the union of bromine with a base of great power, ready absorption, 
exerting a decided influence upon the fluidity of the blood, and moreover — 
the remedy for poisoning by bromine, as recommended by Mr, Alfred Smee, — 
namely ammonium, I wag not aware at the time that it was employed fr | 
photographic purposes, probably more or less impure, bué had the salt care 
fully prepared for my experiments by Messrs. Fincham of Baker Stree — 

ndon. 

The bromide of ammonium when pure is perfectly white and amorphous, 
with a feeble odour of sea-weeds, Under the microscope the salt is clear 
and iransparen’, 2 and not crystalline nor deliquescent. It can, however, bv | 
crystallized in cakeg or quadrangular prisms. It possesses a slightly pungen 
slino-taste, not so sharp as that of common salt, nor so cord the fromide 
of potassium. 

Agreeably to the request of the General Committee, I have performed 4 
large number of experiments since bringing the subject before the Association — 
last year at Cambridge, but the present Report combines the whole of the 
more important of my experiments from the first use of the salt, and from 
which are deduced its physiological and therapeutical properties. 

_ In pursuing this inquiry, the salt has been administered in emall doses st 
intervals more or less long-continued, in lange doses frequently repeated or 
given at intervals, and ‘in single daily doses. A comparison is also instituted 
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between the relative effects of this salt and the bromide of potassium. It 
may be mentioned that in these different experiments healthy persons wera 
selected; and according to the resulta obtained, so were eertain diseases anb~ 
mited to treatment to more fully bear out and confirm the physiological 
elects noticed, 

Effects of smali Doses.—About one hundred healthy persons, male and 

of various ages, were given small doses of the salt, ranging fram one 
to five grains, three times or more 4 day, in water as a vehicle, and in some 
combined with a simple colouring agent, such as the tincture of alkanet 
root or other substance. The period of its continuance varied from three 
weeks to several months, and the results were carefully noted. All were in 
tolerably goed health, or nearly so; or if affected with any particular ailment, 
it did not appear to be likely to interfere with the action of the drug. 

Two stnking results were soon noticed in the greater number; namely, 
increase In the power of the appetite, and improvement of the complexion. 
With regard to the former, its action was that of a decided tonic; for whilst 
the persons ate more food than had been their custom, they were able ta 
digest it well; the drug appeared to impart a soothing and comfortable sensa- 
ton, There never was any tormina nor the slightest tendency to intestinal 
relaxations but the general functions appeared to be regularly and con-~ 
sstently performed. The tongue assumed a natural and clean appearance, 
and was moist; the skin and mucous membrane (presently to be noticed) 
performed their fanctions well ; the circulation was not increased nor lessened ; 
the heart’s action continued regular, the pulse possessing good power and 
volume, and comfort was experienced after meals. If there were indications 
of indigestion or dyspepsia before the use of the salt, they yielded to the 

doses given. In six or seven cases, a mild diuretic affect was observed. 

If the small doses wera continued for- some time these effects were not 
always continuous, and in a few persons slight nausea was produced, with 
an impairment of the appetite; this was especially so if the drug was given 
in four- or five-grain doses. In three cases only was there a little headache, 
with giddiness and light-headedness, but the intellectual faculties were 


Comaident with the increase of appetite was a marked clearing of the 
complexion, particularly observable if the face was naturally florid or the 
skin very red. This redness or floridity became paler, decidedly paler, and 
the skin assumed a fine transparent freshness, indicative of healthy function. 

Dinginess, slight sallowness, or a heightened complexion became modified 
or altered, so that a more healthy, slightly pink colour was agsumed, These 
effects were noticed sometimes when the salt had been taken but a few days ; 
aad the improvement in the skin was so apparent, that it has attracted the 
notice of the friends of the persons under experiment. 

Applying this result pathologically, I found the salt very serviseable in a 
variety of cutaneous affections, the eruptions fading away reasonably fast, 
and the individuals looking as clean and as clear about the complexion as if 
they had just come out of a bath. The results were very striking, and posi- 
tively beneficial upon the skin. They are produced also by the other salts 
of bromine, but perhaps not in the same degree; I therefore feel justified in 
denominating the bromide of ammonium, amongst its other properties, as a 
beantifier of the complexion and cleanser of the skin. It appears to act by 
gently stimulating the capillaries of both the skin and mucous membrane} 
and secretion is excited in both by small doses of the salt, independently of 


exercise and increased diet. 9 
@ 
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Local and Constitutional Effects on the Mucous Membrane.—If the mucot 
membrane of the mouth and throat has been dry, or secreted less than natura 
a healthy moisture is produced by small doses internally, which has prove 
very agreeable. In an instance wherein the taste was blunted and impaire 
so that the sapid character of the solution employed locally was not notice 
it almost immediately improved, and became more sensitive to impression 
This is known to be the reverse with salts of iodine, which often produce 
disagreeably bitter taste, pervading in some instances almost everythin 
swallowed. - 

Although it will improve sensation in small doses or single applications, i 
essential property is exerted upon the sensation of the minute nerves of th 
mucous membrane of the soft palate and pharynx, the former especiall; 
When locally applied, dissolved in water, or glycerine and water, a remark 
ably tranquil soothing influence is brought about, which continues for 
certain period of time, and then passes off. 

If the strength of the solution is increased, the perhaps heretofore dr 
membrane has its follicles stimulated; and whilst secretion is increascc 
sensation is somewhat diminished ; but this last property varies in differen 
individuals. If now topical application be resorted to through the aid of 
tolerably strong solution of the salt, say from two to eight drachms, or eve 
more, in six ounces of water, used either as a gargle or a paint every half 
hour, the throat will become in s condition of mild local ansesthesia, that 1 
to say, loss of sensation confined to the fauces, which will be more or les 
complete according to the susceptibilities of the individual and the perio 
during which the solution is employed. I have seen it occur from the firs 
to the ninth day; and the continuance of the anesthesia will afterward 
depend upon the amount of the salt locally absorbed, but generally diminish 
ing after the first twenty-four hours, and not unfrequently continuing a 
long as three days. 

Knowing that this anssthetic property was attributed to the bromide o 
potassium by M. Huette, and applied by M. Gosselin in staphyloraphy*, 
was prepared for its occurrence with the salt of ammonium, but the result 0 
my experiments warrant me in saying that, whilst the anesthesia is mor 
complete and certain, it produces less inconvenience in relation to the sens 
of taste than does the bromide of potassium. The importance of this anzs: 
thetic property cannot indeed be over-estimated in its application to a num. 
ber of subjects connected with the throat especially, as modifying degrees © 
natural irritability, pain, sensation, secretion, mobility, and absorption. 

Effects of large Doses.-It may be as well to mention here that the ex- 
periments of M. Huette with the sister salt, the bromide of potassium, wen! 
to show that headache was sometimes observed on the third day, but ordi- 
narily occurred from the fourth to the seventh day, when the daily dose 0 
the salt had reached from two to five drachms +. 

According to its continuance in large doses, so were produced torpor and 
drowsiness, lowering of the pulse (40 to 48), vomiting and continued sleep; 
and finally a form of peculiar intoxication, characterized by impaired sight 
and hearing, utter helplessness and insensibility. Weakness of the mind and 
torpor of the genitals were other effects noticed. Among the special effects 
of the salt, one of the most remarkable, even from a feeble dose, observes 
M. Huette, is profound insensibility of the velum and pharynx, which persis 
throughout the duration of the treatment. How far the bromide of ammo- 

* Gazette Médicale, April 14, 1860, p. 228. 
+ Annuaire de Thérapeutique, 1851, p. 216. 
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nium resembles the potassium salt, the following experiments will determine. 
Huette’s experiments with the latter show well its influence upon various 
parts of the mucous tract, although he says nothing about the skin; M. 
Rames, however, observed an instance wherein the skin was so completely 
insensible that its puncture with a needle was not felt, and tickling of the 
conjunctive or fauces with a feather produced neither winking nor desire to 
vomit®. 

It was soon apparent in my own experiments with the bromide of ammo- 
nium that the entire mucous tract could be greatly influenced for good or 
for evil, according to the desire of the physiologist. And yet with proper 
care and judgment, we are furnished with an agent in this salt that promises 
to be of immense benefit to suffering humanity in many obscure and hereto- 
fore intractable diseases. 

: 1.—A man aged 27, in robust health, was given half a drachm 
of the bromide of ammonium in an ounce of water, with a little syrup, every 
four hours. The first dose was given at eight, the next at twelve, the third 
at four, and the fourth at eight p.m. Nothing unusual was observed at 
night beyond an alteration in the sense of taste. Next day the dose was 
continued, and the taste gradually diminished until, at night, there was com- 
plete loss of it, and insensibility of the throat and fauces. The application 
of metallic or other substances was not felt, and apparently anything could 
have been done with the individual. The sense of smell was affected; the 

nose, however, did possess some sensation, and also the conjunctive. The 
mucous membrane was pale, watery, and not congested. Although taste 
was gone, he felt he had a tongue, and could swallow as usual, for the 
museles retamed their contractile power. Nothing else was specially ob- 
served, and in three days all the natural functions were restored, and sensa- 
tion was quite regained. 

Exp. 2.—The same experiment was repeated with the bromide of potassium 
in another man aged 32; and beyond some amount of nausea, slight head- 
ache, and very slight impairment of sensation and taste, nothing further was 
observed. 


Exp. 3.—A man aged 37, in good health, with the exception of chronic 
hoarseness, was ordered half a drachm of the bromide of ammonium three 
times a day; this was regularly taken for three days, in all nine doses, equal 
to four and a half drachms. On the fourth day, although sensation was 
blunted, it was not absent, for the man had had a bilious attack just before 
commencing the salt, followed by vomiting. I now gave him thirty grains on 
the spot, and ordered two other similar quantities during the afternoon. 
These latter he did not take; nevertheless I succeeded in passing a little 
instrument into his windpipe with comparatively little or no sensation until 
it touched -the epiglottis, when it was at once rejected. I now ordered him 
four doses of half a drachm each for the next day, beginning at three P.m., so 
that on the morning after he would have just swallowed the fourth before 
eoming to me. This he did most punctually; and when he was examined, 
there was complete anssthesia of the mucous membrane of the fauces, nose, 
eyes, and eyelids. Ho had little or no taste, and no sensation in swallowing 
food, impaired smell, looked a little pale, but otherwise said he was well. 
Several times were instruments passed into the larynx without sensation, 
until they touched the epiglottis, and reflex action compelled their with- 
drawal. He was now given chloroform to insensibility; and on recovering 
from it, the anesthesia of the mucous membrane still remained, go that the 


* Journ. de Pharm., Dec. 1849. 
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whole of the eye could be touched with perfect impunity without winking. 
Two days after this most of these effects had disappéared, 4 previously 
haggard look had gone, and he felt all tight again. Four days later he was 
perfectly well. He had taken altogether seven drachms of the salt. 

Exp, 4..~Male, aged 42, health good. For three weeks the salt was given in 
doses of from four to sight grains thrice 4 day, which diminished the sensi- 
bility of the fauces. In the next two days half-drachm doses were given 
thrice a day; and as insensibility was hot complete, a scraple was given 
every three hours for two days more. The result of this was complete 
anesthesia, so that bodies could be introduced into the larynx; but, as in 
the previous experiment, when coming into contact with the epiglottis, they 
had to be withdrawn from the excitation of reflex action. In from five to 
seven days sensation was quite regained, and all the functions testored with- 
out any inconvenience. 

Ezp.5.—Male, aged 51, health good, excepting a laryngeal voice. For fifteen 
days he was given at first 24 and then 6 grains of the salt twice a day, with 
no noticeable effect beyond improving the appetite, voice, and complexion. 
He was then given twenty grains of the bromide four times a day for fout 
days ; aid oni the morning of the fifth day there was anesthesia of the fauces, 
floss, motth, and tongue; and all the special senses were somewhat affected. 
The stomach likewise, for he had no desire for food, although feeling well 
in health ; and he had little or no sensation in micturition. The countenance 
was palef than usual, the skin very clear, and the tongue clean. Differing 
from previous cases, the epiglottis was almost completely insensible, and but 
feebly influenced by the contact of instruments passed into the trachea. 
Next day he felt a little giddy and stupid; but in the three following days 
the senses of taste and smell were returning, appetite indifferent, tongue 
much furred, intestinal and renal secretions regular and normal in quantity; 
ahd setisation restored to the urethra. . 

Kight days later he was sleepless, arid had no desire for food nor for sleep ; 
& bitter taste was present in the mouth, with ati odour of ptyalism; the 
primes: vise were disordered: throat was now sensitive. In a few days all 
these syinptoms disappeared; but it must be stated that they were partly 
dué to an attack of cold from which he waa then suffering, 

ep. 6.—As in the first experiment, half a drachm of the salt was giver 
to 4 man aged 36, in good health, every two hours, using chiefly a tes and 
bread dief. Ditiring the fitst day he took four drachms, the séoond the samé 
quatitity, and the third a similar quantity, when it had to be stopped. The 
s¥fiptoms the first day were very ttiuch like those in Exp. 1; om the 
secéhd thete was some giddiness and stupor, with ittipairment of sensatiot 
both in thé skin end mucots membratie, but nof amounting to complet 
antésthdsia: ott the third day he had passed s restless night, and toward! 
evening he was like a nian intoxicated; lie felt light-headed and drowsy: 
spéech, hearing, and sight were materially affected ; he had no sense of smel. 
no taste, not any sensation in the tiucous membrane ef the throat, nose 
eaf®, eyelids, ahd alimentary canal: Pressure was acartéely felt over thi 
stifiach ahd bowels; there was no sensation in the urethra, atid bot little ir 
thé fecttim: and the bladder would have beer distended if he had not beet 
requésted to éthpty it; its contractile power was uttimpaired. The sensibility 
of thé skiti Was blunted, but not gone. 

Gétieral dtitethesia of the entite minevts tract, thofd oF less, had beer 
het produced, and if was déemed prudent not to carfy out the adthinistre: 
ion of the salt further; the pulse was slow and regular, and forty-four pe! 
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minate; the breathing quict and tratiquil: the membtane of the fauces was 
secreting a transparent fluid, and thete was no congestion. The symptoms 
were allowed to subside sua sponte. The salt was readily detected in the 


Some navsea and anorexia remained for a week or ten days, and he regained 
his normal condition. All his powers were wholly unimpaired. ° 
Esp. 7.—Precisely similar steps were followed out with the bromide of 
potassium in a man aged 42 in good health, but the general results were by 
zo means similar as affecting sensation. It was impaired, and slight anss- 
thesia was produced in the fauces: Yet the stupor was not so great, but 
headache was a prominent symptom; subsequently followed by giddiness and 


derangement of the digestive organs. 
Estrmating the power of the two agents, the ainmonium salt appeared to 
be more active, and produced the peculiar offects of bromine quicker than tho 


1 


Experimente 6 and 7, four drachms of the respective salts were taken 
ech day for three days, equivalent to 14 outtte. In the following the 
Erp. 8.~A young mah, aged 23, ruddy complexion, health good, voice 
weak, Was given half a drachm every hour for twelve hours, beginning at 
seven in the morfiing. It was regularly taken with a drachm of the tincture 
of cardamoms to each dose. By the seventh dose, nausea and headache were 
produced ; these were lessened by the ninth, and at the tenth stupidity and 
drowsiness were imanifest. When the twelfth was taken, intoxication 
to be present, with incoherency of speech. It was difficult to say 
there was complets anesthesia from the man’s condition, but he 
to feel nothing, and the conjunttirs could be touched with the end 
finger withont winking. Prioking of the skin was not felt each time 
done. Bresthing was slow, and the pulse fifty-two, quite regular, 
very sound that night, and the next few days he felt giddy and 
with impsifed sensation of the mucous membrane of the fhuces 
days, but recovered well. The quantity taken in twelve 
he same experiment was topented in a female of 82, in tule 
safe ént was tepea & female of 32, in 
Nothing particular was observed whilst taking the drug 
, and reduction of the pulse from ¢ighty to sixty-four. 
moré drowsy than usual, atid faucial sensibility was dimi- 
sound sleep of somé hours during the night, she awoke 
and offetisive breath, and some natisea. On the third 
eatamnenia sét in very profusely, and continued for some days. In 
foregoing expetitnent, and also in Exp. 8, the bromide was readily detected 


in the urine. 
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: 11.=Twenty grains were pivett to 4 fetnale 97 twice 4 day for 
barton dsys, withons afiy moon ones beyond loathe flesh, and tinpiaited 
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Ewp. 12.—The same quantity was given three times a day to a man of 35, 
and persisted in for five weeks. At the end of that time he had anorexia 
and chronic anesthesia of the throat, +. ¢. impaired sensibility, which had 
been present for ten days. It was also diminished in the conjunctive and 
nostrils; rhinoscopy was very easy. 

.13.—Thirty grains were given to a woman twice a day for a fort- 
night, and the symptoms produced were not unlike those in the previous 
experiment. 

Exp. 14.—A similar quantity, three times a day, was given to a young 
man of 26, He took it well for six days, when it had to be stopped, for he 
felt light-headed and queer, with some restlessness of the limbs. The 
mucous membrane of the fauces was feebly sensible, and could be freely 
touched without any inconvenience or resistance. 

. 15.—In another person, thirty grains given three times a day for ten 
days produced no decided change whatever beyond altering the complexion. 

Exp. 16.—Half a drachm was injected into the rectum of a male aged 31 
every four hours for two days. It was readily detected in the urine, and 
exerted its influence chiefly in diminishing sensation in the genito-urinary 
tract of mucous membrane and lower part of the alimentary canal, which 
felt benumbed. It seemed also as if sensation was diminished in the fauces. 

Exp. 17.—The same experiment, repeated upon another man, caused a 
slight attack of diarrhwa, but sensation was nevertheless sensibly impaired. 

Exp. 18.—A scruple in half an ounce of water was injected into the male 
bladder, and repeated twice at intervals of two hours. It was quickly ab- 
sorbed, for reagents indicated the presence of but a small quantity in the 
urine voided before each recurrence of the injection. Very slight ansesthesia 
was experienced at the neck of the bladder; and in seven hours from the 
first injection there was copious diuresis. 

| . 19.—An eight-ounce mixture, containing half a drachm of each of 
the iodide and bromide of ammonium, was ordered in tablespoonful-doses 
twice a day to a healthy female aged 22. The first dose caused severe sickness 
and vomiting, with great prostration and.syncope; severe abdominal pain, 
but no diarrhoea. She remained very poorly the remainder of the day. 

Exp. 20.—A similar mixture, containing a drachm each of the two salts, 
was ordered for a female aged 28, with aphonia—on the same day as in the 
preceding experiment. The first dose was swallowed at the chemist’s, and on 
her way home she was seized with sickness and vomiting, great pain in the 
bowels, prostration and diarrhea. Next day she was well again. 

Although the symptoms were the same in each experiment, excepting the 
presence in one and absence in the other of diarrhasa, yet they clearly 
proved that the salts of iodine and bromine are incompatible. I did not 
like to repeat the experiment. In Exp. 19 the quantity of each salt taken 
was about two grains, whilst in Exp. 20 it was about four grains. The 
general symptoms were certainly severer in the latter, which may account 
for the presence of the diarrhea. 

I have performed several experiments upon animals with bromide of am- 
monium, and have given various quantities by the stomach, with compara- 
tively no inconvenience, and they rather go to prove that tolerably largo 
doses may be given even to very young children without any ill effect ; in- 
deed I have administered pretty large doses to infants and children for 
hooping-vough and other diseases, with the most satisfactory results. 

I have not injected solutions of the salt into the circulation in animals, for 
the reason that no valuable or practicable inferences would haye been fur- 


PHYSIOLOGICAL EFFECTS OF THE BROMIDE OF AMMONIUM. 89 


nished, beyond the mere fact that death would have ensued from almost any 
quantity, as in Dr. Glover’s experiments with the sister salt, the bromide of 
potassium. Nor have I destroyed one single life, nor caused a pang of misery 
to any dumb creature,—not that I disapprove of such experiments if impera- 
bvely demanded by the exigencies of science. 

In some of the foregoing experiments it will be observed that whilst large 
doses, frequently repeated, produced certain specific results in the majority 
of persons, in some these were comparatively slight, depending most pro- 
bably upon some idiosyncrasial influence, antagonistic to the bromine salt. 

The skin is seldom devoid of sensation, unless large and poisonous doses are 
persisted in; the same may be said of the gastro-intestinal tract of mucous 
membrane, which I infer to be equally in a state of anesthesia from insen~ 
ability to preasure over the abdomen, and the presence of anorexia. Two sets 
of nerves are evidently influenced, those of special sensation, and some of the 
branches of the sympathetic supplying the intestinal mucous tract; why this 
should be so I shall not undertake to explain, but the fact is patent that the 
eatire mucous tract of the body is more or less affected in sensation by large 
and continuous doses. ‘The respiratory tract I also infer to be included in 
this, from the subsidence of any irritation giving rise to cough or spasm; no 
impediment to breathing has ever been noticed. 

It may not be out of place to mention here that the sister salt, bromide of 
potassiom, is given at the hospital for epilepsy and paralysis in London, in from 
ten to twenty, and sometimes thirty grains, three times a day, as I learn from 
Dr. Jackson, one of the physicians. He further informs mo that the patients 
there have not been observed to get notably thinner, nor has he noticed any 
special symptoms after the use of the salt, beyond the alleviation of their 


Effects on Atheroma, Cholesterine, and Fat in the general economy.— Whe~ 
ther'given in small, frequently repeated (two to five grains thrice a day), or 
in moderately large, less frequent doses (five to ten or fifteen grains once to 
three times a day), a distinct influence was noticed upon the various agents 
Which more or less constitute the adipose element throughout the body—a 
result that at first was quite unexpected upon my part. 

Various degrees of rotundity, increasing to positive corpulence or poly- 
garcia, in persons otherwise in good health, yet in whom there was a decided 
and positive indication of excess of atheroma and cholesterine in the system 
as manifested by the presence of the atheromatous expression*, were sensibly 
afiected according to the period of administration, the dose, or the combina~ 
hen of the drug with a certain moderate dietetic regimen. 

Of some five-and-thirty cases, in which corpulence may be said to have been 
present in various degrees, in all, with some five or six exceptions, did the 
bromide of ammonium exert a decided effect in diminishing weight and im- 
proving the general comfort. That is to say, when this agent was persisted in 
for some months, and in doses of three or four grains twice or three times e day, 
several pounds in weight were gradually lost, and the individuals seemed to get 
thinner; nevertheless the general health continued unimpaired, or improved 
sull further under its use, the adipose development became decidedly less, the 
secretion from the oily sudoriparous glands, seen in a shining face, was modi~ 
fied and diminished, and altogether there was an improved appearance in the 
countenance, which the persons themselves were fully sensible of. But when 
the diet was moderately regulated, and the drug given in the mornings only 
before breakfast, the reduction in weight was more speedy, more decided and 


© For a iption of this, see a paper by the author in ‘The Lancet’ of May 12, 1860. 
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permanent, and the general health continued excellent. In most of my 
earlier experiments the pure bromide of ammonium was used to britig about 
these various results, I am now in the habit, however, of directing from one 
to three (or more) teaspoonfuls of the effervescing bromide, an elegant and 
most agreeable salt prepared by Messrs. Fincham, of Baker Street, London, 
to bé taken before breakfast, in water, to neutralise or combine with the 
various fatty agents in the economy, which so materially aid in shortening 
the period of human existence, It may be here mentioned that a drachm of 
the effervescing bromide contains two grains of the salt, and that this quantity 
is equivalent to a teaspoonful. If it is desired to give this agent but once daily, 
no better form evuld be chosen, as four of six grains of the pure salt may be thus 
administeréd with great comfort and certainty. It dogs not undergo decon- 
position in the stomach, but is absorbed or acta in its condition of bromide. 

Before giving a few illustrative cases, it may be further mentioned that 
the general use of this agent in many hundreds of different individuals de- 
monstrated some remarkable and striking facts, which an experience of some 
years, pathologically, will determine the value of, and they are as follows :— 
When the atheromatous or calcareo-atheromatous expressions have beau 
present, not netvessarily associated with corpulence, but where the pronences 
to adipose changes or developmient was apparent; and in examples of persons 
undergoing atheromatous cotiversions, besides the changes last mentioned, 
there was noticed a marked clearness in the fatty eye, the argus or annulus 
adiposus vel senilis, if present, became less yellow and oily-looking, the face 
was brighter, the integument not being so greasy, the mental fuculties seemed 
to become more active and the mind sharper, and the bodily energy was 
certainly greater. 

The foregoing changes were significant of others not less important going 
on within ; for although the general health was good, it was quite evident in 
some that the éxpression already referred to was sn index of atheromatous 
deposits, and a pt'eponderance of cholesterine in the greut blood-vessels 
springing from the heart, and also in the smaller vessels at the base of th 
brain. In somo there could be no doubt of the coexistence of s large and 
flabby heart, with true fatty degeneration of its muscular strnetdre, indicated — 
by physical signs which it is not necessary to onter into here. | 

If the effects of this salt were so manifest in its external aspects, it is but — 
reasonable to assume that the internal were not the less positive and certail. 
And this seemed to me powerfully confirmed by the incressed vigour of the © 
intellect, thé increased power in the rhythm of the heart, the soundness i 
breathing, and the softness of the pulse, with an apparent dectease of thé — 
rigidity ahd hardness of the coats of the blood-vessels at the wrist and some 
other places, | 
. Kap. 21-3. F., aged 43, health good, moderately polysarcious, athe 
romatous expression well marked, annulus adiposus, appetite indifferent, 
weight 173 lbs. Took three grains bromide of ammonium for seven months. 
For the first thirteen weeks lost a pound s week, and afterwards from half te 
three-quarter pound per week, until his weight was reduced to 157 lbs., whet — 
it appeared t6 be stationary. His health continued exodllent, and his sppe- 
tite wae better, although he ate a smaller quantity of food. | 

Exp. 22«=A. D, K., aged 57, « stout corpulent person, weighing 237 Ibe, 
= good example of polysarcia, Health moderate; face red and greasy ; oye 
congested and fatty, with no arcus; cracked voice froin depesit of athetons 
in the vooal chords ; sweet taste in the mouth constant ; no ¢lusvsuria ; frucisl 
mucous Membrane congested, red and oily-looking ; appetite at times inord- 
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hate. Five grains bromide administéred twice 4 diy, and his diet régulated. 
Ne change for the first fortnight; in third week 8 lbs. were lost, and then 
the diminution went on pretty regularly for about four motiths, averaging 
about a pound a week; at this time he weighed 208 lbs. The bro- 
wide was given im tén-grain doses every morning before breakfast fot six 
weeks, and the decrease in that period was 11 pounds; it now caused a little 
nansea, and wes intetmitted for a short time, and yét diminution still went 
on, and the health became very good. It was réstimed in four-graih doses in 
the morning, and after the lapse of ten months from the comméncement he 
had lost 53 pounds, which brought him, he said, to something like his normal 
standard. He has latterly been taking the efferveascing brotnide, whieh he 
fads execedingly grateful to the stomach, but with no very sensible diminu- 
ton in bis weight now. All the other syniptoms improved, 4s in Exp, 21. 
This person had previously given a long trial to the Fucus vesioulosus, until 
~ his vitals turned against it,” and without the slightest benefit, 

Exp. 23.—Majot J., aged 44, very corpulent, with reddish face and stout 
lush. Palpitation of the heart and feeling of fulness in the chest, very fond 
of puddings and port wine, which he said he digested well, Weight 198 lbs., 
wiseh was uncomfortable, as he was a short man. Eight grains of bromide 
giren twice a day : the pudditgs were stopped and the port wine changed. In 
Sve months there was a loss of 23 lbs., and in another threé mantlis 84 lbs. 
more, so that he was reduced to 1064 lbs. 

24.— Mrs. St-=-—, aged 47, nioderately stout, but with all the expres- 
ann of grent deposit of atherotha and cholesterine in the veesels, Weight 
1-2 ba. The bromide was given in the mornings before breakfast only, in 
docs of six grains. One of the first effects noticed was thé subsidence of a 
mest irritable temper, and improvethent in the facial expression; this was 
foiowed by alow and gradual loss of weight, until in five months she was 
redused to 163 Ibe. The diet was regulated here &s well, 

Erp, 25.—Rev. P. J., aged 64, getting so stout that it was a constant sourde 
af dwcumfort; weight 213 lbs. The bromide was given pretty regularly, at 
Sst in small doses, then in larger, without any apprediable benefit, An éffott 
was st the same tims made to regulate the diet, but great difficulty was ex- — 
werienced in effecting this. The diminution therefors was comparatively slight, 
more especially as milk was freely indulged in. 

Erp. 26.—Mary P—-—, aged 36, inclined to be stout, with a large flabby 
beart. and from the facial expression and general appearance, the sibject 
mast probably of disease of the large blood-vessels at the heart atid base of 
the brain, taken together with a family history which seemed strongly td 
oufrm it. Weight 162 ibe. The bromide hére was most invaluablé, for a 
marked improvement followed, and the weight waé reduotd sensibly and 
comfortably, although not more than 11 Ibs, 

Erp. 27.—Jutia D., aged 28, with the atheromatous expression, slight 
dvepnma, fair embonpoint, good digestion and exeellent health. Three-grain 
4.55 of the bromide twice a day, taken for mariy weeks, most sensibly acted 
™ the frst three, and she became a little thinner, which was shewn by the 
general loosening of her garments. — 

Espts. 28, 29; 30.—Thteo males, aged 27, 32, arid 41, who wefe moderately 
ost, and in whoni from 7 to 14 lbs. were reduced if weight by five grains of 
the bromide twice a day for seven months. 
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Exp. 33.—Man, aged 37, inclined to become very stout, and an imbiber of 
much malt liquor, reduced himself in weight 15 Ibs. in eight months, by small 
doses of the salt, almost constantly taken. 


Of the remaining dozen cases the diminution in weight was mostly a few 
pounds, but they were not good examples of polysarcia as in some of the first 
experiments related. Moderate corpulence or inclination to stoutness were 
the prevailing features, and the quantity of adipose or other matter therefore 
to be got rid of was necessarily not large. In some the weight was increased 
instead of being diminished, which I attributed to increased appetite and the 
consumption of more food. 

The foregoing experiments prove that some peculiar property is possessed 
by the ammonium salt, through the agency of the blood, in resolving some of 
the constituents of the adipose element. Whether this is of a chemical na- 
ture or otherwise I am not prepared to say, but am disposed to favour the 
former, for the potassium salt does not appear to possess this property, else it 
would have attracted attention ere this. And although the ammonium salt 
alone will in some persons absorb fat as an abnormal element, it is ably 
assisted by regulating the diet, and prohibiting such articles of food as keep 
up the tendency to its deposition. Dr. Glover has asserted that the bromides 
of potassium and sodium have little action of a corrosive character, but I will 
say of the bromide of ammonium that it has none at all, and assimilates 
better than either, seldom or never disagreeing even with the food when 
taken immediately before or after meals. Its influence upon the diseaso of 
the inner coats of the blood-vessels I attribute more to its direct chemical 
agency than to its absorbent powers. Nevertheless, whatever may be the 
rationale of its operation, it is an agent calculated to prolong life to a good 
old age, from the remarkable properties it posseases in this respect. 

It does not cause atrophy of healthy organs, and curiously enough when 
given to thin people in small doses, its tonic properties increase the appe- 
tite, and thus adds to the weight of the body, which some might consider 4 
physiological paradox, but the circumstance readily explains itself. | 

The use of the Bromide of Ammonium in Medicine.—The length of the pre- 
sent Report will permit of a brief notice only of the value of the salt in the 
treatment of disease. 

As is the case with the salts of iodine in absorbing hypertrophied structure, — 
so is it with those of bromine, and the bromide of ammonium is not inferior 
to any other preparation in its powers in this respect. The iodide and 
bromide of ammonium possess this property, and possibly the chloride of | 
ammonium hereafter may be found also to possess it; for it is well known | 
that between chlorine, bromine, and iodine and their compounds, exact and, 
as it has been said, beautiful chemical relations subsist. With regard to 
chlorine, the fact is deserving of remembrance, that persons employed 2 
bleaching-factories lose their fat or other hypertrophied tissues, and become | 
thin without impairment of their general health. . 

As an absorbent and resolvent, the bromide of ammonium has been used in 
hypertrophy of the tongue, liver, spleen, heart, thyroid and other glands, and 
other parts of the body with fair results, and it is strongly recommended for 
trial, more especially in hypertrophy of the spleen, heart, and early bro2- 
chocele. 

In various cerebral or nervous affections, such as epilepsy, some forms of 
mild paralysis, neuralgia, especially of the uterine organs, nervousness, snd 
tremors, and mild forms of cervical neuralgia, it will be found to posses 


— 
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various degrees of usefulness. It here seems to act as an antispasmodic, for 
it calms irritation and allays nervous excitability. 

, Fatty disease of the heart and diseases of the blood-veasels are amenable 

It. 

Bronchitis, asthma, pertussis, affections of the trachea, throat, antrum, and 
nose, in fact wherever the mucous membrane is implicated will the salt be 
found to possess some degree of usefulness. 

Some forms of chronic rheumatism and diseases of the skin are benefited 
by it. And amongst other properties it occasionally possesses that of an 
emmenagogue, and has proved useful in amenorrhoa. 

Administered in certain ways, it may be found hereafter valuable in diseases 
of the genito-urinary mucous membrane. 

In these few remarks I prefer to point out the direction in which the agent 
may be made useful, than to say much at present upon the subject. 

To obtain its good effects it should be given with comparatively few com- 
buations, for the union of its constituents, although by no means readily 
broken, is at any rate influenced by certain substances which negative its 
properties. Incompatible substances must especially be avoided, and the 
antagonism between it and salts of iodine must not be forgotten. 

Not the least of its advantages is, that it can be given in those constitutions 
wherein the preparations of iodine disagree. 

General conelusions.—These may be stated as follows :— 

1. In small doses, more or less long continued, bromide of ammonium acts 
a8 a tonic and absorbent, and exerts its peculiar properties upon the skin and 
mucous membrane. 

2. It diminishes the weight of the body in polysarcia, causing the absorption 
of fat, cholesterine, and atheroma, when combined with a regulated diet ; and 
this is effected with greater certainty than by any other known substance. 

3. It improves the intellectual powers, increases the bodily capacity, and 
promotes healthy function. 

4. Locally it possesses a soothing influence on the mucous membrane, and 
according to the strength and mode of its application, so does it diminish 

bility. 

. In large, frequently repeated doses, or given at intervals, it influences 
the entire mucous tract; it affects all the special senses, and prdéiluces 
anesthesia or impaired sensibility of the various mucous outlets. 

6. All the poisonous effects are produced by very large doses as from the 
bromide of potassium, but in smaller doses it is more certain and reliable, 
causes no diarrhosa or diuresis, nor anaphrodisiasis, and its special properties 
are exerted sooner and with less inconvenience. 


On the Transmutation of Spectral Rays —Part I. 
By Dr. C. K. AKIN. 


Tux discovery of fluorescence, by Professor Stokes, has opened to science a new 
and wide field of research of the greatest promise; nevertheless, though a 
few persons have more ‘or less clearly perceived the existence of outlying 
ground*, no one has actually attempted to carry cultivation beyond the ex- 
tent from which Prof. Stokes, by his labours, has derived such remarkable 


* See Appendix, p. 97. 
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resulis; nor has it been but tried to subject the whole field to a systematic 
survey, by which future investigators might be guided in their researches. 

- 1. The discovery of Prof. Stokes is well known to have consisted in this:— 
He found that very many substances, upon the incidence of invisible rays of 
greater refrangibility than the violet, scattered visible rays, and were thence 
rendered perceptible to the eye, in what would otherwise have bean completa 
darkness; and also, that most of such substances, upon the incidence of ordinary 
visible rays, had the power to produce, in the diffused (or re-emitted) beam, 
ather visible raya, of less refrangibility than the incident, Such substances 
Prof. Stokes called fluorescent. Now the above facts naturally suggest several 
questions, to explain which briefly and clearly it is necessary to advert to 
the constitution of the solar or other similar spectra as evolved by a neu- 
tral or non-absorbent prism. Every such spectrum consista of three com- 
partments, distinguished by physiological—or generally, oxtrinsic—rather 
than intrinsic peculiarities, but which it is yet necessary for present purposes 
to consider separately, In order to avoid the mischievous ambiguity attendant: 
on the adoption of the terms actually in use, it is proposed te employ in the 
sequel the following new nomenclature as applied to the three compartments 
of the spectrum, and the species of rays which each of them contains. The 
medium compartment, and the visible rays of which it consists, will be called 
Newtonic ; the compartment bordering on the red end of the Newtonie, and 
the invisible rays composing it, will be called Herachellic; finally, the com- 
partment bordering on the violet end of the Newtonic, and the similarly in- 
visible rays of which it is composed, will be called Rtiterto—the name given 
being formed in each case from that of the first discoverer of the given species 
oO rays. 

_ 2. Considering the different nature of rays as just described, and the con- 
vertibility of some of them inte others of a different refrangibility exhibited 
in the phenomena of fluorescence, the question, implying several distinct pro- 
positions, must naturally arise in the mind whether, upon the whole, changes 
. in regard to wave-length and refrangibility, or tranemutations of rays corre- 
sponding in number and kind to the following list, may not either spon- 
taneously occur in nature, or be capable of production by experiments specially 
directed to the purpose, Viz.:-—- 


Transmutations 

1. of Bitterie rays into less refrangible Ritteric rays, 

2. » (») Newtonic rays, 

3. ” os (5) Herschallio rays, 

4.of Newtonic __,, ” Newtonic rays, 

5. » ” (55) Herschellic rays, 

6. of Herschellic __,, ” Herschellic rays ; 

also 7. » »» more refrangible Herschellic rays, 

8. - » (5) Newtonic rays, 
By | o - 9 Ge) Ritteric rays, 
10. of Newtonic _,, ” Newtonic rays, 
11. » . ” aC) Ritteric rays, and 
12, of Ritteric » ” Ritteric rays. 


3. Of the enumerated list, the transmutations (2) and (4) belong to fluo- 
rescence; the question of feasibility extends, hence, only to the remaining 
ten. Of these, the transmutation(8) deserves most attention, as being, at once, 
the counterpart of (2), and implying, equally with the latter, a conversion of 
invisible rays into visible. But, since both the species of transmutations ac- 
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seslly effected belong to the first series only, extending from (1) to (6), any 
one of the transmutations from (7) to (12), which, instead of ag the former s 
diminution, imply an increase of pen Tae in the transmuted beam, would 
sn interest of its own if secomplished. More particularly would this 
60 in the onne of the transmutation (10), which is the sounterpart or con~ 
verse of the transmutation (4) occurring in fluorescence, and which, from its 
concerning exclusively visible rays, would he, at once, easiest to prove, and, 
next to (8), practically most importent. 
_ Itis the chject of this paper to propoge three several experiments, which, 
it is supposed, would be found capable of realizing the two transmutations (8) 
and (10) spoken of aboye. The mode of conducting each of them, ag applica- 
ble to the transmutation (8), is described in what follows, - 


Experiment I, 

4. The oxyhydrogen flame is well known to excite in lime, chalk, and 
other similar substances a most brilliant light, if brought into contact with 
them. The flame by itself, on the contrary, js but sparingly visible, and hence 
deficient in Newtonic rays; whilst, from the experiment mentioned below®, it 
tppears signilarly r in Ritteric rays. Considering these circumstances, 
and the high cal ry power of the oxyhy drogen flame, if seems fair to 
conclude that the rays principally emitted by it are of the Herschellic species. 
Now the Newtonic rays emanating from the flame upon the introduction of 
lime, &c.,—which, there is reason to believe, are accompanied glso by a strong 
beam of Ritteric rays,—eannot but be owing to a transmutation, in statu 
rascenti so to speak, of the rays originally emitted by the flame when free 
from farign matter, and therefore most probably evidence ¢ phenomenon of 
the kind which it is intended to produce, But, to render the experiment com- 
ely similar to those of fluorescence, the following arrangement would haye 

let two conjugate mirrors of. large size be placed opposite to each other, one 
containing in its focus the oxyhydrogen flame, the other a piece of chalk or 
ime. Let, farther, absorbents be employed to cut off as many of the Newtonio 
and Ritteric rays as the flame may be found to emit, from access to the focus 
wherein the lime is placed. If the mirrors are of sufficient size to render the 
temperature at the distant focus approximately equal to that of the flame 
ituelf, there is every reason to believe that the lime therein contained will 
begin to shine ont, or, in other words, will emit Newtonic rays consequent 
upon the incidence of Herschellic rays, in the same way as a fluorescent sub- 
stance emits Newtonic rays consequent upon the incidence of Ritteric raya, 
The possible duration of the luminosity thus produced beyond the time of 


hin imprecion todcced tyme onphy open fae! afer twasty seconds’ expouare of 
Euphie impression by an oxyh r twenty seconds’ exposure 
the sensitive paper, was very faint; the ity ion produced by lime-light, after the same 
time, being, on the contrary, very strong. Seeing that the chemical action of Newtonic ra 
$ apa than that of Ritteric rays, this observation tends to demonstrate the defi- 
cuncy of the oxyhydrogen flame in Ritteric rays when in itg natural state, and at the same 
time to indieate that the transmutations taking place in the flame upon the introduction of 
lime sre of the nature supposed in the text. oe 
[On the reading of the present Paper at Newcastle, Prof. Miller, being present, mentioned 
the " of similar tendency :—The raye of the oxyhy flame, if con- 
centrated by a glass lens upon an ordinary thermoscope, produce little or no effect before 
introduction of lime, but a considerable effect after ita introduction. This seems to be 


F 


owing to the diminished absorption which glase exercises upon the more refrangible 
w compared with the loss refrangibje. no ” | . ae 
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incidence of the rays of the flame would in no way subvert the similarity just 


pointed out*. 
Experyment II. 

5. The foregoing experiment recommends itself for the reason of the almost 
total absence of Newtonic and Ritteric rays from the ray-producing source, 
whose presence, at least for the production of the transmutation (8), is not 
wanted. On the other hand, the execution of the experiment would be liable 
to considerable practical, if not other, difficulties ; and hence that next to be 
described may be considered as, upon the whole, perhaps, more hopeful. 

Let, as radiating source, the sun be chosen, and, as test-object, a piece of 
metal—best of all a thin piece of platinum-foil, which place in the focus of a 
large mirror exposed to the sun. Ifthe mirror be of sufficient size, the pla- 
tinum will become incandescent, and may even meltt. Let the former result 
only be supposed to happen. All the three kinds of rays, Ritteric, Newtonic, 
and Herschellic, being present at the focus of the mirror, each will have con- 
tributed a certain share to the production of the temperature of incandescence 
of the piece of platinum exposed to their joint calorific action. Let this 
action, so far as the Ritteric and Newtonic rays Jointly are concerned, be re- 
presented by a, and that of the Herschellic rays, by themselves, be denoted 
by 6. If the two former species of rays be prevented by absorbents from 
reaching the platinum}, but the deficiency of calorific action caused by their 
withdrawal be replaced, either by employing a mirror capable of concentrating 
a pencil of Herschellic rays of the separate calorific action («+ 8), or by some 
other independent means, then there does not appear any reason why the 
platinum should not be rendered incandescent, or made to emit Newtonic 
rays upon the sole incidence of Herschellic rays, as heretofore apon the inci- 
dence of the unsifted solar beams. An experiment of this nature would bear 
the closest similarity to those by which fluorescent phenomena were first of 
all discovered. 

Experiment ITI. 


6. The third and last experiment to be proposed is founded upon the fol- 
lowing considerations :— 3 
Fluorescence Prof. Stokes is inclined to consider as owing to the vibrations 

of the material molecules of matter when acted upon by incident rays§. 
Adopting this view of the matter, and recollecting that each substance by 
itself constitutes a distinct source of rays, the efficiency of which depends on 
temperature or on impressed molecular motion, it is natural to suppose that, 
in the rays emitted in the act of fluorescence, the spontaneous and incident — 
become blended in a certain manner by some kind of interference. That th — 
is true to some extent seems to result, among others, from the observed influ- 
ence of temperature on the power of substances to fluoresce ||; consequently, 
the law established by Prof. Stokes with reference to all fluorescent pheno- 
mena may be shown to be capable of a different construction from that usually — 
put on it. Remembering that the incident rays, in fluorescence, are either 


* Cf Part IT. Art. 4, p. 102. 
t Cfe. g the accounts of experiments with burning-mirrors in Phil. Trans. 1686, (tl. 
xvi.) p. 352, and 1719, (vol. xxx.) p. 976, some of which refer, if not actually to platinum, 
to silver, which is almost equally refractory. 
t For simplicity, the absorption which the Herschellic rays would, practically, underg? 
simultaneously with the remainder has been left out of consideration. 
Phil. Trans. 1852, F; 548. . 
Bee Gee Stokes) Phil. Trans, 1852, p. 632 and ; (M. O. Fiebig) Pogg. Ann. vol. cnt. | 
p. v4 . 


ON THE TRANSMUTATION OF SPECTRAL RAYS. 97 


Ritteris or Newtonic ; whilst the spontaneous rays of substances, af the tem- 
.peratares af which their fluorescent nature has been investigated, are of the 
Herechellic species; the transmuted or resultant rays, finally, being of the 
Newtonic species; the law adverted to, which requires the transmuted rays 
to be of inferior refrangibility to the incident, may be interpreted also as im- 
plying that the transmuted ray should be of a mean between the incident 
and spontaneous in regard to refrangibility®. Assuming such to be the case, 
the question becomes natural whether, if the order of the rays employed in 
ordinary fluorescence were reversed, by taking for test-object a substance 
naturally emitting Ritteric rays (either alone or in sensible proportion with 
others), and allowing Herschellic rays to be incident on it, the result might 
not be the same as in fluorescence—namely, an emission of Newtonic rays, 
seeing that the circumstances of the experiment, though reversed, are essen- 
tially the same in the two cases. 

7. As objects of experiment, many different kinds of flame might be em- 
ployed, as, likewise, the electric vacuum-discharge. Upon the whole, however, 
of the three experiments proposed, least reliance should perhaps be placed on 
the present, as having the least basis of fact, but principally conjecture, to rest 
upon. The views upon which it is founded imply also a contradiction of the 
principles by which the preceding two experiments are supported, and, if 
pushed to extremes, would similarly be in opposition to certain facts of fluo- 
nae ; nevertheless they will probably be found to accord with truth 
within limits, 


8. The question which has been advanced for solution in this paper, and 
the experiments proposed, might naturally lead to the consideration of some 
incidental subjects, the most important of which may be worthy of mention. 
The first experiment suggests an investigation of the mode of action of foreign 
matter, whether in the solid or gaseous states, upon comburescent gases or 
flames with reference to the rays emitted by the same ; the second experiment 
Involves some discussion of the incandescence of matter in its relations to 
various other similar phenomena ; whilst the third might throw some light on 
the action of gaseous incandescent matter upon rays in general. The bearing 
of all the three experiments, and the considerations which they imply, on the 
subject of ray-absorption are too evident to need pointing out. 


Appendix. 

9. In this Appendix it is intended to present a short historical review of 
the several publications on the collateral phenomena of fluorescence, alluded 
to in the beginning of this paper, which have come to the knowledge of the 
author. They almost all owe their origin to the following observation by 
Fosinieri, which, however, is generally, though erroneously, ascribed to Mel- 
loni. Fusinieri had noticed, and published his observation as early as the 


* The account of the origin of fluorescence given by Prof. Stokes (see Phil. Trans, 1852, 
P. <8) seems to leave it doubtful whether fluorescence depends on the ooo on of the 
spontaneous rays with the incident, or not; for, though some kind of interference is men- 
Goned, the expression seems to refer to the successive impulses given to a molecule by a con- 
tnoally impinging ray, rather than to the mutual actiun of the incident and spontaneous rays. 
On the other i Hy formed, the speculations put forth in the text bear 
tome similarity to the of fluorescence suggested by M. rel, in Pogg. Ann. 
Tol exvii. p, 642 (Dec. 1862). This writer, however, mistakes in stating that the wave- 
length of the tranammuted beam is necessarily equal to the difference of the wave-lengths of 
ee pga! and spontaneous mys, which is not in accordance with facta , 
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year 1881¢, that snow shaded by trees, or generally by objects suspended 
from the ground, melted more rapidly than snow freely exposed to the radi-. 
ating action of the sun or skies. To explain this apparently anomalous fact, 
Melloni thought it sufficient, in his commentst on a later paper by Fusinieri 
on the same subject}, to ascribe to snow a difference of absorptive powers for 
different rays, which he attempted also to prove by direct experiment. He 
denies that a conversion of light into heat—or, as we should more correctly 
express it, of Newtonic into Herschellic rays—can account for the effects ob- 
served, thinking the assumption to be disproved by the following experiment. 
The incidence of the rays emanating from some lamp produced in a thermo- 
electric pile § a current which, measured by the galvanometer attached, was 
equal to 15° when the rays passed freely through the air, but of 30°-5 when 
the rays were first transmitted through a sheet of paper. When the rays were 
first of all transmitted through glass rendered opake by lamp-black, the re- 
sultant current was as 18°-19° to 10°~11°, according as the paper also was 
interposed or not. As the increase of calorific effect upon the interposition 
of the paper sheet thus occurred in the absence as well as in the presence of 
light—that is to say, of visible or Newtonic rays,—Melloni concludes that a 
conversion of the latter into heat—or, as we should say, into Herschellic rays— 
cannot be the cause of the augmentation observed. This argument, however, 
as well as the explanation attempted by Melloni himself, is evidently falla- 
cious. To the latter, already Fusinieri very reasonably objected || that, since 
the direct beam issuing from a radiating source must necessarily contain all 
the rays to be found in the same after diffasion or reflection ]—besides, gene- 
rally, others,—the diffused or reflected beam could never offer to any substance 
more rays absorbable by it than the direct beam. On the other hand, Mel- 
loni’s experiment, so far from disproving the conversion of visible into other 
rays, tends rather to prove that, besides this conversion, a transmatation of 
invisible rays also into others, probably of less refrangibility, is possible ; 
since the interposition of the paper sheet, in the absence of visible rays, still 
produced.an increase of calorific action of 8°, against the 18°-5 which it caused 
in the presence of light®®. As for Fusinieri’s own speculations on the subject, 
it is unnecessary to advert to them, since, besides not being clear, his expla- 
nation involves the materiality of rays, and proceeds from a negation of the 
discoveries of Melloni with reference to radiant heat. 

10. In 1861, Prince Salm called attention to Fusinieri’s observation, as 
the author of which he names Mellonift. Without entering further into 
the matter, M. Salm considers the fact as proving the fluorescence of heat,— 
leaving it doubtful to some extent what the meaning is which he attaches to 
the expression. 

11. Induced by the above, M. Emsmann published in 1861 a note tt, in 
which he quotes a paragraph from an article contributed by him, in 1859, to 

* Annali delle Scienze, vol. i. p. 196. 
+ Compt Rendus, vol vi. p. BOt (1838), | 

i i delle Scienze, vol. viii. p. 38 (1838). 


It may be usefal to m tion Ehat the is pi 
00a any, be seta t en exposed face of the thermo-electrio pile was 


Lene menses vol, vill p. 237. 
pro Cases of ray-transmutation excepted, the occurrence of which Melloni strives to dis- 


ve. 

** Another instance in which the interposition of a screen produced an ion of 
calorific effect was mentioned by Melton, upon an earlier occasion, in Ann. de Chim. et de 
Phys. vol. lv. p. 387 (1834) Taylor's Scientific Memoirs, vol. i. p. 68 (1837). 

‘TT Pogg. Ann. vol. oxiii. p. 54 (1861). 

4 Pogg. Ann. vol. exiv. p. 651 (1861). 
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Cornelins and Marbach’s ‘ Physikal. Lexicon,” showing that he then enter- 
tsined the question of the possibility of phenomena the reverse of fidorescenice, 
or of the transmutation of Herschellic into Newtonio rays. In the sequel, hows 
ever, M. Emsmann adduces facts which in his opinion exemplify phenomena 
of this kind, rendering thereby his estimation of what constitutes fluorescence, 
or its converse, of doubtful clearness. Iodide of mercury, which is commonly 
scarlet, tpon sublimation becomes transformed into yellow crystals, which 
may be preserved for some time; several other substances exhibit similar 
changes of colour. Steel also alters its colour by heating. In all these in- 
stances, according to M. Emsmann, by the action of heating, “ that is to say, 
by heat-vibrations,’”’ substances are made to reflect rays of higher refrangi- 
hiity than would otherwise happen. Similarly, the rays emitted by incan- 
descent matter increase in refrangibility with the increase of temperature. 

Now it is easy to show that none of these facts in the least exemplify what 
they are intended for. In the first place, substances which change their 
colour in consequence of heating do so, generally, by selecting different rays 
for simple diffusion in their several states; if the incident beam was deficient 
in the rays which are reflexible, or consisted merely of invisible rays, then 
such a substance would turn black. This is the case with the iodide of mer- 
cury for instance. Such substances, on the other hand, which, being self- 
lominous, easume different tints at different temperatures, as, for instance, 
ineandescent metals, do so independently of incident rays, or, at any rate, not 
in a manner proving obviously or necessarily the transmutation of Herschellic 
into Newtonic rays. Nor does this fact show that, similarly as “the dark 
chemical (or Ritteric) rays may produce modifications of one kind in the 
colour of the luminous (or Newtonic),” so also the dark heat (or Herschellic) 
rays may modify the colour of the same rays in an opposite direction—in 
which way M. Emsmann defines fluorescence and its conversd in one place. 
As for steel, its coloration is generally supposed to be simply an instance of 
the coloration of thin plates ; so that, upon the whole, none of the phenomena 
sddueed can be considered as bearing any resemblance to those of fluorescence, 
or those which might be conceived as its counterpart. 

12. Another publication is by M. Dammer*, who observed in the winter of 
1862 9 faet already noticed by Fusinieri, if not in exactly the same way, that 
lee beneath leaves, whether imbedded on the surface or in the midst of the crust, 
melts sooner than ice freely exposed to the rays of the sun. This, according 
to M. Dammer, is a phenomenon analogous to that adverted to by M. Salm. 
The fset, however, may be dependent rather on conduction than on radiation, 
and henes capable of explanation without the aid of assumed transmutations. 
It is, besides, to some extent similar to one of Franklin’s observations ¢, which, 
though directed to show differences dependent on colour, incidentally proved 
alpo that snow beneath strips of cloth melted more rapidly than if ungovered. 

13. In conclusion, it will be but just to state that Prof. Stokes, in his 
Peper on fluoreacencet, had adverted to the probability that transmutations of 
‘sible (Newtonic) into invisible (Herachellic) rays might account for the dis- 
appearance of light in cases of ray-absorption which cannot be classed under 
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Part IT. 


In the first part of this paper three experiments were described, having 
for purpose the production of the converse phenomenon of fluorescence. It 
is the object of this second part to discuss in greater detail one of the experi- 
ments proposed, viz. the second, in its relations especially to the subjects of 
phosphorescence and incandescence. 

1, The luminosity of matter, or the emission (in the language explained in 
the preceding part) of Newtonic rays—as well as radiation upon the whole— 
may arise in a twofold manner, which it seems important to distinguish. In 
the first case, there is a production of light by certain processes which do not 
imply pre-existing radiations ; whilst, in the other, only a reproduction and 
communication of rays actually takes place. Above and beyond these, a third 
case, of what, for the present at least, must be called spontaneous radiation, 
may be distinguished ; to which has to be referred the luminosity of the sun 
for instance, and of the fixed stars. In these latter instances, no adequate 
cause can be, or has hitherto been, assigned for the light emitted, except (if 
Wwe suppose the radiascent state to indicate molecular vibrations) a certain 
velocity impressed on the molecules from all beginning and certain inter- 
molecular relations, corresponding in some degrce to the tangential tendency 
and gtavitating force which rule the motions of the heavenly bodies*. 

. 2. The causes of production of light, as of rays generally, may be con- 
sidered as threefold, viz.—1, morphological and chemical; 2, electrical; and 
3, mechanical, The cases of reproduction, on the other hand, appear separable 
into two classes, according as the matter whose radiascence is considered is in 
immediate contact with the primarily radiating source, or not. The first kind 
of reproduction—to make our meaning clear—is exemplified principally m 
the phenomena of ignition exhibited by foreign matter, such as precipitated 
carbon-particles or certain vapours, mixed with comburescent gases or flames ; 
or by such instances as the incandescence of platinum wire in the commo 
gas-flame, or of lime in the oxyhydrogen flame. The second kind of repro- 
duction, on the other hand, comprises all such appearances of light as are 
caused by the incidence of radiations emanating from distant sources, as, for 
instance, the sun, and presents to our consideration two different orders of 
phenomena, which require to be kept apart. The necessity,of this distinction 
is, first of all, suggested by the fact that the rays reproduced by the secondary — 
radiator are sometimes identical with, but at others different from, those 
emitted by the primary radiator as to the characteristic of wave-length or 
refrangibility ; but there are cases which, without implying any such change, 
belong yet to the same class as those which do. As the operative cause of 
this distinction, the best authorities seem to be agreed in considering the 
compound nature of matter; the one kind of reproduction, ordinarily termed 
diffusion, being ascribed to the agency of ether, whilst the other kind, which 
is gonerally if not always accompanied by transmutation (in the sense of the 
word explained in the preceding part), and for which the term renovation 
might perhaps be suitably adopted, is assumed to arise from the intervention 
of the ponderable molecules of matter f. 

3. The mode of reproduction which has been noticed in the first place, and 
which occurs on the contact of radiascent substances of different natures, mY 


* Tho above simile was employed already by Sir H. Davy, in his {Essay on Heat, Light. 
and | the Combination of Light’ (see Works, vol. ii. p. 15), though not quite consistently sp- 


P t Cf. (Prof. Stokes) Phil. Trans. 1852, p. 548; also (Dr. Young) Phil.’ Trans. 18°, | 
p. 47, M. Angstrom (see Phil. Mag. xxiv. 2. 1862) seems to entertain a different opinicn. | 
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with great probability be considered as coming under the head of renovation. 
The most remarkable instances of this kind are those in which light is en- 
gendered by the contact of two non-luminous substances, generally of different 
temperatures. The earliest well-substantiated instance of this description 
seems to be afforded by Boyle’s experiments on the celebrated Clayton diamond, 
which became luminous in a dark room by contact with an iron plate heated 
to a temperature below redness, or with warm parts of the human body*. 
A similar though perhaps not quite the same phenomenon was noticed by 
Canton, whose artificial phosphorus, after exposure to light and subsidence 
into apparent darkness, had its light restored by the application of heated 
non-luminous mattert. In the case of Canton’s phosphorus, the necessity of 
& previous exposure to light in order to produce the phenomenon just described 
zcems to be rigorously established, but with regard to diamonds it is perhaps 
still doubtfult. It is equally undecided whether some kind of morphological 
change, or combustion, or nothing of the kind, causes or accompanies this 
evolution of light upon the contact of dark unequably heated bodies. The 
observations of Sir D. Brewster on the loss of colour which green fluor-spar 
exhibits after calcination, simultaneously with the loss of ability to shine by 
subsequent exposure to light or to high temperatures§, at first sight would 
indicate that colouring-matter or its combustion are the cause of the lumi- 
nosity observed before calcination, which ceases of course after the expulsion 
of the colouring-matter, which takes place at the higher temperatures. But 
the observations of Dessaignes || on the revival of the phosphorescent power 
through electrical shocks, which, according to Pearsall, is attended by a resto- 
ration of colour, do not seem to countenance such an opinion, but rather to 
point to molecular disarrangement as the cause both of the phosphorescence 
and its destruction. 

Other though less clear examples of ray-renovation on the contact of two 
radiators of different descriptions have been alluded to in that part of the 
preceding paragraph which refers to the phenomena of flame. These appear 
to show that matter, whether in the solid or gaseous state, introduced into 
gaseous comburescent substances, may change the rays emitted by the same, 
as it were in statu nascent; or take upon itself, seemingly, the function of 
principal radiator. One of these phenomena has suggested the speculations 
contained in the present paper, and serves as foundation for one of the three 
experiments proposed in the preceding part ; a full consideration of the whole 
subject, however, is reserved for a future occasion**. 

4. The renovation and transmutation of rays incident from distant radi- 

* Appendix to ‘Considerations, &o., touching Colours,’ London, 1764, p.416. The phos 

of diamonds, consequent on insolation, was first noticed by Dr. Wall (see Phil. 
Trans. 1704-5, p. 69). 


; Of Prietley's 'H a en of Light, &c.,’ p. 373; and (M. O. Fiebig) Pogg. Ann 
i s ‘Hi , &., i , p. ; an . O. Fiebig) Pogg. ‘ 
vol. exiv . 292 (1861). P 


§ Edinb. Phil. Journ. vol. i. p. 286 (1819). 

@ Journ. de Phys. vol. lexi. p. 67 (1810); aleo did. vol. lxviii. p. 465 (1809). 

© Journ. Roy. vol. i. p. 277 (1831). It should be observed that the colour given 
to fluor-spar by electricity is not generally the same as possessed by the mineral before 


** A remarkable example of a phenomenon in many respects similar to those of flames, 
adverted to in the text, is exhibited in the ingenious experiment performed by Mr. Wedg- 
wood (see Phil. Trans. 1792, p. 271), in which, by a hot stream of non-luminous air, 8 piece 
of gold-foil was rendered incandescent. In the same paper, Wedgwood advances also the 
question, remarkable for its time, ‘‘ Whether a body can be made red-hot by concentrated 
rays of other colours.” It should be recalled, however, that Wedgwood's views on the 
natare of, and relation between, light and heat are not those now prevailing. 


102 | nEPORT—1868. 


ating bodies, by the agenoy of certain kinds of matter, has been principally 
brought into notice through Prof. Stokes's discovery of fluorescence. Itis trne 
that already Benjamin Wilson contended, against Beccaria®, that the light of 
phosphorescent substances is generally independent as to colour, of the colour 
of the incident light. It is true also that Wilson sagaciously remarked that 
the emission of the light of phosphorescence must take place during as well 
as after action on the part of the active incident light, though it may ordi- 
narily be hidden from observation by the greater intensity of the non-reno- 
vated, non-tranamuted, diffused lightt; both which facts, that referring to 
colour as well aa that referring to time, were clearly proved by the later ex- 
periments of Grosser on diamonds{. It is true, finally, that Seebeck had 
noticed phosphorescence produced by rays near the violet border of the spec- 
trum, of doubtful visibility, and hence pertaining, perhaps, to the Ritteric 
compartment§; that M. Matteucci and M. E. Becquerel, later, actually ob- 
served phosphorescence to occur in regions of the spectrum undoubtedly 
forming part of the Ritteric compartment||; as also, lastly, that M. E. Bec- 
querel, in one or two instances, noticed the occurrence of such phosphorescence 
during the timeof incidence of the active Ritteric rays]. Still, phospho- 
rescence, before the time whence Prof. Stokes’s experiments date, was princi- 
pally considered as a phenomenon interesting in so far as showing an emission 
of light, without reference to colour, consequent upon and after exposure of the 
given substance to incident light. It was Prof. Stokes’s discovery, arrived at 
from quite a different and apparently unpromising starting-point, which first 
drew general attention to the change of refrangibility which Newtontc as well 
as Ritterto rays may undergo whilst incident on properly selected matter**. 
This, in the end, taught us to consider phosphorescence as only a species of the 
phenomena just described, distinguished for the protraction of the state of 
emission by renovation beyond the duration of incidencetf. But this quality, 
to which at first had attached the principal interest, now may be considered 
as of secondary importance. 

The most general law relating to fluorescence, including phosphorescence, 
has been already adverted to in the preceding part, and is generally expressed 


* (Beooaria) Phil, Trana, 1771, p. 212. ns aon) Journ. de Phys. vol. xv. p, 93 (1780). 
The game fact which Wilson maintains, been experimentally establi in 1728 by 
Algarott, acting upon the suggestion of F. Zanotti (see Comment. Bonon. vol. i. p. 208). 
(Wilson) /. o. p. 95. The original work of Wilson on phosphorescence, of which two 
te consult. 


Ibid. Comptes Rendus, vol. xiv. p. O08 being the translation, by Arago, of a passage 
fm ibe Appendix ot vol. 2 on 1842 ere 860; alao 
i i niv. ° o Pp. e e i i e Re } Ta ball 
lone Geen Memoirs, vol. iii. p. 552 (1843 . » ( P y 
| Ann. de Chim. et de Phys. vol. ix. p. 320 (1843). 
#* The fact, likewise, that liquids, like solids, may act aa ray-renovatore, was first of all 


rays upon the state of waminoaity of Phospharescent bodies. Another observation, by Can- 
1), haa shown the influence which temperature, and hence 


8 hye. vol. lv. p. 108, 1859), extends 
also to the celour of the light emitted. All these fhots tend to prove that the raya emitted 
by renovation are owing to a kind of interference between the incident and spontaneous ; 
but it would not be difficult to test this view by some more direct experiments. 
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equal refrangibility to that of the incident*. If this law, of 
a different interpretation was proposed in Part I. Art. 6, held 
spect to ray-renovation upon the whole, it is evident that, of the transmutations. 
enumerated in Art. 2 of the previous part, only the first six would be feasible, 
whilst the remainder would be impossible by the nature of things. Several 
experiments have been adduced in the preceding part, both to show the pro- 
bability that phenomena the converse of fluorescence may oocar, and to provide 
for their realisation in a way analogous to the ordinary form of fluorescent 
sppearances. The remainder of this paper is devoted to the detailed consi- 
deration of some of the circumstances relating to that of the proposed ex~ 
perments which were designated before as the most hopeful. 

5, According to Prof. Draper’s experimentst, the incandescent state of 
metals, and the order of Newtonio rays which they emit, are strictly determined 
by their temperature, and independent of their nature. Other substances, 
however, such as chalk, marble, and fluor-spar, become luminous at different 
temperatores from the metals, which is also the case with gases. Now with 
respect to metals, if, as stated, their incandescent state is conditional upon a 
certain temperature alone, it is evident that, in whatsoever manner this tem- 
perature be imparted, the result will always be the same, viz. an emission 
of Newtonic rays. One means for the production of high temperatures is to 
be found in the concentrated rays of the sun, which produce an effect com- 
pounded of the aggregate effects of the different species of rays coexistent in 
each solar beam. The heating effect of any given kind of rays depends— 
1, on their amplitude; 2, on the absorptive power of the substance on which 
they are incident for the particular kind of rays. The calorific power of the 
solar rays a8 evolved by a non-absorbent priem and absorbed by lampblack, 
which has been found to absorb (Newtonic and Herschellio rays at least) moro 
equably and completely than any other known substance, has been investigated 
in a masterly manner by Mellonit, and more recently again by Prof. Miiller, 
of Fribourg §. Both these philosophers agree in assigning the greatest calorific 
action to the rays situated in the Herschellio part of the spectrum, at some 
distanes from the red border of the Newtonic; and though the greater 
crowding which dispersion causes in this part of the spectrom may partially 
account for this result, it is not liable to any doubt that, independently of 
that circumstance, the Herschellic bands of the spectrum separately, and still 
more in the aggregate, possess considerable heating power in comparison with 
the remainder of the spectrum. Again, the reflective power of the metals for 
Herschellic rays, though great, is not absolute; and, considering that the 
supply of Herschellio rays from the sun is almost unlimited, it cannot be 
doubtful that if the rays of the sun were concentrated by means of a very 
large mirror, but only their Herschellic components allowed to be incident 
on & piece of platinum-foil, for instance, placed in the focus, the platinum 
would be rendered incandescent, in the same way as a cone of unsifted solar 
beams reflected by a smaller mirror would make it, 

At the same time, if, instead of excluding all the Newtonio and Ritteric 
rays from the focus, some of the less refrangible among the Newtonic were 

ed to accompany the Herachellic rays which meet there, there is every 
reason to believe that, by a suitable adjustment, incandescence might be pro- 
_* ME. Beoquerel (see Ann. de Chim. et de Phys, vol. vii. p. 85, 1859) mentions an excep. 
Son to this lew, w: however, as M. Beoquerel also considers, ia only an a t one. 
t Phil. Mag. vol. xxx. p. 347 (1847). Bibl. Univ. vol. xlix, p. é 1 (1844). 
§ Pogg. Ann. vol. ov. p. 350 (1858) ; also Phil. Mag. vol. xvii. p. 233 (1859). 
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duced, characterized by rays of greater refrangibility than the most refrangib! 
among the incident Newtonic; so that, by this means, the converse of wh: 
may be called the second phenomenon of fluorescence—the transmutation « 
Newtonic rays into other but leas refrangible Newtonic rays—might be effecter 
6. Supposing that, by means of the experiment proposed, the transmutatio 
of Herschellic into Newtonic rays, and of Newtonic into more refrangib! 
Newtonic rays, had been successfully performed, there would still remai 
some difficulties, which, in the opinion of some perhaps, would mar the paral 
lelism between the class of phenomena thus realized and those of ordinar 
fluorescence. As the most important of these differences the following ma 
be mentioned :—According to Prof. Draper*, incandescent metals emit ray 
forming an unbroken spectrum, which, with the increase of temperature, ex 
tends more and more through the Newtonic in the direction of the Ritten 
compartment, whilst retaining all the rays previously emitted. But in fluo 
rescence or phosphorescence, on the contrary, the spectrum of the rays emitte 
is very often broken in a manner perfectly characteristic of the substance b 
which they are emittedt. Again, in fluorescence, all the transmuted ray: 
appear of leas refrangibility than the active incident; but im incandescence 
supposing it was produced by rays of a certain mean refrangibility, mos( 
probably both more and less refrangible rays than the incident would be 
found amongst those of the transmuted beam. The fact also that fluorescence 
may be excited by rays of comparatively small intensity, whilst the produc- 
tion of incandescence, in any case, requires rays of unusually great intensity, 
may appear as an objection ; but, in regard to this, (besides the doubtful com- 
parability of rays of different quality) it should be considered that the intensity 
of the active rays required to produce either phenomenon necessarily varies 
from substance to substance, according to the absorptive powers of each. 
Some further discrepancies of a similar nature to the last may yet be in- 
stanced. The production of incandescence by irradiation may possibly require 
time, or, 80 to speak, a repetition of the irradiation; its duration may be 
protracted beyond the time of incidence, and its extent not strictly confined 
to that of the actually irradiated spot. But fluorescence is instantaneous in 
its appearance and disappearance, as well as definite and limited in regard 
to extent. As, however, phosphorescence, which outlasts irradiation, secms 
now to be allowed as a variety of fluorescence, and the other two differ- 
ences, besides being of doubtful occurrence, also refer to questions of degres 
rather than of kind, perhaps not too much weight need be attached to them. 
7. But, whether incandescence produced by irradiation + and fluorescence be 
parallel phenomena or not, the production of the former, either by means of 
Herschellic rays only, or by Herschellic and slightly refrangible Newtonic rays 
(to be exceeded in refrangibility by the transmuted), in a manner analogous to 
ordinary fluorescent experiments, as described in this paper, cannot but do- 
serve a practical trial. The requirements for such an attempt, in the way of 
apparatus, consist principally of a large concave mirror, best of all of metal ; 
‘ Gf. (Prof Blokes) PE ‘Tron 1852 Becquerel Chim. et d 
: . ul. .517; (ML. E. . im. et de 
Ph vol Wi tab. 2 11858). nah noe OL ) Ann. de sat th 
e incandescence is pro employed as, in respects at © 
Gesiguate th of orescence, Both in “te wider and in te more Umited meaning, ‘To 
es} @ phenomenon which 1s the princi j presen r the coun- 
rt of fluchescence as defined in Art 6, ar Sa et has bob eeae . to the 
author—from calcium, the name of the characteristic chemical element of the substance 
whoee action on the oxyhydrogen flame has first of all given rise to the speculations con: 
tained in this paper. 
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a ecostrivance for viewing the incandescence produced in exterior darkness ; 
iad several abeorbents, partly for the sifting of the incident beams, and partly 
fer the intercomparison of the transmuted rays with the incident. 


Report of the Committee on Fog Signals. By the Rev. Dr. Rosrnson. 


Tas Committee, consisting of Dr. Robinson, Professor Wheatstone, Dr. Glad- 
stone, and Professor Hennessy, was appointed at Manchester “‘ to confer as to 
expermments on fog-signals, and to act as a deputation to the Board of Trade 
m order to impress on that body the importance of inquiries on the subject.” 

The matter was discussed by them at several meetings of the Committee, 
doth in reference to what is practically known of it, and to methods which, 
though yet untried, seem to promise better results than any now in use. After 
watare dehberation, in which they have to acknowledge the valuable aid of 
Admirals Fitz Roy and Washington, it was considered most advisable to embody 
in a Memorial to the President of the Board of Trade the facts which we had 
collected, to point out how defective is our knowledge of many things con- 
nected with the efficiency of these signals, and to indicate the nature of the 
experments which are necessary to complete that knowledge. 

In aecordance with this decision, I drew up the following Memorial, which, 
being approved of by the other Members of the Committee, was forwarded to 
the Right Honourable T. Milner Gibson, M.P., on June 18, 1863. 

Memorial. 

“Sm,—In consequence of an application from the Belfast Chamber of 
Commerce and several of the leading merchants of that important city, re- 
questing the British Association to cause experiments to be made with a view 
to determine what kind of signals are best for indicating to sailors in foggy 
weather the vicinity and position of a danger, that body, after careful delibe- 
ration, came to the conclusion that, from the momentous bearings of such an 
ingairy on the preservation of property and still more of life, it ought to be 
regarded as of national importance, and as such was a fit subject for investi- 
gation by the Government. 

“It therefore appoimted a Committee, consisting of 

Rev. T. BR. Robinson, D.D., F.B.8., Chairman, 

Charles Wheatstone, F.R.S., 

J. H. Gladstone, Ph.D., F.B.S., 

H. Hennessy, F.B.S., 
and directed them to bring the matter under your consideration,—to point out 
the defects of the existing fog-signals, and to express a hope that under 
Jour auspices some methods may be devised which will, if not entirely 
remose, yet greatly diminish the chance of such fearful calamities as that 
which within the last few days has spread sorrow through the land*. 

“ Nearly all that is known about fog-signals is to be found in the Report 
on Lights and Beacons; and of it much is little better than conjecture; its 
substance is as follows :— 

“light is scarcely available for this purpose. Blue lights are used in 
the Hooghly; but it is not stated at what distance they are visible in fog: 
their glare may be seen further than their flame. It might, however, be 
desirable to ascertain how far the electric light or its flash can be traced. 

“Sound is the only known means really effective; but about it testimonies 


© The loss of the ‘ Anglo Saxon,’ with most of her crew and passengers, in a fog. 
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are conflicting, and there is scarcely one fact relating to its use as a signa 
which can be considered as established. Even the most important of all, thi 
distance at which it ceases to be heard, is undecided. But it is the mon 
necessary on this account to lose no time in obtaining results which shal 
come with such authority that they may command respect and acquiescence 

‘“‘ Up to the present time all signal-sounds have been made in air, thoug! 
this medium has grave disadvantages: its own currents interfere with thi 
sound-waves, so that a gun or bell which is heard several miles down th 
wind is inaudible at more than a few furlongs up it. A still greater evil i 
that it is least effective when most needed ; for fog is a powerful damper o 
sound: it is a mixture of air and globules of water, and at each of the innu: 
merable surfaces where these two touch, a portion of the vibration is reflecte: 
and lost. This has a familiar illustration in a glass of champagne, whicl 
when struck will only give a dull sound while effervescing, but rings clearly 
when the gas has escaped. Snow produces a similar effect, and one stil 
more injurious. 

‘¢ Water transmits sound with great power, and seems to possess in som 
other respects a decided superiority over air, but has been so little studied 
in this point of view that we can neither pronounce on the best mode o! 
applying its powers or the practical difficulties which we may have ta 
encounter. 

‘«‘ The signal which (judging from the Report referred to) is most approved 
by sailors is a gun stationed at or near the danger, and fired at intervals, 
mostly of half an hour; in the case of the Holyhead mail-steamers, of fifteen 
minutes, when they are expected. The gun must be heavy, and the cost o! 
ammunition is about £200 a year. The Holyhead gun is said to be ‘ heard 
in all weathers at Skerries, nine miles off ;’ but this distance is greater thar 
any other which appears in the evidence. It must be remarked that half- 
hour intervals are much too long for rapid steamers, which in that time might 
run seven or eight miles—a space through which the gun could not be heard 
in thick fog. Against gun-signals there are algo the objections that they de- 
pend on the punctuality of the signal-men, and that they are often fired by 
ships in distress. 

‘‘ Bells and gongs are also extensively used; but we have no exact infor- 
mation as to the proper size, the force of blow required, or the distance al 
which they can be relied on. In many cases they have been abandoned for 
guns. The most effective one described is at the Copeland Light, in Belfast! 
Lough, which is tolled by machinery, and is stated to have been heard al 
thirteen miles’ distance. But it must be noted that this very spot ts notorious 
for wrecks in foggy weather ; so that even this powerful bell is of little avail. 
The gong of the Warner has been heard at the Nab, three miles off; but 
several instances are given where bells or gongs could not be heard at 4 
quarter of a mile. The gong is said to be heard beat down the wind, the 
bell wp it, An ingenious contrivance to intensify the sound of a bell, and a! 
the same time to send it in a given direction, has been tried at Boulogne : the 
bell is put in the focus of a parabolic reflector made of mason-work, which 
ought to concentrate the sound in the direction of its axis. It seems not tc 
have succeeded well; the sound-rays diffuse more than those of light, and 
probably the reflexion is imperfect. On the whole, the evidence leaves al 
impression on the mind that sounds excited by percussion cannot wniversally 
be trusted for half a mile. Drums seem not to have been tried. 

«The third class of signals is made by wind instruments, including in thal 
category those blown by team. Those seem the most promising, but thet: 
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| eficiency can only be imperfectly estimated in the absence of authentic data. 
The steam-whistle is the best-known of them, and is stated to act well. It 
is said that one used in the Bay of Fundy had been heard eight miles against 
the wind (the velocity of which, however, is not given). One witness thinks 
that in rough weather it is heard farther than a gun. It ia possible that 
some loss of sound may take place with it where the steam oomes into con- 
tact with the air. 

“An air-whiatle, by Wells, is reported as ‘ very feeble at 2,5, miles ;’ it was 
blown by bellows. Horns and trumpete are preferred by some: blown by 
men, they are said to be heard in Nova Scotia from two to three miles, and 
probably with steam or condensed air will be much further. The instru- 
ments of Holmes* (so well known by his electric light) and of Daboll are said 
to have great power. 

“This summary shows how little is known of the facta on which the 
diiciency of fog-signals depends, even of that which is the most important 
—the distance at which they can surely be heard under those circumstances 
where they are most necessary, 

“A. At the outset, it is obvious that, to make experiments comparable, we 
must have some measure of the fog’s power of stopping sound, without 
attending to which the most anomalous results may be expected. It seems 
probable that this will bear some simple relation to its opacity to light, and 
that the distance at which a given object, as 4 flag or pole, disappears may be 
taken as the measure. It is casily ascertained, and should be noted both at 
the signal-station and the observing one; the fog may have many fluctua- 
bons of density between them; so that this will only be an approximate 
estate, but one which will aid in insuring that the signals shall have euf- 
cient power to pass the minimum of efficiency. That minimum is when 4 
alip, putting down her helm on hearing the signal, can just come round clear 
of the donger. For very large steamers this cannot be done in less than 
two miles; and, allowing for sea and currents, that limit should at least be 
doubled ; so that it may be assumed as a law, that (except in harbour) all fog- 
nal should be distinctly audible for at least four miles under ovary circum 


“B. The range of sound depends on causes not thoroughly understood, and 
sometimes is very different from what might be expected. Some sounds which 
beer at hand are very loud, as the explosions of fulminating compounds, reach 
bute very little way. Others fail from want of intensity, though the quantity 
of sound ig enormous: thus thunder, however violent, is not heard at twenty 
miles’ distance, while heavy ordnance is said to have reached two hundred. 
Experiment ean alone decide. It should therefore be ascertained by trial, 
first, what source of sound (of course among those already mentioned as suitable 
to this particular object) has the greatest space-penetrating power in still and 
cer sir, Secondly, besides the natural decay of sound due to distance alone, 
it s, in the case which interests us, stifled by other sounds near the listener, 
The movements of the crew, the noise of the engines, the rush of the vessel 
t the sea, the murmur of winds and waves are ologe at hand to prevent 
it from being noticed (thongh still of sufficient power to be heard), unless it 
have some peculiar character which prevents it from blending with them. 


* Holmes’s tram: hes a strong reed, and is blown by steam of about 20 lbs. pressure. 
Hie thinks low pitch is heard the furthest, and com ihe sounds still better.” One at 
Dungences has Poon heard in fog at five miles, when 2 bell of 8 owt. was inaudible at little 
more than toro. One larger, and an oetave lower, was heard certainly af nine and a half 
milen, These sequize lees steam than the whistle. 
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Such character must be in its pitch and in its peculiar quality of tone (ti 
bre), both of which should differ as much as possible from those which « 
tend with it. The effect of interrupted sounds should also be tested. 

‘“‘ This is the most important portion of the inquiry. 

<¢(. All this is of still more moment when the air is made a discontinu 
medium by the presence of fog, rain, or snow; and it is probable that | 
origin and quality of the sound may in such cases exert a still greater : 
fluence than in clear weather. The remarkable power of fog to deaden | 
report of guns has often been noticed, but it should be carefully studied 
each of the three classes of signals which have been mentioned. It is a 
possible that the signals which are best in clear weather may not be so un 
these conditions. 

‘‘D. Experiments are required on the degree of accuracy with which { 
direction of a sound can be ascertained; and whether such estimation can 
assisted by a hearing-trumpet, a tense membrane, or other acoustic aids. 

‘‘E. It is of even greater importance to try the transmission of sou 
through water, which seems to offer peculiar advantages, if we may judge fr: 
the few experiments which have been made by Colladon and others, some 
the details of which are given in a report furnished by one of us to the Bi 
tish Association (a copy of which is transmitted with this). It may bee 
pected that greater distances will be commanded, that there will be fewer di 
turbing causes, and that the direction will be more easily determined. Su 
conclusions, at least, follow from two facts observed by Colladon. A sm: 
bell struck by a hammer under water was heard easily across the Lake of G 
neva, at nine miles’ distance ; and its sound diverged much less behind a scret 
than it would have done in air. These subaqueous sounds, however, do 2 
easily pass out from water into air, being reflected at the surface of junctior 
and they must be listened to with a kind of hearing-tube dipped in the wate 
This presents little difficulty, and (at least in iron ships) the hull of the vess 
may perhaps itself serve as the sound-catcher. A bell, however, is not tl 
only nor even the best means of making these sounds. Small cartridges: 
powder fired under water at regular intervals would correspond to guns, at 
would undoubtedly be heard at very great distances. The Siren is still mo! 
promising: it isa box whose lid is made to revolve by the passage of a strea! 
of some fluid through a number of oblique apertures, which are thus altel 
nately opened and closed. This instrument gives under water a music 
tone of extraordinary fulness and power, which could not be easily mistake 
for any other sound. And, lastly, one of us (Professor Wheatstone) has foun 
that tubes fitted with the embouchures of organ-pipes, and made to sped 
under water by a current of that fluid, produce a sound of exceeding inten 
sity. The success of any of these subaqueous signals depends on the pow' 
of distinguishing them from sounds due to the vessel itself. In particula: 
the paddles or screw, and the impact of waves on the bow, must be powerft 
generators of submarine sounds; but it is highly probable that the charac 
of the signal-sounds will be entirely different from them. 

‘* Tf, as we hope, you feel sufficient interest in the matters above mentione 
to direct such an investigation of them as may lead to practical results, ¥ 
would further take the liberty of suggesting what seems to us likely to b 
the most effective and economical way of carrying it out, at the same fm 
offering whatever farther information we may be able to afford. . 

“ The experiments might centre in the flag-ship at Spithead. One of it 
officers might probably be found who would take an interest in the research 
or a supernumerary might be appointed for this special object. He shoul 
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be charged with the general control, and in particular with making the sig- 
nals, These should be observed from various points, at Portsmouth and on 
the Isle of Wight, so disposed as to give a series of distances from two to ten 
niles, if poessible—and so distributed that some may always have the signal 
up, others down the wind, which is an essential condition. 

“ Portland seems also to be very suitable, or perhaps Weymouth. 

“ Coast-guards' or other local officials can probably be found at any of 
theese stations to observe the signals; but, in any case, it is necessary that 
the persons engaged should be habitually on the spot, so as to profit by the 
ecarrence of a fog without any delay. 

“The process would be of this sort :— 

“When the fog seems to the directing officer sufficiently thick, he sends 
word to the different observers of the time and nature of the intended sig- 
nals; he and they then measure the fog by the means already suggested, or 
sume equivalent. 

“ The signals, if fully carried out, should be— 

“1. Guns. 

“2. Bells, gongs, drums. 

“3. Steam-whistle, blown by steam from a small boiler, and by air con- 
deased to the same pressure (unless it be found that both sounds are equally 
sadible). The pressures should be recorded. 

“4. Two organ-pipes, one whose pitch can be varied at pleasure, the other 
with a reed, connected so that they can be blown together or separately. 

“5. Holmes’s trumpet, Daboll’s, or any other which appears to deserve a 
trial. 

“6. A Siren of 8 inches diameter, supplied with water by a hand-pump 
under a head of about 30 feet (which head must be recorded): by increasing | 
the pressure, the pitch rises. 

«7. An organ-pipe of variable length, to be sounded under water as the 
Siren 


“ The chief points to be attended to in these signals are— 

“1. The relative efficiency of guns of various calibre, and with varied 
charges of powder. 

+2. Weights of bells, and force of blows, measuréd by the weight and fall 
of the hammers. 

«+3. In the wind instruments, the effect of varying the pressure. It is 
probable that each will have some appropriate force of blast which will give 
& maximum result. 

‘4. The two pipes are first to be sounded separately on the same note, to 
sscertain if the reed have any advantages. Then the variable one is to be 
gradually sharpened through a considerable range, to find what pitch is best 
for distance ; and lastly, both sounding in unison, one is to be sharpened, so 

as to examine the influence of concords and discords through a large portion 
of the scale. They should be sounded not only continuously, but also with 
short interruptions. ’ 

“5. The Siren should be tried in a metallic cylinder, to learn if this will 
intercept its sound. If so, by making apertures in the cylinder and causing 
i to revolve, it may be as possible to identify such signals as revolving lights. 

“ Each observer, when he hears these signals, should note the time and his 
impression as to their distinctness. He should also try how near he can 
estimate their direction. For this purpose (unless he can thoroughly depend 
on his freedom from bias) he should be blindfolded and turned about to lose 
his bearings. He should also try, as above suggested, the aid of acoustic 
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tubes. A common speaking-trumpet will in the first instance be the most 
convenient. The direction and velocity of the wind should be recorded. 

«“‘ The returns from each station should be sent, without delay or comparison, 
to the directing officer. . 

‘‘ When a series of these experiments shall have given the comparative 
values of the above-mentioned signals, and their ranges as found by observers 
at rest, the work would be incomplete unless if were extended to the con- 
ditions which must occur in practice; and it should be tried, the observer 
being in a steam-ship under way, both in calm and rough weather. The pre- 
liminary trials will have sifted out much uncertainty, and only those cases 
which give good promise need be examined ; so that, with a moderate expen- 
diture of money and labour, we should possess a complete collection of the 
facts on which this element of nautical safety must be founded. 

‘‘The money value of any one of the hundreds of ships which perish 
yearly through the inefficiency of the present fog-signals would far more 
than pay the cost of the experiments proposed; buat who will price the gal- 


lant men who perish with them ? 
‘‘T have the honour to be, 
‘Your obedient Servant, 
Armagh Observatory, “T. R. Roumeon, Chatrman.” 
May 22, 1863.” 


On the 6th of July, the Secretary of the Marine Department acknowledged 
the receipt of this letter, and informed me that “ Their Lordships are i1 
communication with the Trinity House of London on this subject, with the 
view of having experiments made.” 

On August 6th I wrote to Mr. Farrer, inquiring if any farther steps hed — 
been taken ; and on the 14th received an answer, enclosing a letter from the 
Secretary of the Trinity House, and Dr. Faraday’s report referred to in it 
Its substance is, “‘ That though the Elder Brethren entertain the opinions 9 
ably enunciated in Professor Faraday’s letter, they are earnestly desirous of © 
obtaining an elucidation of the important and comprehensive questions in- 
volved in the proposed inquiry, and will be ready to cooperate in any measures — 
whic’ their Lordships may desire to adopt for the attainment of that result.” 

I fear this implies that the Trinity House will make no great exertion for 
such “ attainment”—the “ opinions enunciated by Professor Faraday” being, — 
in fact, that no attempt should be made by that Corporation to carry out the 
researches which we recommended to the Board of Trade. These opimions 
Dr. Faraday seems to have formed, not from any doubt of the importance of 
the subject, to which he bears the fullest testimony, nor from any conviction 
that the proposed experiments are useless or impracticable—for he does net 
discuss them at all,—but from a dread of the difficulty, the magnitade, snd 
the expense of the investigation. These we believe he exaggerates ; bat even 
taking them at his estimate, we think they will not be accepted by the publit 
as a satisfactory excuse for the inertia of this powerful body in a matter which 
touches so deeply, not merely the commercial interests of the nation, bat eve? 
the common instincts of humanity. 

I have not replied to the Secretary of the Board of Trade, ag, before! 
could learn the opinions of my colleagues (to whom I at once forwarded the _ 
papers) our commission would have expired by the meeting of the Association. | 
If it be its pleasure to reappoint us with instructions to persevere in seeking 
a more favourable result, I can answer for myself and the rest of the Com- 
mittee that our best efforts shall be directed to fulfil our trust. 
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Report of the Committee inted by the British Association 
on Standards of Electrical Resistance. 


The Committee consists of—Profeasor Wheatstone, Professor Williamson, 
Wr. C. F. Varley, Professor Thomson, Mr. Balfour Stewart, Mr. C. W. 
Semens, Dr. A. Matthiessen, Professor Maxwell, Professor Miller, Dr. 
Joule, Mr. Fleeming Jenkin, Dr. Esselbach, Sir C. Bright. 


Tus Committee on Eleotrical Measurements, appointed in 1862, have not 
enfined their attention to determining the best unit of electrical resistance, 
the point to which the duties of the Committee of 1861 were nominally re- 
stricted, but have viewed this comparatively limited question as one part only 
@ the mach larger subject of general electrical measurement. The Committee, 
efter mature consideration, are of opinion that the system of so-called abso- 
inte electrical units, based on purely mechanical measurements, is not only 
the best system yet proposed, but is the only one consistent with our present 
knowledge both of the relations existing between the various electrical phe- 
wnens and of the connexion between these and the fundamental measure- 
meats of time, space, and mass. The only hesitation felt by the Committee 
wei caused by doubts as to the degree of accuracy with which this admirable 
sytem could be or had been reduced to practice. 

The measurement of voltaic currents, electromotive force, and quantity 
would offer little difficulty, provided only electrical resistance could be mea- 
rared in absolute units, and for this purpose it would be sufficient that the 
reastance of a single standard conductor should be so determined, since copies 
of this standard could be multiplied at will with any desired precision, and 
from comparison with these copies the absolute resistance of any circuit what- 
ever could be obtained by methods requiring comparatively little skill and 
wel] known to all electricians. The practical adoption of the absolute system 
was felt therefore to depend on the accuracy with which tho absolute resist- 
ance of some one standard conductor could be measured; and while doubts 
exuted on this point, it wae thought premature to make any extended expe- 
nueats on the application of the absolute system to voltaic currents, electro- 
motive foree, or quantity. The Committee are happy to report that these 
doubts have been dispelled by the success of the experiments, made for the 
Committee by Professor J. Clerk Maxwell, Mr. Balfour Stewart, and Mr. 
Fieeming Jenkin, according to the method devised by Professor W. Thomson. 
These experiments have been actively prosecuted at King’s College for the 
Lat fire months with continually increasing success, as, one by one, successive 
mechanical and electrical improvements have been introduced, and the various 
sources of exror discovered and eliminated. 

The Sub-Committee are confident that considerably greater accuracy can 
yet be obtained by the further removal of slight defects, the importance of 
which caly beeame apparent when the main difficulties had been overcome. 
ls order, therefore, to secure the best attainable result, and still farther to 
lest the aeouracy and concordance of the experiments before taking any irre- 
Toable step, the Committee have decided not to issue standard coils at the 
present Meeting; but the results already obtained leave no room for doubt 
that the absolute system may be adopted, and that the final standard of re- 
axtance may be constructed without any serious delay. Over-haste might 
eventually entail corrections as inconvenient as those which would follow an 
sturary and unscientific choice of units, and the very experiments made by 
the ittee prove that the hesitation of many to adopt the absolute 
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units as hitherto determined was well founded. It is certein that resistance- 
coils purporting to have been constructed from previous absolute determina- 
tions do not agree one with another within 7, 8, or even 12 per cent. 

Before further alluding to the results obtained by the Sub-Committee, it is 
desirable that the experiments themselves should be understood, and to this 
end the Committee have thought fit that a full explanation of the meaning of 
' absolute measurement, and of the principles by which absolute electrical units 
are determined, should form part of the present Report, especially as the only 
information on the subject now extant is scattered in detached papers by 
Weber, Thomson, Helmholtz, and others, requiring considerable labour to 
collect and understand. In order to make this account as clear as posaible, it 
has been thought best to disregard entirely the chronological order of the 
discoveries and writings on which the absolute system is founded, and this 
has rendered it very difficult to refer to the original source of each statement 
or conclusion. In the Appendix (C.) this want is, it is hoped, remedied. 


The word “ absolute” in the present sense is used as opposed to the word — 


‘‘relative,” and by no means implies that the measurement is accurately — 
made, or that the unit employed is of perfect construction ; in other words, it — 
does not mean that the measurements or units are absolutely correct, but only — 


that the measurement, instead of being a simple comparison with an arbitrary 
quantity of the same kind as that measured, is made by reference to certain 


fundamental units of another kind treated as postulates. An example will 


make this clearer. When the power exerted by an engine is expressed 4s 
equal to the power of so many horses, the measurement is not what is called 
absolute; it is simply the comparison of one power with another arbitrarily 


selected, without reference to units of space, mass, or time, although these | 
ideas are necessarily involved in any idea of work. Nor would this measure- — 
ment be at all more absolute if some particular horse could be found who was - 


always in exactly the same condition and could do exactly the same quantity 
of work in an hour at all times. The foot-pound, on the other hand, is one 


derived unit of work, and the power of an engine when expressed in foot- — 


pounds is measured in a kind of absolute measurement, i. e. not by reference 


to another source of power, such as a horse or a man, but by reference to the © 
units of weight and length simply—units which have been long in general © 


use, and may be treated as fundamental. In this illustration, chosen for its 
simplicity, the unit of force is assumed as fundamental, and as equal to that 
exerted by gravitation on the unit mass; but this force is itself arbitranly 
chosen, and is inconstant, depending on the latitude of the place of the 
experiment. 

In true absolute measurement the unit of force is defined as the force 
capable of producing the unit velocity in the unit of mass when it has acted 
on it for the unit of time. Hence this force acting through the unit of space 
performs the absolute unit of work. In these two definitions, time, mass, and 
space are alone involved, and the units in which these are measured, ¢. ¢. the 
second, gramme, and metre, will alone,in what follows, be considered as fands- 
mental units. Still simpler examples of absolute and non-absolute measure- 
ments may be taken from the standards of capacity. The gallon is an arli- 
trary or non-absolute unit. The cubic foot and the litre or cubic decimetre 
are absolute units. In fine, the word absolute is intended to convey the ides 
that the natural connexion between one kind of magnitude and another has been 
attended to, and that all the units form part of a coherent system. It appea’s 
probable that the name of “ derived units” would more readily convey the r- 
quired idea than the word “ absolute,” or the name of mechanical units might 
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have been adopted ; but when a word has once been generally accepted, it is 
undesirable to introduce a new word to express the same idea. The object 
a we of the absolute system of units may be expressed by saying that it 
avoids uselees coefficients in passing from one kind of measurement to 
another. Thus, in calculating the contents of a tank, if the dimensions are in 
feet, the cubic contents are given in cubic feet, without the introduction of any 
cocficent or divisor ; but to obtain the contents in gallons, the divisor 6-25 
is required. If the power of an engine is to be deduced from the pressure on 
the piston and its speed, it is given in foot-pounds or metre-kilogrammes per 
secoad by a simple multiplication ; to obtain it in horse-power, the coefficients 
33,000 or 550 must be used. No doubt all the natural relations between 
the various magnitudes to be measured may be expressed and made use of, 
however arbitrary and incoherent the units may be. Nevertheless the intro- 
duction of the numerous factors then required in every calculation is a very 
serous annoyance, and moreover, where the relations between various kinds of 
measurement are not immediately apparent, the use of the coherent or ab- 
solute systam will lead much more rapidly to a general knowledge of these 
relations than the mere publication of formulz. 

The absolute system is, however, not only the best practical system, but 
it is the only rational system. Every one will readily perceive the absurdity 
of attempting to teach geometry with a unit of capacity so defined that the 
contents of a cube should be 6} times the arithmetical cube of one side, or 
with a unit of surface of such dimensions that the surface of a rectangle 
would be equal to 0-000023 times the product of its sides; but geometry so 
taught would not be one whit more absurd than the science of electricity 
would become unless the absolute system of units were adopted. 

In determining the unit of electrical resistance and the ather electrical 
tits, we must simply follow the natural relation existing between the various 
electrical quantities, and between these and the fundamental units of time, 
mas, and space. The electrical phenomena susceptible of measurement are 
our in number—current, electromotive force, resistance, and quantity. The 
definitions of these need not now be given, but will be found in the Appen- 
dix (C. 14, 15, 16, and 17). ty te relations one to another are extremely 
simple, and may be expressed by two equations. . 

Fist, by Ohm’s law, experimentally determined, we have the equation 


E 
Ces, cece were cee cece ve (Ll) 


where C=current, E=electromotive force, and R=—resistance. From this 
formula it follows that the unit electromotive force must produce the unit 
eurrent in a circuit of unit resistance; for if units were chosen bearing any 
other relation to each other,C would be equal to 2 5, where x would be a useless 
and absurd factor, complicating all calculation, and confusing the very simple 
conception of the relation established by Ohm’s law. 

Secondly, it has been experimentally proved by Dr. Faraday that the 
stafical tity of electricity conveyed by any given current is simply pro- 
portional to. the strength of the current, whether electromagnetically or 
electrochemically measured, and to the time during which it flows; hence, in 
mathematical language, we have the equation 

Q=Ct,. we cece ee wee ee (2) 
where t=:time, and Q<=quantity. From this equation it follows that the unit 
of quantity must be the quantity conveyed by the unit current in the unit of 
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time; otherwise we should have Q==yC#, where y would be a second use- 
less and absurd coefficient. From equations (1) and (2) it follows that only 
two of the electrical units could be arbitrarily chosen, even if the natural 
relation between electrical and mechanical measurements were disregarded. 
Thus if the electromotive force of a Daniell’s cell were taken as the unit of 
electromotive force, and the resistance of a metre of mercury of one milli- 
metre section at 0° were taken as the unit of resistance, it would follow from 
. equations (1) and (2) that the unit of current must be that which would be 
produced by the Daniell’s cell in a circuit of the above resistance, and the 
unit of quantity would be the quantity conveyed by that current in a second 
of time. Such a system would be coherent; and if all mechanical, chemical, 
and thermal effects produced by electricity could be neglected, such a system 
might perhaps be called absolute. But all our knowledge of electricity is 
derived from the mechanical, chemical, and thermal effects which it pro- 
duces, and these effects cannot be ignored in a true absolute system. Che- 
mical and thermal effects are, however, now all measured by reference to the 
mechanical unit of work; and therefore, in forming a coherent electrical 
system, the chemical and thermal effects may be neglected, and it is only 
necessary to attend to the connexion between electrical magnitudes and the 
mechanical units. What, then, are the mechanical effecta observed in con- 
nexion with electricity? First, it has been proved that whenever a current 
flows through any circuit it oom work, or produces heat or chemical 
action equivalent to work. 18 work or its equivalent was experimentally 
proved by Dr. Joule to bo directly proportional to the square of the current, 
to the time during which it acts, and to the resistance of the cirouit ; and it 
depends on these magnitudes only. In mathematical language this is ex- 
pressed by the equation War(’ Re 2... ee tw -- (3), 
where We:the work equivalent to all the effects produced in the circuit, and 
the other letters retain their previous signification. This is the third funda- 
mental equation affecting the four electrical quantities, and represents the 
most important connexion between them and the mechanical units. From 
equation (3) it follows (unless another absurd coefficient be introduced) that 
the unit current flowing for a unit of time through a circuit of unit re- 
sistance will perform a unit of work or its eqnivalent. If every relation 
existing between electrical and mechanical measarements were expressed by 
the three fundamental equations now given, they would still leave the series 
of units undefined, and one unit might be arbitrarily chosen from which the 
three other units would be deduced by the three equations; but these three 
equations by no means exhaust the natural relations between mechanical and 
electrical measurements. For instance, it is observed that two equal and 
similar quantities of electricity collected in two points repel one another with 
a force (F) directly proportional to the quantity Q, and inversely te the 
square of the distance (d) between te points. This gives the equation 


Fea; - cece cee eces weeee (4) 


from which it would follow that the unit quantity should be that which at 
a unit distance repels a similar and equal quantity with unit force. The 
four equations now given are sufficient to measure all electrical phenomena 
by reference to time, mass, and space only, or, in other words, to determine 
the four electrical units by reference to mechanical units. Equation (4) at 
once determines the unit of quantity, which, by equation (2), determines the 
unit current ; the unit of resistance is then determined by equation (3), and the 
unit electromotive force by equation (1). Here, then, is one absolute or coherent 
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sytem, starting from an effeet produced by electricity when at resi, The 
units based on theee four equations are precisely those called by Weber elec-. 
trostatieal units, although it may be observed that he chose those units 
without reference to what is here called the third fundemental equation, or, 
in other words, without reference to the idea of work, introduced into the. 
system by Thomson and Helmhelts*. 

The four equations are sufficient to determine the four unite, and into this. 
ystem no new relation can be introduced. The first three equatians mey, 
however, be retained, and a distinct absolyte system estebliahed by substi 
tating some other relation between electrical and mechanical magnitudes 
than is m-equation (4); and, indeed, the electrostatical system just 
defined is not that which will be found most generally useful. It is. based on 
a statical phenomenon, whereas at present the chief applications of electrici 
are dynamic, depending on electricity in motion, or on voltaic currents wi 
their accompanying electromagnetic effects. Now the force exerted on the 
pole of a magnet by a current in its neighbourhood is a purely mechanical 
phenomenon. This force (f) is proportional to the magnetic strength (m) of 
the pole of the magnet, and to the strength of the current C; and if the con- 
ductor be at all points equidistant from the pole, or, in other words, be bent 
ina circle of the radius k round the pole, the force is proportional to the 
length of the conductor (L): it is also inversely proportional to the square of 
the distance (&) of the pole from the conductor, and is affected by no other 
crcumstances than those named, Hence we have 


Jz wee e rece cep scene (OY 


From this equation it follows that the unit length of the unit current must pro- 
duce the unit force on a unit pole at the unit distance. If the equations (1), (2), 
(3), and (5) are adopted as fundamental, they give a distinct absolute system 
of units, called by Weber the electromagnetic units. Equations (4) and (5) aré 
imcompatible one with another, if equation (2) be considered fundamental ; but 
the electromagnetic units have a constant and natural relation to the elec- 
trostatic units, It will be seen that in the fundamental equation (5) of the 
electromagnetic system, besides the measurements of time, space, and mass, 
alone entering into the other equations, a fourth measurement (m) of a mag- 
netic pole is required; but this measurement is in itself made in terms of the 
mechanical units, for the unit pole is simply that which repels another equal 
pole at unit distance with unit force. Thus in the electr etic as in the 
electrostatic system all measurements are ultimately referred to the funda- 
mental units of time, space, and mass. The electromagnetic units are found 
much the more convenient when dealing, as we have now chiefly occasion to 
do, with electromagnetic phenomena, . 

The relations of the electromagnetic units one to another and to the 
mechanical units may be summed up as follows :—The unit current conveys 
a unit quantity of electricity through the circuit in a unit of time. The unit 
current ia a conductor of unit resistance produces an effect equivalent to the 
mit of work in the unit of time. The unit current will be produced in 8 
cucuit of unit resistance by the unit electromotive force. The unit current 
flowing through a conductor of unit length will exert the unit force on a unit 
pole at a unit distance. (In‘the electrostatic system all the above propositions 
hold good except the last, for which the following must be substituted :—the 
amt quantity of electricity will repel a similar quantity at the unit distance 
with a unit force.) | . . 
© Vide Appendix C. § 31. a 

I 
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It remains to be explained how electrical measurements can be practically 
made in electromagnetic units. Of all the magnitudes, currents are the moat 
easily measured, provided the horisontal force (H) of the earth’s magnetism be 
known. Let a length (L) of wire be wound so as to form a circular coil of 
small section as compared with its radius (*). 

Let a short magnet be hung in the centre of the coil placed in the 
magnetic meridian, as in the ordinary tangent galvanometer, and let the 
deflection produced by the current C be called d, then it is easily* proved from 
the fundamental equation (5) that 


He? 
many tan ds we eee eee eo vee (6) 


Thus, where the value of H is known, a tangent galvanometer only is required 
to determine the magnitude of a current in electromagnetic absolute mea- 
surement, although neither the resistance of the circuit nor the electromotive 
force producing the current may be known. The measurement of quantity 
can be obtained from that of a current by a make-and-break apparatus, or 
‘¢ Wippe,” in a well-known manner, or by measuring the swing of a galvano- 
meter needle when a single instantaneous discharge is allowed to pass through 
it (Appendix C. § 25). If, therefore, we could measure resistance in abso- 
lute measure, the whole system of practical absolute measurement would be 
complete, since, when the current and resistance are known, equation (1) 
(Ohm’s law) directly gives the electromotive force producing the current. 
The object of the experiments of the Sub-Committee (made at King’s College, 
by the kind permission of the Principal) was therefore to determine the re- 
sistance of a certain piece of wire in the absolute system, in order from this 
one careful determination to construct the material representative of the 
absolute unit with which all other resistances would be compared by well- 
known methods. 

There are several means by which the absolute resistance of a wire cal 
be measured. Starting from equation (3), Professor Thomson, in 1851, deter- 
mined the absolute resistance of a wire by means of Dr. Joule’s experimental 
measurement of the heat developed in the wire by a current t+; and by this 
method he obtained a result which agrees within about 5 per cent. with our 
latest experiments. This method is the simplest of all, so far as the mental 
conception is concerned, and is probably susceptible of very considerable 


accuracy. 

Indirect methods depending on the electromotive force induced in 4 wire 
moving across 8 magnetic field have, however, now been more accurately 
applied ; but, before describing these methods, it will be necessary to pout 

+ The resultant io force (/') exerted at the centre of the coil by a current (C) 
will, by equation (5), bofaS, and the short magnet hung in the centre will experience 6 


couple acting in s direction perpendicular to the plane of the coil equal to 2, where 


mi=the product of the strength of one of the poles into the length of the magnet, or, in 
other words, its magnetic moment. The Pt of the couple acting perpendicularly 
to the axis of the magnet, when it has to an angle d under the influence of the 


current, will be os ¢ [5 » at the same time the equal and opposite couple exerted 
on the magnet by the earth’s magnetism will be sin d Hai, hence 
HE smd Hi 
OnE Xcode 
t Phil. Mag. vol. ii. Ser. 4, 1861, p. 561. 
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out the connexion between the electromotive force induced in the above 
manner and the fundamental equations adopted for the absolute system. The 
exact sense in which the terms are employed is defined in the accompanying 
fot-note, along with some simple corollaries from those definitions *. 

A earrent (C) in a straight conductor of length (L) crossing the lines of 
foree of a magnetic field of the intensity (S) at right angles will experience the 
same force (f) as if all the points of the conductor were at the unit distance 
from a pole of the strength (8). The force in this case exerted on the magnet 
is, by equation (5), equal to SLC, and, conversely, an equal force is exerted by 
the magnet on the current. Hence we have equation (7), expressing the value 
of the force (f) exerted on a current crossing a magnetic field at right angles, 

(7 


sensible resistance (R) of the circuit thus formed be constant for all positions 
of the conductor. Let us further imagine the rails so placed that when the 
cadactor slips along them it moves perpendicularly to the magnetic lines of 
force and to its own length. By experiment we know that when the con- 
doctor is moved along the rails cutting these lines of force, a current will be 
developed in the circuit, and that the action of the magnetic force on this 
current will cause a resistance (f) to the motion (due to electromagnetic 
exases only); and, by equation (7), we find that this resistance f=SLC. 

Let the motion be uniform, and its velocity be called V; and let the work 
done in the unit of time in overcoming the resistance to motion due to elec- 
tromagnetic causes be called W; then W=YSLC. But this force produces 


will a Go ut tangs fom ha plo bo of he 
maty 8, i. 2. . to the strength ; at tance, the force 
cure cua anit pole woold, by def. & be syusl to §,rand hance, by def. 8, the intensity 
of the magnetic field at that point would be equal to 8. 
sfson 4.—The direction of the force in the field is the direction in which any pole 
# arged the magnetian of the field; this is the direction which a sho:t-balanced, freely 
assume. 


Ines of force is found. The intensity of the ficld is found by a method described in the 
‘Admiralty Manual,’ Srd edit., article “ Terrestrial Magnetism.” The number of lines of 
force through the unit of area perpendicularly to the dipping-needle in the room 
mast be conceived ss proportional to this intensity, and the direction to correspond with 
that of the dipping- The magnitude and direction of the earth’s force at a point 
xe generally expressed by resolving it into two com ents, one horizontal and the other 
vertical. mean horizontal component in England for 1862 waa at Kew = 8°8154 
Britieh exrits, or 1°7592 metrical ; é. ¢. & unit pole weighing one gramme, and free to move 
in s horisomtal plane, would, under the action of the earth’s horizontal force, acquire, at 
et NOY onl to 27692 metres por pevane ( Vide also Appendix O. 
$to 12 . 
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no other effect than the current, and the work done by the current must 
therefore bo=W, or equivalent to that done in moving the conductor against 
the force f; but, by equation (3), We=C’R, and hence 


VSL 
Raspes sce cece tac ences (8) 


It has alroady been shown that C and S can be obtained in absolute mea- 
sure; hence the second member of equation (8) contains no unknown quantities, 
and, by the experiment described, the absolute resistance (R) of a wire might 
be determined. One curious consequence of these considerations is, that the 
resistance of a conductor in absolute measure is really expressed by a velo- 
city ; for, by equation (8), when SL=:C we have R=V, that is to say, the 
resistance of a conductor may be expressed or defined as equal to the velocity 
with which it must move, if placed in the conditions described, in order to 
generate a current equal to the product of the length of the conductor into 
the intensity of the magnetic field ; or more simply, the resistance of a circuit 
is the velocity with which a conductor of unit length must move across a mag- 
netic field of unit intensity in order to generate a unit current in the circuit. 
Moreover it can be shown that this velocity is independent of the magnitude 
of the fundamental units on which the expression of the magnetic intensity of 
the field or strength of the current is based, and hence that electrical resist- 
ance really is measured by an absolute velocity in nature, quite independently 
of the units of time gnd space in which it is expressed. (Appendix C, § 39.) By 
equation (8) we have Cnr, but by equation (1) O=F, hence 

E=VSL;.. 2... cece reeves (9) 
that is to say, the electromotive force produced between two ends of a 
straight conductor moved perpendicularly to its own | and to the lines 
of force of a magnetic field is equal to the product of the intensity of the 
field into the length of the conductor and the velocity of the motion ; or, more 
simply, the unit length of a conductor moving with unit velocity perpendicu- 
larly across the lines of force of a magnetic field will produce a unit electro- 
motive force (or difference of potential) between its two ends. This was by 
Weber made a fundamental equation, in place of equation (8), first shown 
by Thomson and Helmholtz to be consistent with Weber’s electromagnetic 
equation. These simple and beautiful relations between inductive effects and 
the simple voltaic effects first described are well adapted to show the rational 
and coherent character of the absolute system. 

The experiment last described, as a method of finding the absolute resistance 
of a conductor by measuring the velocity of motion of a straight wire, would 
be barely practicable; but it will be easily understood that we can, by cal- 
culation, pass from this simple case to the more complex case of a circular 
coil of known dimensions revolving with known velocity about an axis in 2 
magnetio field of known intensity. Weber, from these elements, determined 
the absolute resistance of many wires; but this method requires that the n- 
tensity of the magnetio field be known; and the determination of this element 
is laborious, while its value, for the earth at least, is very inconstant. A 
method due to Professor Thomson, by which a knowledge of this element 1s 
retidered unnecessary, has therefore been adopted in the experiments of the 
Sub-Committee at King’s College. In this plan a small magnet, acreened 
from the effect of the air, is hung at the centre of a revolving coil, which ¥ 
divided inte two parts to allow the suspending fibre to pass freely. 

By calculation it can be shown that when the coil revolves round a vertical 
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axis, the couple exerted on a magnetic needle of the moment m/, when deflested 
ta the angle d, will be Sry yy ml 000 d. 

The equal and opposite couple caused by the earth’s magnetism will be 
Hwland. Hence 


rg R= — 


sa equation from which the earth’s magnetic force and the moment of the sus- 
pended magnet have been eliminated, and by which the absolute resistance 
(B) can be calculated in terms of the length, L, the velocity, V, the radius, &, 
and the deflection, d. The resistance thus calculated is expressed in electro- 
magnetic absolute units, because equation (10) is a simple consequence of equa- 
tions (1), (3), and (5)}—fundamental equations in the electromagnetic system. 
The easence of Professor Thomson’s method consists in substituting, by aid 
af the laws of electromagnetic induction, the measurements of a velocity and 
3 deflection for the more complex and therefore lees accurate measurements 
ef work and force required in tho simple fandamental equations. But, how- 
ever ample in theory the method may be, the practical determination of the 
abeclute resistance of a conductor by its means required great care and very 
numerous precautions,—some of an obvious character, while the need of others 
only became apparent during the course of the experiments. 

The apparatus consisted of two circular coils of copper wire, about one foot 
m diameter, placed side by side, and connected in series ; these coils revolved 
rend a vertical axis, and were driven by a belt from a hand-winch, fitted 
with Huyghens’ gear to produce a sensibly constant driving-power. A small 
magnet, with a mirror attached, was hung im the centre of the two coils, and the 
deflections of this magnet were read by a telescope from the reflection of a scale 
m the mirror. A frictional governor controlled the speed of the revolving 
onl. The details and a drawing of the apparatus are given in Appendix 
D. and Plate VI.; but a short acoount may fitly be given here of the points 
of chief practical importance, the difficulties encountered, and the improve- 
ments still desirable. 

It is easential that the dimensions of the ooil be very accurately known, 
thet the axis round which it revolves should be truly vertical, and that, except 
im the coil itself, no currents affecting the position of the magnet be induced in 
my part of the apparatus. To measure the anguler deflection the distance 
of the seale from the mirror is required, and the scale must be truly 
to the mirror when the magnet is undeflected, or, in other words, when the 
col is at rest. All these conditions were fulfilled without difficulty; but 
the seale by the reflection of which the deflections were measured was, 
towards the end of the experiments, found not to be very accurately divided ; 
and although a correction for this inaccuracy has been epplied in the calcu- 
lations, an improvement can in future experiments be effected by the use of 
a more perfect scale. The magnet was suspended by a single silk fibre, eight 
feet long, inside a wooden case, and by suitable adjustments was brought very 
earefally to the centre of the coils. The whole suspended system was so 
trreened from currents of air, and so well protected from vibration, that when 
the coil revolved at its fall speed of 350 revolutions per minute, the reflection 
m the mirror was as clear and undisturbed as when the coil was at rest. 
The torsion of the long fibre was determined by experiment, and the slight 
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necessary corrections applied in the calculations. The Huyghens’ gearing for 
the driving hand-winch was somewhat roughly constructed, and could certainly 
be improved; nevertheless there was little difficulty in maintaining a sensibly 
constant driving-power for twenty minutes at a time. The speed of the coil 
was controlled by a frictional governor of novel form, designed by Mr. Jenkin 
for another purpose, and lent for the experiments in question. The action of 
this governor, combined with that of the driving-gear, was such that in many 
experiments the oscillations in deflection due to a change of speed were not 
s0 great as those due to the passage of steamers in the river when all parts of 
the apparatus were at rest; so that the deflections during twenty minutes 
could be quite as accurately observed as the slightly imperfect zero-point 
from which they were measured. Still better results are expected with a 
larger governor, made specially for the apparatus, on the joint plans of Pro- 
fessor Thomson and Mr. Jenkin. The oscillations produced by the passage 
of steamers on the Thames at no great distance from the place of experiments 
were of very sensible magnitude; and although by carefully observing the 
limit of every oscillation during every experiment the error due to this cause 
was in great part eliminated, it is desirable that any future experiments should 
be conducted in some spot free from all local magnetic disturbance. 

The speed of the coil was determined by observing on a chronometer the 
instant at which a small gong was struck by a detent released once in every 
hundred revolutions. Mr. Balfour Stewart’s skill in this kind of observation 
enabled him thus to determine the velocity with great accuracy, especially 
as the observations frequently lasted for twenty minutes without material 
alteration in the speed. 

Some error was apprehended in the necessary measurement of the length 
of the copper wire used, owing to the extension that would be caused by the 
strain usually required to straighten the wire. This really serious difficulty 
was eluded almost by accident, mn a manner amusing from its simplicity. 
At the conclusion of the experiments, the wire to be measured was uncoiled 
in the Museum at King’s College and lay in awkward bends on the planked 
floor. The straight planks formed an obvious contrast to the crooked wire, 
and a joint between the planks was found where the opening was just suffi- 
cient to hold the wire when pushed into this little groove. Held in this way, 
the wire when measured was quite straight, and yet was never stretched. 

No other measurements than those already described are required by the 
simple theory ; but this theory, as hitherto stated, stands in need of various 
slight corrections. The currents induced by the earth’s magnetism are modi- 
fied by the currents induced from the little suspended magnet, and also by 
the induction of the coil on itself. The force deflecting the magnet is also 
modified by the lateral distance of the coils from the vertical axis. An ela- 
borate analysis of the corrections required on these grounds was made by 
Professor Maxwell (Appendix D.) ; and to allow of these corrections, the mo- 
ment of the suspended magnet was measured, and the position of every turn 
of the copper coil carefully observed. An experimental determination of the 
induction of the coil on itself, by a method due to Professor Maxwell, agreed 
with the calculated correction within one quarter per cent. 

The resistance of the copper coil measured by these laborious experiments 
varied each day, and during each day, according to the temperature; and, 
moreover, this temperature could at no time be determined with sufficient ac- 
curacy. It was therefore intended that at each experiment a small German- 
silver coil, at a known temperature, should have been prepared exactly equal 
in resistance to the copper coil during that experiment, and these small coils 
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were to have been kept as permanent records of the resistance,of the copper coil 
os cach occasion; but this resistance was found to vary 80 rapidly that the 
itde copies could not be accurately adjusted with sufficient rapidity, and the 
resistance of the copper coil was therefore simply measured at the beginning 
and ead af each experiment, in terms of an arbitrary unit. This propor- 
tional measurement was made with rapidity and precision by a néw method, 
which, it is believed, is superior to the usual plan depending on the division 
or calibration of a comparatively short wire in the Wheatstone balance. (Ap- 
peadix D. Part IZ.) 

One unforeseen difficulty was caused by the change of direction of the 
erth’s magnetic force during each experiment. Our method is indeed inde- 
pendent of the intensity of the earth’s magnetism, but depends essentially on 
its direction, since it depends on the value of a deflection from the megnotic 
meridian. When this source of error was discovered by the continual and 
gradual change of sero observed, the absolute time of each experiment was 
noted, and a continuous correction obtained from the contemporaneous records 
st Kew, which agreed closely with the total changes observed at the beginning 
ind end of each experiment. As the change of zero frequently reached three 
ee four divisions in the course of the day, and as the whole deflection seldom 
exeeeded 300 divisions, the importance of this correction is apparent. 

The presence of stationary masses of iron does not affect the experiments 
inyarioualy, so long as the uniformity of the magnetic field in which the coil 
resolves is undisturbed—a point carefully tested before the experiments 
began; but a change in the position of iron in the neighbourhood during any 
expexmment produces a corresponding error in the result, and the serious 
Steet of moving very small marees 6 of tron at a great distance from the coil 
was appreciated in the later experiments. 

Wet considered that the method described is the simplest known, the 
dwerepancy between the few determinations hitherto made in absolute mea- 
rarement will cause no surprise. The time, labour, and money required 
could hardly be expected to be given by any one person, and in researches of 
this kind the value of the cooperation secured by the committees of the 
Asocation is especially evident. 

The absolute unit of the Sub-Committee is about eight per cent. larger than 
the unit as derived from a German-silver coil lately measured by Professor 
Weber. It is about six and a half per cent. larger than the unit as derived 
from a value published by Professor Weber of Dr. Siemens’s mercury units. 
It is about five per cent. smaller than the unit as derived from coils issued by 
Profesor Thomson in 1858, based on Jacobi’s standard and a previous deter- 
mination by Professor Weber. It is about five per cent. smaller than Thom- 
son's determination from Joule’s silver wire. It agrees most closely with an 
old determination of = copper standard made hy Weber for Professor Thomson, 
which it exceeds by only a very small fraction. 

The experiments of the Sub-Committee agree much better than the above 
ome with another. Owing to the gradual improvement in the method and 
spparatus, the experiments of the last three days are alone considered satis- 
factory. On the first day the maximum deviation in six distinct experiments 
from their mean result was 2-4 per cent. On the second day the maximum 
deviation in four experiments from their mean was 1:3 per cent. On the 
third day the maximum deviation in five experiments from their mean was 
1-15 pee cent. The maximum deviation in the means of the three days’ ex- 
periments from the mean of the whole is only four-tenths per cent. 

These results are not unsatisfactory, and are perhaps more accurate than 
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any measurement yet made of the relative values of heat and work—a mea- 
surement corresponding to a great extent in its natare with that undertaken by 
the Committee, Nevertheless, considering the discrepancy of the various 
independent resulta, the Committee are of opinion that it is essential that 
the results of the Sub-Committee should be cheoked by s fresh series of expe- 
riments with a new coil in a distinct place, when every separate measure- 
ment will necessarily be repeated. The Sub-Committee especially arge the 
repetition of the experiments, as with the improvements already enume- 
rated, and other minor alterations, they confidently expect a considerably closer 
approximation to the absolute unit than they have hitherto obtained. It will be 
well here to remark that, according to the resolution of the Committee of 1861, 
the coils, when issued, will not be called absolute units, but the units of the 
British Association; so that any subsequent improvement in experimental 
absolute measurement will not entail a change in the standard, but only s 
trifling correction in those calculations which involve the correlation of the 
physical forces. 

It is now time to leave the question of absolute measurement and pass to 
some of the other points under the consideration of the Committee. Dr. 
Matthiessen has, by careful experiment, proved the permanence for a year st 
least of the electrical resistance of certain wires; but he has detected a change 
in others, due, apparently, to the influence of time. Certain imens of ail- 
ver, gold, and copper have varied; but other specimens of the same metals 
have remained constant. All the specimens of platinum and gold-silver alloy 
have remained constant, and all the specimens of German silver have changed 
considerably. It is proposed to continue and extend these experiments, and 
it is much to be hoped that the defect observed in the German silver tested 
will not be found common to all the varieties of this alloy, in other respects #0 
well adapted for the construction of resistance-coils. Dr. Matthiessen found 
no difference in the resistance of wires of any of the above metals before and 
after the passage of a powerful current transmitted through them continually 
for a fortnight. The details of these experiments are given in Appendix A. 
Dr. Matthiessen has also continued his experiments with the object of find- 
ing an alloy with a minimum variation of resistance due to change of ten- 
perature, but has been unable to produce a wire superior in this respect 
to the silver-platinum alloy mentioned in Appendix A. of the Report of 
last year, a8 decreasing in conducting power 3-1 per cent. between 100° and 
0° Centigrade. German silver was found to decrease under the same circum- 
stances 4°4 per cent. 


The valuable experiments by Mr. Sabine, for Dr. Werner Siemens of Berlin, 


on the reproduction of standards by means of mercury, although not under- 


taken for the Committee, yet bear so directly on the subject before them the 
the results cannot be allowed to pass nnmentioned. Dr. Siemens has cot- 
clusively proved that he can, in his laboratory, reproduce 4 standard by mean’ 
of mercury with an error of leas than 0°05 per cent. This admirable result, 
while it seriously affects the question of the beat material for the eonstractiet 
and reproduction of the standard, leaves, of course, the question of the bet 
magnitude for the standard quite untouched. Dr, Matthiessen thinks thst 
several of the solid metals are equally fitted for the purposes of reprodac- 
tion, and, if aided by the Association, is disposed to put his conviction 
experimental proof. It is especially desirable that the various mothods pro 


posed should be tested by the concordance of the results obtained from ¢ 


number of independent observers. 
With reference to the construction of the material standard, it is prope 
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that the British Association units shall be represented by several equal stan- 
dards made of the different metals, which, so far as our limited experience 
eves, chow the greatest signs of constancy. Two at least of those standards 
would be made of mercury, in the manner proposed by Dr. Siemens. The 
permanent agreement between several of these standards would afford the 
strongest possible proof of their constancy. 

Passing to other electrical measurements, the Committee have to report that 
Professor W. Thomson has successfully constructed a material standard gauge 
by which electromotive force or difference of potentials can be directly mea- 
sured. This instrament is founded on a measurement of the electrical attrac- 
tion exerted on a small moveable portion of a large conducting-plane by 
another large parallel pane fixed at a constant distance, and electrified to a 
afferent potential. e force exerted is ultimately measured by the torsion 
ef s platinum wire ; but the difference of potential corresponding to any one 
gauge is simply indicated by the motion of an index to a sighted position. 
If the planes are brought sufficiently close, with a given torsion in the 
piatinum wire, the moveable piece will be in a condition of unstable equili- 
brium when its index is in the sighted position, but if moved to a greater 
Gstanee the equilibrium will be stable; hence, by a correct choice of the 
Estance between the two planes, or initial torsion in the platinum wire, as 
compared with the difference of potential to be measured, any required 
delicacy of indication is obtained. The constancy of the gange, like that 
of all standards, depends simply on the constancy of the materials of which 
it is constructed, and there is no reason to apprehend any special difficulty 
in the present case. - 

Professor Thomson has also on the same principle constructed an electro- 
meter in which the distance between the parallel planes is made variable, 
and s adjusted by a micrometer-screw. The plane conductor, of which the 
mall moveable index forms part, is in this instrument permanently main- 
tuned at a high potential by connexion with the inner coating of a Leyden 
jar, and the other plane is connected with the body to be tested. Calcula- 
tion, confirmed by experiment, shows that in these instruments the difference 
of potentials between any two bodies, successively tested, is directly pro- 
portional to the difference of the distances between the parallel planes 
required in each case to bring the index to its sighted position. This 
difference of distance is the same whatever be the charge of the Leyden 
jt, provided only it remains constant during the comparison of the two 
bodies. With this limitation, the indications of the instrument may be 
called independent of the charge of the Leyden jar. There can be little 
deubt that gauges of electromotive force and electrometers, ing the 
above conditions, will shortly become as necessary to all practical electricians 
wrstandards of resistance and sets of resistance-coils. 

No progress has been made in the measurement of currents, and much 
Temains to be done in this respect. The method already described, depending on 
the we of a tangent galvanometer, requires a knowledge of the horizontal force 
of the earth’s magnetism, and is, therefore, in most cases beyond the reach of 
Qververs where greater accuracy is required than can be obtained by taking 
their value from the scientific almanacs. Next year it is hoped that this 
want be remedied, and the present Report may fitly conclude by the 
caumetation of objects to be pursued by the Committes, if reappointed at the 
present Meeting :— | | 

Ist. The experiments on the determination of the absolute unit of resist- 
ame will be continued. 
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2nd. Immediately on the conclusion of these experiments, equal standards, 
constructed of such metals as promise the greatest constancy, will be depo- 
sited at Kew, where the permanence of their equality will be ngorously tested. 

3rd. Unit resistance-coils of the best known construction will be issued to 
the public. 

4th. The experiments already begun on the permanence of the electrical 
resistance of wires and alloys under various circumstances will be continued 
and extended. 

5th. The experiments on the reproduction of standards by chemical means 
will be continued. 

6th. Experiments on the best construction of gauges of electromotive force 
or difference of potential, and on electrometers, will be continued. 

7th. A standard galvanometer, for the measurement of currents in absolute 
measure, will be constructed, and electro-dynamometers for the same purpose 
compared with the standard instrument, and issued to the public. 

8th. Experiments on the ratio between the electrostatic units and the 
electromagnetic units will be undertaken. 

_ 9th. Experiments will be made on the development of heat in conductors 
of known absolute resistance with currents of known absolute magnitude. 
The results of this experiment will give, by equation (3), a new and very 
accurate determination of the mechanical value of the unit of heat. 

The conclusion of the experiments on absolute resistance, and the adoption 
of the absolute system as the basis of all electrical measurement, will, it is 
hoped, allow considerable progress to be made in most of these researches. 


Aprrenprx A.—On the Electrical Permanency of Metals and Alloys. 
By A. Marruressen, F.2.S. 
Tue following are the results obtained with the metals and alloys destribed 
in Appendix B. of the Report on Standards of Electrical Resistance by your 
Committee :— 
~ The wires to be experimented on were— 


1. Silver: hard drawn........ re 
2. Silver: annealed .......... Cut from the same piece ; pure. 

3. Silver: hard-drawn........ Cut from the same piece, but different 
4, Silver: annealed .......... from 1 and 2; pure. 

6. Copper : hard-drawn ...... Cut from the same piece ; pure. 

6. Copper: annealed.......... f 

7. Copper: hard-drawn ...... Cut from the same piece, but different 
8. Copper: annealed.......... from 5 and 6; pure. 

9. Gold: hard-drawn ........ sane: 
10. Gold: annealed .......... Cat from the same piece; Pure. 
11. Gold: hard-drawn ........ Cut from the same piece, but different 
12, Gold: annealed .......... from 9 and 10; pure. 

13. Platinum: hard-drawn .... Cut from the same piece; commercial. 


14. Platinum: hard-drawn .... j 
15. Gold-silver alloy: hard-drawn | Cut from same piece. Made by Messrs. 


16. Gold-silver alloy: hard-drawn { Johnson and Matthey. | 
Cut from the same piece. No. 19 ar- 


17. German silver: annealed.... | ranged with lon t 

ger connectors, and 
18. German silver: annea e4 eee used a8 normal wire with which the 
19. German silver: annealed.... rest were compared, 


These were first tested on May 9th, 1862, and at intervals between that 
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dete and June 14th, 1863, when they were last tested. During the time 
when not used, they were hung up in a room where in the winter a fire was 
kept all day, so that the temperature may have varied at times some 10 or 
12 degrees in the twenty-four hours. 
The following Table contains the results of the first and last comparisons. 
I have taken the condueting power in the first in all cases equal to 100 as 
with No. 19; in the last I have assumed that the conducting 
power of No. 15 has remained unaltered :— 


Conducting found, Swen . 
powers iound, a6 power iound, as 

| compared with No. 19= 100. | compared with 

No. 15=100. 


3. 
T. 

L Silver: hard-drawn ............ 20-0 
2 Giver: annealed ............... 20-1 
| 3 Siiver: hard-drewn ............ 20:2 
4 Silver: annealed ............... 20-0 
5. Copper: hard-drawn ......... 20-2 
. & Copper: annealed............... 20°0 
7. Copper’: hard-drawn ......... 198 
& es ea annealed............00. 20-4 
2 : hard-drawn ............ 20-2 
110. Gold: anmealed..............- 200 
l. Gold: hard-drawn ............ 20-2 
12 Gold: annealed ............... 20°3 
13. Pistinum: hard-drawn ...... 20-2 
14 Platinum: herd-drawn ...... 20-2 
Gold-silver alloy: hard-drawn, 100-00 20-2 
Gold-ailver alloy: hard-drawn} 100-00 20°3 
17. German : annealed...... 20:0 
German silver: annealed...... 20-0 
German silver: annealed......)  ...... | ccccoe | ccecce | ceveee 20-2 


From the above it would appear that if the conducting power of No. 19 
has remained constant, that of all the others has altered; but supposing 
such to be the case, it will be found on comparing the values that the con- 
ducting powers have all altered in a like extent. Is this probable? Is it 
tot more probable that the conducting power of the German silver has 
changed, than that that of all the others should have altered in the same 
degree? If that of the gold-silver alloy, No. 15, be called 100-00 instead of 
99-793, then, as will be seen from column 3, very few show any change in. 
their conducting power. Those which show no sensible change are as follows :— 


=] 


Values taken from column 8. 
Wo. 2. Silver: annealed............ «. 99°947 
No. 4. Silver: annealed.............. 100-031 
No. 6. Co : amnealed ............ 100-015 
No. 9. Gold: hard-drawn cece etn eces 100°045 
No. 10. Gold: annealed .............. 100-062 
No. 13. Platinum: hard-drawn........ 99°951 
No. 14. Platinum: hard-drawn ........ 99-999 


No. 15. Gold-silver alloy: hard-drawn .. 100-000 
No. 16. Gold-silver alloy: hard-drawn .. 99-963 
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The differences in the above are probably due to temperature; for as the 
wires are in tubes filled with carbonic-acid gas, we can never be absolutely 
sure that wire has exactly the same temperature as the bath. In properly 
made resistance-coils this source of error is materially diminished, and in 
some experiments which are about to be made to further teat the electrical 
permanency of metals and alloys this source of error will be almost entirely 
obviated. It may be here again mentioned, that the reason of placing the 
wires in glass tubes filled with carbonic-acid gas was to obviate the oxidation 
of the metal or alloy by the oxygen of the air, or from the acids produced by 
the oxidation of the oil or fat with which the wires are covered when drawn, 
as the holes in the draw-plates are generally oiled or greased, &c. 

Those whose conducting power has changed are as follows :-— 


Values taken from column 8. 
No. 1. Silver: hard-drawn .......... 103°915 
No. 3. Silver: hard-drawn .......... 102°807 
No. 5. Copper: hard-drawn.......... 100-248 
No. 7. Copper: hard-drawn .........- 100-149 
No. 8. Copper: annealed .......... . 965°556 
No. 11. Gold: hard-drawn ...........5 99-869 
No. 12. Gold: annealed ..,........... 99°877 
No. 17. German silver: annealed ..... , 100-162 
No. 18, German silver: annealed .,,,.. 100°145 
No. 19. German silver: annealed ...... 100°217. - 


The cause of the change in the conducting powers of the alloys Nos. 1, 3, 
5, 7 is undoubtedly due to their becoming semewhat annealed by age*. With 
No. 8 the alteration may be attributed to faulty soldering. That the con- 
ducting power of the German silver experimented with has altered is not a 
proof that all German silver will do so; for we find the gold wires Nos. 9 and 
10 not altered, but Nos. 11 and 12 (which were cut from the same pieces, 
but of a different one from the one from which Nos. 9 and 10 were taken) 
have altered. Further experiments are, however, required to prove whether 
the metals and alloys given above as constant in their conducting power 
are 60 or not, | 

Schroder van der Kolk statest that the conducting power of copper wire 
undergoes a change when even weak currents are allowed to pass through it. 
In order to see whether that of the above wires would suffer any change, 
the following experiment was arranged :—Nos. 1, 2, 5, 6, 9, 10, 13, 15, 17 
were connected together, and a current from two Bunsen’s cells was allowed 
to pass through them day and night for six days. The cells were cleaned 
every morning and evening, and the dilute sulphuric acid renewed. The ex- 
periment was carried out soon after, June 14, 1863. In the subjoined Table 
the conducting powers are given as found before and after the trial, com- 
pared with No, 19. 

Conducting power observed, as compared 
. Wi 


No. 19=100. 
- - Before. J i After. T. 
No. 1........ 103°700 200 103°775 20-2 
No. 2.......- - 99:740 201 99-783 20-2 
No. 5........ 100°040 20-2 100-045 20-2 
No. 6..-...... 99-807 20-0. 99°865 20°0 
No. 9........ 99-888 20-2 99°860 202 
No. 10........ 99°855 20-0 99-807 20-2 


* Brit. Assoc. Report, 1862, p. 139. + Pogg. Anu. 110, 452. 
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No. 13 ........ 99°744 20°2 99-766 20:2 
No. 16 ....... . 99°793 20-2 99°762 20-2 
No.17 ........ 99°955 20:0 99:926 20:2 


From the above numbers it will be seen that the conducting power has not 
canged, the differences in the values being in all probability due, as above 
Fated, to temperature. 

If the passage of a current really altered the conducting power of a wire, 
hen of what use would resistance-coils be? The above experiments prove 
hsta much stronger current than is used for testing the resistance of a wire 
sas no effect on it. 


———————e 


Arexsprx B.—On the Variation of the Electric Resistance of Alloys due to 
Change of Temperature. By A. Marrarssann, F. 

Is the Appendix to the Report of your Onin need ab the Moving 
teld last year, I gave a Table containing the results of experiments with 
sone alloys, made with a view to find out the alloy whose conducting power 
decrenses with an increase of temperature in the smallest degree. With the 
sane apparatus, &c., I have, in conjunction with Dr. C. Vogt, experimented 
mith the followmg alloys 

(With each series the formula deduced from the observations for the cor- 
rection of the conducting power for temperature is given, where ) is equal 
to the conducting power at the temperature ¢ C. Silver (hard-drawn) is 
taken at 0° = 100.) 
pPesen of alloy by weight. Length 226 mm.; diameter 0°470 mm. 

95- 


(1) Gold.......... 3 T. “Cond wer. 
Don 47 120 3573 
Made from pure metals. 56-0 FA 3138 
Hard-drawn. 100-0 2-2798 


A=2-3708—-0:0011555¢ + 0-000002454#. | 
Length 264 mM. ; diameter 1217 mn. 


Geld .......... 95°0 Condu wer, 
©“ Ir 2.1... eee 5-0 15. 0 ose” 
Herd-dra v5 2-0424 
wn 100-0 2:00867 


A==2-0967—0-0010057¢+ 0-0000010522. 

This and the two following alloys were made by Messrs. Johnson and 
Mstthey. No. 2 was made to check the results obtained with No. 1; for 
those given with Mos. 8 and 4 appeared to show that some mistake had been 
nade with No.1. That this was not the case is proved by No.2. It ia, how- 
ever,a very curious faet that the percentage decrement increases in this 
wanner, for in no other series of alloys has this behaviour been noticed. Its 
canse may be attributed to the existence of chemical combinations in the 
solid alloys of gold and iron. 

Nos. 3 and 4 are very brittle, and therefore difficult to draw. 


Length 184 mm.; diameter 0-943 mm, 


3) Gold .......... 90-0 T. Conducting power. 
Tro .......-- 10-0 14-0 - 19822 
Hard-drawn. 57-0 1°7951 
100:0 17010 


Asx 2-0682—0-00613672+-0:000025132. 
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: | Length 145 mm.; diameter 0-758 mm. 
(4) Gold.......... 85-0 T. Conducting wer. 
° 2°6 $ 


Iron.......... 15-0 15-0 
Hard-drawn. 57:5 22732 
100-0 1:9926 


A=2°7645—0-0096586¢+4-0-000019402. 
Length 520 mn. ; diameter 0-802 mm. 


5 Silver .......... 75-0 T. Conducting . 
) Palladian 277 25-0 11-0 8-4846 
Made by Messrs. Johnson and 55°5 8°3577 
Matthey. 100:0 8°2256 
Hard-drawn. 


A=8°5152—0-0027644t—0-000001313¢. 


This alloy was formerly used by dentists on account of its elasticity. It 
was tested, as it appeared to answer some of the conditions required. 


Length 296°6 mm.; diameter 0-576 mm. 
T Conducti 


6) - | 63°3 ucting . 

©) me een eeeae 36°7 15°72 21 807 
Made from pure metals. 23°75 21-562 
Hard-drawn. 39-28 21-116 
54:38 20-693 

69°31 20-300 

84:63 19-897 

99-43 19-327 


A= 22'274—0-0806012-+4- 0-000029802. 
Length 190 mm.; diameter 0-381 mm. 
7. Condacta . 


Copper ........ 75-0 wer 
FER srenee 25-0 13-47 21-704 
Made from. pure metals. 24:07 21-413 
Hard-drawn. 39°21 21-020 
53°65 20°647 
69:03 20-268 
83°71 19-915 
98-97 19-565 


As=22°076—0°028100¢-+-0-000029452". 


These alloys are given, as they approach in composition to that of bras. 
It seemed very desirable to teat the influence of temperature on the alloy, a 
it was proposed by Jacobi as a unit of electric resistance, 


Length 322-5 mm. ; diameter 0-524 mm. 
8 Copper ........ 90°3 T. Conducting power. 

a aaaenneee 9-7 15-43 12-058 
Made from pure metals. rie bt 
™ 54-75 11-737 
69°78 11-619 
84-66 11-499 
98-70 11°391 


A==12'186—0-008416824+-0-0000037008. 
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Length 429 mm.; diameter 0-627 mm. 
(9) Copper....... . 89-7 T. Conducting power. 
Tin ......-60. 10-3 11-0 10-1386 
Made from pure metals. 55°5 9°8710 
Hard-drawn. 100-0 9°6526 


A=10-212— 0-0068043¢ + 00000121028, 


Thee alloys are given, as they approach in composition to that of ordinary 
gun-metal, 


i0) Gun-metal (Austrian). Length 0045 mm. ; ciamoter 0-650 mm. 
Copper . ucting power, 
Zinc. 13-0 26:336 
Iron. 56-5 24-056 

A specimen obtained through 100-0 22-121 
the kindness of Mr. F. Abel. 
Hard-drawn. 


=27-084— 0-058 7502 + 0-:000091162. 


The conducting power of this alloy increased by heating to 100° for one 
dey 57 per cent.—a larger increment than has been observed with any alloy. 
Generally, the conducting power of an alloy either remains constant or only 
varies 0-1 or 0-2 per cent. under the same conditions. 


Length 1564 mm. ; diameter 0-525 mm. 


te a 
“crawn- 57-5 60°179 
100:0 53-387 


A= 72°548—0-24692t+.0-00055312. 


Length 2328 mm. ; diameter 0-525 mm. 
(12) Standard silver. rT Conducti 


p ucting power. 
Hard-drawn. 12-0 78-015 
56°0 69°301 
100-0 61-949 


A==80-628—0°22196¢ + 0-00035182. 


In the following Table I have given the results here obtained, with these 
of last year, in such a manner that they may be easily compared :— 


Conducting | Percentage de- 


power crement in con- 

at 0°. 
Pure irom® 6. wk ce ce cee oseeel = =16°81 
Pure thallinm® ...... 1. ew eee ee 9-16 
Other pure metals in a solid state .......... wae 
Gold, with 15 p.c. iron 2... 1. eee eee 2-76 
Proof gold... 2... ec cece cece ee neee 72-565 
Standard silver... .......... cc ce cec ec cees 80-63 
Gun-metal (Austrian) .......... 000 e scene 27°08 
Gold, with 10 p.c. iron... wee eae 2-06 


Gold, with 14-3 p.c. silver and 7:4 p.c. copper} 44:47 
Copper, with 36-7 p.c. zinc .......-0i eee 22°27 
Copper, with 25 p.c. ZINC.... 2... . cece eens 22°08 


® Pro, Boy. Soc. xii. 472, 1963, 
1863, K 
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TABLE (continued). 


Silver, with 5 p.c. platinnm® .............. 
Silver, with 9:8 p.c. platinum® ............ 
Copper, with 9°7 p.c. tim... .. ccc cece ee ees 
The gold-sitver alloy* ..............0000ee 
Platinum, with 33:4 p.c. iridium............ 
Copper, with 10°3 p.o. tim 2.0... eee eee eee 
Gold, with 18:1 p.c. silver and 15:4 p.c. copper* 
Gold, with 15-2 p.c. silver and 26-5 p.c. capper* 
German silver®........ 0... cece eee ee cee 
. Gold, with 5 p.c. irom oo... ee eee 
Gold, with 4°7 p.c. iron ow... ee eee 
Silver, with 25 p.c. palladium.............. 
Silver, with 33:4 p.c. platinumt............ | 


It will be observed that I have not yet been able to find an alloy whose 
conducting power decreases between 0° and 100° less than that of the alloy of 
silver with 33°4 p.c. platinum; and from results obtained in this direction 
in conjunction with Dr. Vogt, J am of opinion there will be great difficulty 
in doing so. We have already tested upwards of 100 alloys, and it is curious 
how fet we have found whose conducting power varies less than that of Ger- 
man silver between 0° and 100°, 


APPENDIX (0.—On the Elementary Relations between Electrical Measurements. 
By Professor J. Cenk Maxwewt and Mr. Fizmane Jexxm. 


Part I.—Lyrropucrory. 


1. Odjecis of Treatise.—The progress and extension of the electric telegraph 
has made a practical knowledge of electric and magnetic phenomena necessary 
to a large number of persons who are more or less occupied in the construc- 
tion and working of the lines, and interesting to many others who are un- 
willing to be ignorant of the use of the netwark of wires which surrounds © 
them. The discoveries of Volta and Galvani, of Oersted, and of Faraday are 
familiar in the mouths of all who talk of science, while the results of those 
discoveries are the foundation of branches of industry conducted by many 
who have perhaps never heard of those illustrious names. Between the 
student’s mere knowledge of the history of discovery and the workman’s 
practical familiarity with particular operations which can only be communi- 
cated to others by direct imitation, we are in want of a set of rules, or rather 
principles, by which the laws remembered in their abstract form can be 
applied to estimate the forces required to effect any given practical result. 

We may be called on to construct electrical apparatus for a particular 
purpose. In order to know how many cells are required for the battery, and 
of what size they should be, we require to know the strength of current 
required, the electromotive force of the cells, and the resistance of the circuit. 
If we know the results of previous scientific inquiry, and are acquainted with 
the method of adapting them to the case before us, we may discover the 
proper arrangement at once. If we are unable to make any estimate of what 
is required before constructing the apparatus, we may have to encounter 


* Proc. Roy. S00. xii. 472, 1863. t Brit, Aseoo. Report, 1862, p. 137. 
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numerous failures which might have been avoided if we had known how to 

make a proper use of existing data. 

All exact knowledge is founded on the comparison of one quantity with 
another. In many experimental researches conducted by single individuals, 
the absolute values of those quantities are of no importance; but whenever 
many persons are to act together, it is necessary that they should have a 
common understanding of the measures to be employed. The object of the 
present treatise is to assist in attaining this common understanding as to 
electrical measurements. 

2, Derivation of Units from fundamental Standards.—Every distinct kind 
of quantity requires a standard of its own, and these standards might be 
chosen quite independently of each other, and in many cases have been so 
chasen; but it is possible to deduce all standards of quantity from the 
fundamental standards adopted for length, time, and mass; and it is of great 
sientific and practical importance to deduce them from these standards in 
a systematic manner. Thus it is easy to understand what a square foot is 
when we know what a linear foot is, or to find the number of cubic feet in a 
room from its length, breadth, and height; because the foot, the square foot, 
and the cubic foot are parts of the same system of units. But the pint, 
gallon, &c., form another set of measures of volume which has been formed 
without reference to the system based on length; and in order to reduce 
the one set of numbers to the other, we have to multiply by a troublesome 
fraction, difficult to remember, and therefore a fruitful source of error. ) 

The varieties of weights and measures which formerly prevailed in thig 
country, when different measures were adopted for different kinds of goods, 
may be taken ag an example of the principle of unsystematized stantlarda, 
while the modern French system, in which everything is derived from the 
elmentary standards, exhibits the simplicity of the systematic arrangement. 
_ In the opinion of the most practical and the most scientific men, a system 
in which every unit is derived from the primary units with decimal subdivi- 
sons is the best wherever it can be introduced. It is easily learnt; it 
renders calculation of all kinds simpler; it is more readily accepted by the 
world at large; and it bears the stamp of the authority, not of this or that 
legislator or man of science, but of nature. 

The phenomena by which electricity is known to us are of a mechanical 
kind, and therefore they must be measured by mechanical units or standards. 
Our task is to explain how these units may be derived from the elementary 
ones; in other words, we shall endeavour to show how all electric phenomena 
may be measured in terms of time, mass, and space only, referring briefly in 
each case to a practical method of effecting the observation. 

3. Standard Mechanical Units.—In this country the standard of length is 
one yard, but a foot is the unit popularly adopted. In France it is the ten 
millionth part of the distance from the pole to the equator, measured along 
the earth's surface, according to the calculations of Delambre, and this mea- 
sure is called a metre, and is equal to 3-280899 feet, or 39:37079 inches. 

The standard unit of time in all civilized countries is deduced from the time 
of rotation of the earth about its axis. The sidereal day, or the true period 
of rotation of the earth, can be ascertained with great exactness by the ordi- 
hary observations of astronomers; and the mean solar day can be deduced 
frum this by our knowledge of the length of the year. The unit of time 
aupted in all physical researches is one second of mean solar time. 

The standard unit of mass is in this country the avoirdupois pound, as we 
received it from our ancestors. The grain is one 7000th of a pound. Tn the 

K 


132 niePORT—1863. 


French system it is the gramme derived from the unit of length, by the : 
use of water at a standard temperature as a standard of density. One cubic - 
centimetre of water is a gramme=15-43235 grains= ‘00220462 Ibs. 

A table, showing the relative value of the standard and derived unitsinthe : 
British and metrical system, is given in § 55. 

The unit of force adopted in this treatise is that force which will produce - 
a unit of velocity in a free unit mass, by acting on it during a unit of time. | 
This unit of force is equal to the weight of the unit mass divided byg, | 
where g is the accelerating force of gravity 


==32°088 (1+ 0:005133 sin? A) in British units at the level of. the 

or ==9:78024 (1+0-005133 sin?) in metrical units Bea, : 
being the latitude of the place of observation. A unit of force still very — 
generally adopted is the weight of the standard mass. The value of the new _ 


unit is — times the old or gravitation unit. 


The mit of work adopted in this treatise is the unit of force, defined as — 
above, acting through the unit of space (vide § 55). | 

4. Dimensions of Derived Units—Every measurement of which we have to — 
speak involves as factors measurements of time, space, and mass only; but — 
these measurements enter sometimes at one power, and sometimes at another. | 
In passing from one set of fundamental units to another, and for other pur- — 
poses, it is useful to know at what power each of these fundamental measure- 
ments enters into the derived measure. 

Thus the value of a force is directly proportional to a length and a mass, | 
but inversely proportional to the square of a time. This is expressed by _ 


saying that the dimensions of a force are a ; in other words, if we wish to | 


pass from the English to the French system of measurements, the French — 
unit of force will be to the English as ee, 1, or as 50°6 tol; be- 
cause there are 3°28 feet in a metre, and 15-43 grains in a gramme. If the 
minute were chosen as the unit of time, the unit of force would, in either 
system, be — of that founded on the second as unit. 

A table of the dimensions of every unit adopted in the present treatise is 
given in § 55. 


Part I,—Tnz Measvrement or Maereric PHENOMENA. 


5. Magnets and Magnetic Poles.—Certain natural bodies, as the iron ore 
called loadstone, the earth itself, and pieces of steel after being subjected to 
certain treatment, are found to possess the following properties, and are 
called magnets. 

If one of these bodies be free to turn in any direction, the presence of 
another will cause it to set itself in a position which is conveniently described 
or defined by reference to certain imaginary lines occupying a fixed position 
in the two bodies, and called their magnetic axes. One object of our magnetic 
measurements will be to determine the force which one magnet exerts upon 
another. It is found by experiment that the greatest manifestation of force 
exerted by one long thin magnet on another occurs very near the ends of the 
two bars, and that the two ends of any one long thin magnet possess opposite 
qualities. This peculiarity has caused the name of “ poles” to be given to 
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the ends of long magnets; and this conception of a magnet, as having two 
poles capable of exerting opposite forces joined by a bar exerting no force, is 
s) much the most familiar that we shall not hesitate to employ it, especially 
as many of the properties of magnets may be correctly expressed in this way ; 
vut it must be borne in mind, in speaking of poles, that they do not really 
exist as points or centres of force at the ends of the bar, except in the case of 
log. infinitely thin, uniformly magnetized rods. 

If we mark the poles of any two magnets which possess similar qualities, 
we find that the two marked poles repel each other, that two unmarked poles 
uso repel each other; but that a marked and an unmarked pole attract each 
other. The pole which is repelled from the northern regions of the earth is 
called a positive pole ; the other end the negative pole. The negutive pole is 
generally marked N by British instrument-makers, and is sometimes called 
the north pole of the magnet, whereas it is obviously similar to the earth’s 
wath pole. 

The strength of a pole is necessarily defined as proportional to the force it 
's capable of exerting on any other pole. Hence the force f exerted between 
two poles of the strengths m and m, must be proportional to the product m m,. 
The foree, f, is also found to be inversely proportional to the square of the 
cztance, D, separating the poles, and to depend on no other quantity ; hence 
we have, unless an absurd and useless coefficient be introduced, 

mm, 


=. lw ° e ° e e e e ° e (1) 

J? 
From which equation it follows that the unit pole will be that which at unit 
distance repels another similar pole with unit force; f will be an attraction 
or a repulsion according as the poles are of opposite or the same kinds. The 


s Mt 
dimensions of the unit magnetic pole are oe . 


6. Magnetic Field.—It 1s clear that the presence of a magnet in some way 
modifies the surrounding space, since any other magnet brought into that 
epace experiences a peculiar force. The neighbourhood of a magnet is, for 
convenience, called a magnetic field; and for the same reason the effect pro- 
cuced by a magnet is often spoken of as due to the magnetic field, instead of 
to the magnet itself. This mode of expression is the more proper, inasmuch 
as the aame or a similar condition of space may be produced by the passage 
of electrieal currents in the neighbourhood, without the presence of a magnet. 
“ince the peculiarity of the magnetic field consists in the presence of a certain 
force, we may numerically express the properties of the field by measuring 
the strength and direction of the force, or, as it may be worded, the intensity 
cf the field and the direction of the lines of force. 

This direction at any point is the direction in which the force tends to move 
a free pole; and the intensity, H, of the field is necessarily defined as propor- 
tional to the force, f, with which it acts on a free pole; but this force, f, is also 
proportional to the strength, m, of the pole introduced into the field, and it 
depends on no other quantities ; hence ; 7 

fomH, 2. . 1 2 ee ee ee 62) 
snd therefore the field of unit intensity will be that which acts with unit 
foree on the unit pole. 

The dimensions of H are MT 


LAT 
The lines of force produced by a long thin bar-magnet near its poles will 
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radiate from the poles, and the intensity of the field will be equal to the 
quotient of the strength of the pole divided by the squaro of the distance 
from the pole; thus the unit field will be produced at the unit distance from 
the unit pole. In a uniform magnetic field the lines of force, as may be 
demonstrated, will be parallel; such a field can only be produced by special 
combinations of magnets, but a small field at a great distance from any one 

le will be sensibly uniform. Thus, in any room unaffected by the necigh- 
Pourhood of iron or magnets, the magnetic field due to the earth will be 
sensibly uniform ; its direction will be that assumed by the dipping-needle. 

7. Magnetic Moment.—In reality we can never have a single pole entirely 
free or disconnected from its opposite pole, and it is time to pass to the con- 
sideration of the effect produced on a material bar-magnet in a magnetic field. 
In a uniform field two equal opposite and parallel forces act on its poles, and 
tend to set it with the line joining those poles in the direction of the force of 
the field. When the magnet is so placed that the line joining the poles is at 
right angles to the lines of force in the field, this tendency to turn or “ couple,” 
G, is proportional to the intensity of the field, H, the strength of the poles, m, 
and the distance between them, /; or 

G=mlH.. . 2. . 1. 1 ee ee (8) 
ml, or the product of the strength of the poles into the length between them, 
is called the magnetic moment of the magnet ; and from equation (3) it follows 
that, in a field of unit intensity, the couple actually experienced by any 
magnet in the above position measures its moment. The dimensions of the 
| 4 

unit of magnetic tnoment are evidently ae. 

8. Intensity of Magnetization.—The intensity of magnetization of a magnet 
may be measured by its magnetic moment divided by its volume. 


+ 

fhe dimensions of tho unit of magnetization are therefore = ; 
the same as in the case of intensity of field. 

9. Coefficient of Magnetic Induction—When eertain bodies, such as soft 
iron, &c., are placed in the magnetic field, they become magnetized by ‘“‘ induc- 
tion”; so that the intensity of magnetization is (except when great) nearly 
proportional to the intensity of the field. 

{n diamagnetic bodies, such as bismuth, the direction of magnetisation is 
opposite to that of the field. In paramagnetic bodies, such as iron, nickel, &., 
the direction of magnetization is the same as that of the field. 

The coefficient of magnetic induction is the ratio of the intensity of mag- 
netization to the intensity of the field, and is therefore a numerical quantity, 
posifive for paramagnetic bodies, negative for diamagnetic bodies. 

10. Magnetic Potentials and Equipotential Surfaces —If we take 8 very 
long magnet, and, keeping one pole well out of the way, move the other pole 
from one point to another of the magnetic field, we shall find that the forces 
in the field do work on the pole, or that they act as a resistance to its motion, 
according as the motion is with or contrary to the force acting on the pole. 
If thé pole moves at right angles to the force, no work is done. 

The magnetic potential at any point in a magnetic field is measured by the 
work done by the magnetic forces on a unit. pole during its motion from an 
infinite distance from the magnet prodticing the field to the point in question, 
supposing the unit pole to exercise no influence on the magnetic field in 
question. The idea of potential as a mathematical quantity having different 
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values at different points of space, was brought into form by Laplace*. The 
rmme of potential, and the application to a great number of electric and 
magnetic Investigations, were introduced by George Green, in his Essay on 
Lectricity (Nottingham, 1828). | . 

An equipotential surface in a magnetic field is a surface so drawn, that the 
potential of all its points shall be equal. By drawing a series of equipotential 
curfes corresponding to potentials 1,2,3...... nm, We may map out 
any magnetic field, so as to indicate its properties. 

The magnetic force at any point is perpendicular to the equipotential sur- 
face at that point, and its intensity is the reciprocal of the distance between 
oe surface and the next at that point. The dimensions of the unit of mag- 
ntie potential are Lt 

potential are 4 

ll. Lanes of Magnetic Force.—There is another way of exploring the 
magnetic eld, and indicating the direction and magnitude of the force at 
my pont. The conception and application of this method in all its com- 
pleteness is due to Faraday. The full importance of this method cannot be 
recognised till we come to electromagnetic phenomena (§§ 22, 23, & 24). 

Ale, whose direction at any point always coincides with that of the force 
acting on the pole of a magnet at that point, is called a line of magnetic force. 
By drawing a sufficient number of such lines, we may indicate the diree- 
ton of the force in every part of the magnetic field; but by drawing them 
scoring to rule, we may indicate the intensity of the force at any point 
as well as its direction. If has been shown{ that if, in any part of 
their course, the number of lines passing through unit of area is proportional 
to the intensity there, the same proportion between the number of lines in 
unt of area and the intensity will hold good in every part of the course of 
the lines. 

All that we have to do, therefore, is to space out the iines in any part of 
their course, so that the number of lines which start from unit of area is 
smal to the number representing the intensity of the field there. The 
intensity at any other part of tho field will then be measured by the number 
of times which pass through unit of area there; each line indicates a constant 
and equal force. 

12. Relation between Lanes of Force and Equipotential Surfaces.—The lines 
ef force are always perpendicular to the equipotential surfaces; and the 
sumber of ines passing through unit of area of an equipotential surface is 
the reciprocal of the distance between that equipotential surface and the next 
in order—a statement made above in slightly different language. 

In a uniform field the lines of force are straight, parallel, and equi- 
Gstent; and the equipotential surfaces are planes perpendicular to the lines 
‘f force, and equidistant from each other. 

If one magnetic pole of strength m be alone in the field, its lines of 
foree are straight lines, radiating from the pole equally in all directions ; 
wad their number is 4xm. The equipotential surfaces are a series of spheres, 
whose centres are at the pole, and whose radii are m, 4m, 4m, 1m, &. In 
other magnetic arrangements these lines and surfaces are more complicated, 
hat im all cases the calculation is simple; and in many cases the lines and 
verfaces ean be graphically constructed without any calculation. 


© Mécanique Céleste, liv. iii. 
Expersmental Researches, vol. iii. art. 3122 e¢ passim. 
t Vide Maxwell on Faradsy’s Lines of Force, Cambridge Phil. Trans. 1857. 
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Part ITI.—Mxasvrement oF Execrric PHenoMeENA BY THEIR ELEcTRO- 
MAGNETIC EFFECTS. 


13. Preliminary.— Before treating of electrical measurements, the exac: 
meaning in which the words “ quantity,” “current,” “ electromotive force,’ 
and “ resistance” are used will be explained. But, in giving these explana- 
tions, we shall assume the reader to be acquainted with the meaning of such 
expressions a8 conductor, insulator, voltaic battery, &c. 

14, Meaning of the words “ Electric Quantity.””—When two light conduct- 
ing bodies are connected with the same pole of a voltaic battery, while the 
other pole is connected with the earth, they may be observed to repel one 
another. The two poles produce equal and similar effects. When the two 
bodies are connected with opposite poles, they attract one another. Bodies, 
when in a condition to exert this peculiar force one on the other, are said to 
be electrified, or charged with electricity. These words are mere names given 
to a peculiar condition of matter. Ifa piece of glass and a piece of resin are 
rubbed together, the glass will be found to be in the same condition as an 
insulated body contected with the copper pole of the battery, and the resin 
in the same condition as the body connected with the unc pole of the 
battery. The former is said to be positively, and the latter negatively 
electrified. The propriety of this antithesis will soon appear. The force with 
which one electrified body acts on another, even at a constant distance, varies 
with different circumstances. When the force between the two bodies at a 
constant distance, and separated by air, is observed to increase, it is said to 
be due to an increase in the quantity of electricity ; and the quantity at any 
spot is defined as proportional to the force with which it acts, through air, on 
some other constant quantity at a distance. If two bodies, charged each 
with a given quantity of electricity, are incorporated, the single body thus 
composed will be charged with the sum of the two quantities. It is this fact 
which justifies the use of the word “ quantity.” 

Thus the quality in virtue of which a body exerts the peculiar force 
described is called electricity, and its quantity is measured (ceteris parwbus) 
by measuring force. 

The quantity thus defined produced on two similar balls similarly circum- 
stanced, but connected. with opposite poles of a voltaic battery, is equal, but 
opposite ; so that the sum of these two equal and opposite quantities is zero ; 
hence the conception of positive and negative quantities. 

In speaking of a quantity of electricity, we need not conceive it as a sepa- 
rate thing, or entity distinct from ponderable matter, any more than in 
speaking of sound we conceive it as having a distinct existence. Still it is 
convenient to speak of the intensity or velocity of sound, to avoid tedious 
circumlocution ; and quite similarly we may speak of electricity, without for 
a moment imagining that any real electric fluid exists, 

The laws according to which the force described varies, as the shape of the 
conductors, their combinations, and their distances are varied, have been 
established by Coulomb, Poisson, Green, W. Thomson, and others. These 
will be found accurately described, independently of all hypothesis, in papers 
by Professor W. Thomson, published in the Cambridge Mathematical Journal, 
vol. 1. p. 75 (1846), and a series of papers in 1848 and 1849. 

15. Meaning of the words “ Electric Ourrent.””—When two balls charged by 
the opposite poles of a battery, with opposite and equal quantities of elec- 
tricity, are joined by a conductor, they lose in a very short time their pect- 
liar properties, and assume a neutral condition intermediate between the 
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pxitive and negative states, exhibiting no electrical symptoms whatever, and 
bence deserbed as unelectrified, or containing no electricity. But, during the 
iss: moment of their junction, the conductor is found to possess certain new 
aid peculiar properties: any one part of the conductor exerts a force upon 
any other part of the conductor; it exerts a force on any magnet in the 
neighbourhood ; and if any part of the conductor be formed by one of those 
compound bodies called electrolytes, a certain portion of this body will be 
tecomposed. These peculiar effects are said to be due to a current of elec- 
wiaty m the conductor. The positive quantity, or excess, is conceived as 
sowing into the deficiency caused by the negative quantity ; so that the whole 
‘sabmation is reduced to the neutral condition. This neutral condition is 
-nilar to that of the earth where the experiment is tried. If the balls are 
ccotinually recharged by the battery, and discharged or neutralized by the 
wire, a rapid succession of the so-called currents will be sent; and it is 
fund that the force with which a magnet is deflected by this rapid stucces- 
son of currents is proportional (ceteris paribus) to the quantity of electricity 
paused through the conductor or neutralized per second ; it is also found that 
the amount of chemical action, measured by the weights of the bodies decom- 
peed, is proportional to the same quantity. The currents just described are 
intermittent ; but a wire or conductor, used simply to join the two poles of a 
tattery, acquires permanently the same properties as when used to discharge 
the balla as above with great rapidity ; and the greater the rapidity with 
which the balls are discharged, the more perfect the similarity of the con- 
dition of the wire in the two cases. The wire in the latter case is therefore 
sad to convey a permanent current of electricity, the magnitude or strength 
of which is defined as proportional to the quantity conveyed per second. 
Ths definition is expressed by the equation 


ome ee 


where C is the current, Q the quantity, and ¢ the time. A permanent current 
‘owing through a wire may be measured by the force which it exerts on a 
magnet; the actual quantity it conveys may be obtained by comparing this 
torce with the force exerted under otherwise similar conditions, when a 
known quantity is sent through the same wire by discharges. The strength 
of a permanent current is found at any one time to be equal in all parts of 
the conductor. Conductors conveying currents exert a peculiar force one 
upon another; and during their increase or decrease they produce currents 
ii neighbouring conductors. Similar effects are produced as they approach 
or recede from neighbouring conductors. The laws according to which 
currents act upon magnets and upon one another will be found in the writings 
of Ampére and Weber. 
16. Meaning of the words “ Electromotive Force.” —Hitherto we have spoken 
amply of statical effects ; but it is found that a current of electricity, as above 
cannot exist without effecting work or its equivalent. Thus it 
ther heats the conductor, or raises a weight, or magnetizes soft iron, or 
eects chemical decomposition ; in fine, in some shape it effects work, and 
this work bears a definite relation to the current. Work done presupposes 
& force in action. The immediate force producing a current, or, in other 
Words, causing the transfer of a certain quantity of electricity, is called an 
electromotive force. This force is necessarily assumed as ultimately due to 
thet part of a circuit where a “degradation” or consumption of energy takes 
place; thus we speak of the electromotive force of the voltaic or thermo- 
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electric couple; but the term is also used independently of the source of 
power, to express the fact that, however eaused, a certain force tending to do 
work by setting electricity in motion does, under certain circumstances, 
exist between two points of a conductor or between two separate bodies. But 
equal quantities of electricity transferred in a given time do not necessarily or 
usually produce equal antiounts of work; and the electromotive force between 
two points, the proximate cause of the work, is defined as proportional to the 
amount of work done between those points when a given quantity of elec- 
tricity is transferred from one point to another. Thus if, with equal currents 
in two distinct conductors, the work done in the one is double that done in 
the second in the same time, the electromotive force in the first case is said 
to be double that in the second; but if the work done in two circuits is 
found strictly proportional to the two currents, the electromotive force acting 
on the two currents is said to be the same. Defined in this way, the electro- 
motive force of a voltaic battery is found to be constant so long as the 
materials of which it is formed remain in a similar or constant condition. 
The above definitions, in mathematical language, give W==ECz, 


WwW 

or =o ct tt te t 
where E is the electromotive force, and W the work done. Thus the elece- 
tromotive force producing a current in a conductor is equal to the ratio 
between the work done in the unit of time and the current effecting the 
work. This conception of the relations of work, electromotive force, current, 
and quantity will be aided by the following analogy :—A quantity of clec- 
tricity may be compared to a quantity or given mass of water; currents of 
water in pipes in which equal quantities passed cach spot in equal times 
would then correspond to equal currents of electricity ; electromotive force 
would correspond to the head of water producing the current. Thus if, with 
two pipes conveying equal currents, the head forcing the water through the 
first was double that forcing it through the second, the work done by the 
water in flowing through the first pipe would necessarily be twice that done 
by the water in the second pipe; but if twice as much water passed through 
the first pipe as passed through the second, the work done by water in the 


first pipe would again be doubled. This corresponds exactly with the | 
- increase of work done by the electrical current when the electromotive force | 


is doubled, and when the quantity is doubled. 

Thus, to recapitulate, the quality of a battery or source of electricity, im 
virtue of which it tends to do work by the transfer of electricity from one 
point to another, is called its electromotive force, and this force is measured 
by measuring the work done during the transfer of a given quantity of 
electricity between those points. The relations between dlectromotive force 
and work were first fully explained in a paper by Professor W. Thomson on 
the application of the principle of mechanical effect to fhe measurement of 
electromotive forces published in the Philosophical Magazino for December 
1851. 


17. Meaning of the words “ Electric Resistance.” —It is found by experiment. 


that even then the electromotive force between two points remains constant. 
so that the work done by the transfer of a given quantity of electricity 
remains constant, nevertheless, by modifying the material and form of the 
conductor, this transfer may be made to take place in very different times: 


or, in other words, currents of very different magnitudes are produced, and | 


very different amounts of work are done, in the unit of time. The quality of 
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the conductor in virtue of which it prevents the performance of more than a 
cextam amount of work in a given time by a given electromotive force is 
called its electrical resistance. The resistance of a conductor is therefore 
mversely proportional to the work done in it when a given electromotive 
foree 8 maintained between its two ends; and hence, by equation (5), it is 
mversely proportional to the currents which will then be produced in the 
respective conductors. © But it is found by experiment that the current pro- 
ésced in any case in any one conductor is simply proportional to the electro- 


motive force between its ends; hence the ratio rr will be a constant quantity, 


* whieh the resistance as above defined must be proportional, and may with 
“savenience be made equal; thus 
E 


ak 5 


an equation expressing Ohm’s law. In order to carry on the parallel with 
2 pipes of water, the resistance overcome by the water must be of such 
nature that twice the quantity of water will flow through any one pipe when 
twice the head is applied. This would not be the result of a constant me- 
chanical resistance, but of a resistance which increased in direct proportion 
to the speed of the current; thus the electrical resistanee must not be looked 
ca a@ analogous to a simple mechanical resistance, but rather to a coefficient 
py which the speed of the current must be multiplied to obtain the wholo 
mechamecal 


: resistance. Thus if the electrical resistance of a conductor be 
called R, the work, W, is not equal to CRé, but Cx CR x, or 
W= C7Rz $, ° ° ° Py e ° e . e e (7) 


where C may be looked on as analogous to a quantity moving at a certain 
speed, and CR a8 analogous to the mechanical resistance which it meets with 
in its progress, and which increases in direct proportion to the quantity con- 
tered in the unit of time. 

18. Measerement of Electric Currents by their Action on a Magnetic 
Needle.—In 1820, Oersted discovered the action of an electric current upon 
& magnet at a distance, and one method of measurement may be based on 
this action. Let us suppose the current to be in the circumference of a 
vertical circle, so that in the upper part it runs from left to right. Then a 
magnet suspended in the centre of the circle will turn with the end which 
points to the north away from the observer. This may be taken as the 
simplest case, as every part of the circuit is at the same distance from the 
magnet, and tends to turn it the same way. The force is proportional to 
the moment of the magnet, to the strength of the current as defined by 
& 15, to ita length, and inversely to the square of its distance from the 


magnet. 

Let the moment of the magnet be mi, the strength of the current C, the 
radrus of the circle &, the number of times the current passes round the 
circle n, the angle between the axis of the magnet and the plane of the 
cirdle 0, and the moment tending to turn the magnet G, then 


G=miC. Qenk 5, 0086, . te eee 8) 


which will be unity if mi,C,%, and the length of the circuit be unity, 
and if @= (0°. 


© By equation (5) we have W =OE*; but by equation (6)R==, hence W = (7R/.—Q.E.D. 
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The unit of current founded on this relation, and called the electromag- 
netic unit, is therefore that current of which the unit of length placed along 
the circumference of a circle of unit radius produces a unit of magnetic force 
at the centre. 

The usual way of measuring C, the strength of a current, is by making it 
describe a circle about a magnet, the plane of the circle being vertical and 
magnetic north and south. Thus, if H be the integsity of the horizontal 
component of terrestrial magnetism, and G the moment of this on the mag- 
net, G=mlH sin 0, whence the strength of the current— 


Ie 
C=>—Htané,. . . . 1. 6 (9) 


where & is the radius of the circle, n the number of turns, H the intensity 
of the horizontal part of the earth’s magnetic force as determined by the 
usual method, and 6 the angle of deviation of the magnet suspended in the 
centre of the circle. As the strength of the current is proportional to the 
tangent of the angle 0, an instrument constructed on this plan is called a 
tangent galvanometer. The instrument called a sine galvanometer may 
also be used, provided the coil is circular. The equation is similar to that 
just given, substituting sin 6 for tan @. 

To find the dimensions of C, we must consider that what we observe is 
the force acting between a magnetic pole, m, and a current of given length, L, 


at a given distance, L,, and that this force ae Hence the dimensions of C, 
y] 


an electric current thus measured, are i . 

19. Measurement of Electric Currents by their mutual action on one another. 
—Hitherto we have spoken of the measurement of currents as dependent on 
their action upon magnets; but this measurement in the same units can as 
simply be founded on their mutual action upon one another. Ampére has in- 
vestigated the laws of mechanical action between conductors carrying currents. 
He has shown that the action of a small closed circuit at a distance is the 
same as that of a small magnet, provided the axis of the magnet be placed 
’ normal to the plane of the circuit, and the moment of the magnet be equal 
to the product of the current into the area of the circuit which it traverses. 

Thus, let two small circuits having areas Aand A, be placed at a great distance 
D from each other in such a way that their planes are at right angles to each 
other, and that the line D is in the intersection of the planes. Now let cur- 
rents C and C, circulate in these conductors; a force will act between them 
tending to make their planes parallel, and the direction of the currents op- 
posite. The moment of this couple will be 


ACxA 
a CD 
Hence the unit electric current conducted round two circuits of unit area 
in vertical planes at right angles to each other, one circuit being at a great 
distance, D, vertically above the other, will cause a couple to act between the 


circuits of a magnitude a The definition of the unit current (identical with 


the unit founded on the relations given in § 18) might be founded on this 
action quite independently of the idea of magnetism. 
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20. Weber’s Electro- Dynamometer.—The measurement described in the last 
paragraph is only accurate when D is very great, and therefore the moment to be 
measured very small. Hence it is better to make the experimental measure- 
ments inanother form. For this purpose, let a length (7) of wire be made into 
a curcalar coil of radius & ; let a length (/,) of wire be made into a coil of very 
much smaller radius, k,. Let the second coil be hung in the centre of the 
frst, the planes being vertical and at the angle 6. Then, if a current C tra- 
ee both coils, the moment of the force tending to bring them parallel 

G=4c? “ sin a, sce eee eevee (Il) 


This force may be measured in mechanical units by the angle through 
which it turns the suspended coil, the forces called into play by the mecha- 
ucal arrangements of suspension being known from the construction of the 
instrument. Weber used a bifilar suspension, by which the weight of the 
smaller coil was used to resist the moment produced by the action of the 
carrents, 

21. Comparison of the Electro-magnetic and Electro-chemical action of 

, Cwerents.—Currents of electricity, when passed through certain compound 
substances, decompose them; and it is found that, with any given substance, 
the weight of the body decomposed in a given time is proportional to the 
strength of the current as already defined with reference to its electromagnetic 
effect, The voltameter is an apparatus of this kind, in which water is the sub- 
stance decomposed. Special precautions have to be taken, in carrying this 
method of measurement into effect, to prevent variations in the resistance of 
the cirenit, and consequently in the strength of the current. This subject is 
more fally treated in Part V. §§ 53, 54. 

22. Magnetic Field near a Current,—Since a current exerts a force on the 
pole of a magnet in its neighbourhood, it may be said to produce a magnetic 
field (§ 6), and, by exploring this field with a magnet, we may draw lines of 
foree and equipotential surfaces of the same nature as those already described 
for magnetic fields caused by the presence of magnets. 

When the current is a straight line of indefinite length, like a telegraph- 
wire,a magnetic pole in its neighbourhood is urged by a force tending to turn 
it round the wire, so that this force is at any point perpendicular to the plane 
pessing through this point and the axis of the current. 

The equipotential surfaces are therefore a series of planes passing through 
the axis of the current, and inclined at equal angles to each other. The 
number of these planes is 4 C, where C is the strength of the current. 

The lines of magnetic force are circles, having their centres in the axis of 
the current, and their planes perpendicular to it. The intensity of the mag- 
netic force at a distance, k, from the current is the reciprocal of the distance 


between two equipotential surfaces, which shows the force to be aad 


The work done on a unit magnetic pole in going completely round the 
current is 4¢ C, whatever the path which the pole describes. 

23. Mechanical Action of a Magnetic Field on a closed Conductor conveying a 
Current.—When there is mechanical action between a conductor carrying a 
Curent and a magnet, the force acting on the conductor must be equal and 
opposite to that acting on the magnet. Every part of the conductor is there- 
fore acted on by a force perpendicular to the plane passing through its own 
direction and the lines of magnetic force due to the magnet, and equal to the 
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product of the length of the conductor, into the strength of the current, the 1m — 

tensity of the magnetic field, and the sine of the angle between the lines o1 
force and the direction of the current. This may be more concisely expressed 
by saying, that if a conductor carrying a current is moved in a magnetic field, 
the work done on the conductor by the electromagnetic forces is equal to the 
product of the strength of the current into the number of lines of force whic In 
it cuts during its motion. 

Hence we arrive at the following general law, for determining the mecha — 
nical action on a closed conductor carrying a current and placed in a magnetic 
field :— 

Draw the lines of magnetic force. Count the number which pass through 
the circuit of the conductor, then any motion which increases this number 
will be aided by the electromagnetic forces, so that the work done during the 
motion will be the product of the strength of the current and the number of 
additional lines of force. 

For instance, let the lines of force be due to a single magnetia pole af 
strength m. These are 4xm in number, and are in this case straight lines 
radiating equally in all directions from the pole. Describe a sphere about 
the pole, and project the circuit on its surface by lines drawn to the pole. 
The surface of the area so described on the sphere will measure the solid 
angle subtended by the circuit at the pole. Let this solid angle =a, then 
the number of lines passing through the closed surface will be mw; and if C 
be the strength of the current, the amount of work done by bringing the 
magnet and circuit from an infinite distance to their present position will be 
Cmw. This shows that the magnetic potential of a closed circuit carrying a 
unit current with respect to a unit magnetic pole placed at any point is equal 
to the solid angle which the circuit subtends at that point. 

By considering at what points the circuit subtends equal solid angles, we 
may form an idea of the surfaces of equal: potential. They form a series of 
sheets, all intersecting each other in the circuit itself, which forms the boun- 
dary of every sheet. The number of sheets is 4x C, where C is the strength 
of the current. The lines of magnetic force intersect these surfaces at nght 
angles, and therefore form a system of rings, encircling every pomt of the 
circuit. When we have studied the general form of the lines of force, we can 
form some idea of the electromagnetic action of that current, after which the 
difficulties of numerical calculation arise entirely from the imperfection of our 
mathematical skill. 

24. General Law of the Mechanical Action between Electric Ourrents and 
other Electric Currents or Magnets.—Draw the lines of magnetic force due to 
all the currents, magnets, &c., in the field, supposing the strength of each 
current or magnet to be reduced from its actual value to unity. Call the 
number of lines of force due to a circuit or magnet, which pass through 
another circuit, the potential coefficient between the one and the other. This 
number is to be reckoned positive when the lines of force pass through the 
circuit in the same direction as those due to a current in that circuit, and 
negative when they pass in the opposite direction. 

If we now ascertain the change of the potential coefficient due to any dis- 
placement, this increment multiplied by the product of the strengths of the 
currents or magnets will be the amount of work done by the mutual action of 
these two bodies during the displacement. The determination of the actual 
value of the potential coefficient of two things, in various cases, 18 an import- 
ant part of mathematics as applied to electricity. (See the mathematical dis- 
cussion of the experiments, Appendix D.) 
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/ 3. Batromagnetuc Measurement of Electric Quantity —aA conducting body 
/ neited at all points from the neighbouring conductors may ‘th various ways 
weketrifed, or made to hold a quantity of electricity. This quantity (§ 14) _ 
ppefeetly definite in any given circumstances; it cannot be augmented or 
tnuished co long as the conductor is insulated, and is called the charge of 
he conductor. Its magnitude depends on the dimensions and shape and 
pate of the insulated and the neighbouring conductors, on the insulating 
niterul, and finally on the electromotive force between the insulated and the 
vghburing conductors, at the moment when the charge was produced. The 
vi-inown Leyden jar is am arrangement by which a considerable charge 
wabeotained on a small conductor with moderate electromotive force be- 
tren the inner and outer coatings which constitute respectively the “ insu- 
ted” and “neighbouring ”? conductors referred to in general. We need not 
eter into the general laws determining the charge, since our object is only 
wthow how it may be measured when already existing ; but it may be well 
»stute that the quantity om the charged insulated conductor necessarily im- 
Hs m equal and opposite quantity on the surrounding or neighbouring 
actors. 

We have already defined the magnitude of a current of electricity as sim- 
py peportional to the quamtity of electricity conveyed in a given time, and 
¥? bare shown a method of measuring currents consonant with this definition. 

fie mit quantity will, therefore, be that conveyed by the unit current as 
shore defined in the unit of time. Thus, if a unit current is allowed to flow 
for a unit of time in any wire connecting the two coatings of a Leyden phial, 
the quantity which one coating loses, or which the other gains, is the electro- 
magnetic unit quantity®. The measurement thus defined of the quantity in 
a given statical charge can be made by observing the swing of a galvanometer- 
needle produced by allowing the charge to pass through the coil of the galva- 
rometer in a time extremely short compared with that occupied by an oscil- 

lahoa of the needle. . 

Let Q be the whole quantity of electricity in an instantaneous current, then 


Qa2 Sa sin Ji, tee ee eee (18) 


where C_=the strength of a current giving a unit deflection (45° on a tangent 
ar 2 on a sine galvanometer), t= half the period or time of a complete 
criilation of the needle of the galvanometer under the influence of terrestrial 
magactian alane, and 7= the angle to which the needle is observed to swing 
fre a position of rest, when the discharge takes place; ©, is a constant 
which need only be determined once for each instrument, provided the hori- 
agatal farce of the earth’s magnetism remain unchanged. In the case of the 
tangent galvanometer, the formula for obtaining it has already been given. 
Frem equations (9) and (12) we have for a tangent galvanometer 


Qu Hien, 2 6. es (18) 
= 
where, as before, i= the radius of the coil, and m= the number of turns 
made by the wire round the coil. 

The quantity in a given charge which can be continually reproduced under 
fixed conditions may be measured by allowing a succession of discharges to 
peas at regular and yery shart intervals through 9 galvanometer, go 9g to pro- 


© Weber calls this quantity two unite—a fact which must not pe lost sight pf in com- 
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duce a permanent deflection. The value of a current producing this deflection 
can be ascertained, and the quotient of this value by the number of discharges 
taking place in the “second,” gives the value of each charge in electromag- 
netic measure. 

To find the dimensions of Q, we simply observe that the unit of electricity 
is that which is transferred by the unit current in the unit of time. Multi- 


plying the dimensions of C by T, we find the dimensions of Q are L? M?. 
26. Electric Capacity of a Conductor.—lIt is found by experiment that, 
other circumstances remaining the same, the charge on an insulated conductor 
is simply proportional to the electromotive force between it and the surround- 
ing conductors, or, in other words, to the difference of potentials (47). The 
charge that would be produced by the unit electromotive force is said to 
measure the electric capacity of a conductor. Thus, generally, the capacity 


of a conductor S= 2, where Q is the whole quantity in the charge produced 


by the electromotive force, E. When the electromotive force producing the 
charge is capable of maintaining a current, the capacity of the conductor may 
be obtained without a knowledge of the value either of Q or E, provided we 
have the means of measuring the resistance of a circuit in electromagnetic 
measure. For let R be the resistance of a circuit, in which the given elec- 
tromotive force, E, will produce the unit deflection on a tangent galvanometer, 
then, from equations (6) and (12), we have 


gao sind 


3 e ° 
wh, 


where ¢ and z retain the same signification as in equation (18) (§ 25). 
27. Direct Measurement of Electromotive Force.—The meaning of the words 
* electromotive force” has already been explained (§ 16) ; this force tends to 
do work by means of a current or transfer of electricity, and may therefore 
be said to produce and maintain the current. In any given combination in 
which electric currents flow, the immediate source of the power by which the 
work is done is said to produce the electromotive force. The sources of power 
producing electromotive force are various. Of these, chemical action in the 
voltaic battery, unequal distribution of temperature in circuits of different 
conductors, the friction of different substances, magnetoelectric induction, 
and simple electric induction are the most familiar. An electromotive force 
may exist between two points of a conductor, or between two points of an 
insulator, or between an insulator and a conductor,—in fine, between any 
points whatever. This electromotive force may be capable of maintaining a 
current for a long time, as in a voltaic battery, or may instantly cease after 
producing a current of no sensible duration, as when two points of the atmo- 
sphere at different potentials (§ 47) are joined by a conductor; but in every 
case in which a constant electromotive force, E, is maintained between any two 
points, however situated, the work spent or gained in transferring a quantity, 
Q, of electricity from one of those points to the other will be constant; nor 
will this work be affected by the manner or method of the transfer. If the 
electricity be slowly conveyed as a static charge on an insulated ball, the work 
will be spent or gained in accelerating or retarding the ball; if the electricity 
be conveyed rapidly through a conductor of small resistance, or more slowly 
through a conductor of great resistance, the work may be spent in heating 
the conductor, or it may electrolyze a solution, or be thermoelectrially or 
*hanically used; but in all cases the change effected, measured as equiva- 


wee ew we (14) 
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lent te work done, will be the same, and equal to EQ. Hence the electro- 
motive force between two points is unity, if a unit of mechanical work is spent 
(oF guined) in the transfer of a unit of electricity from one point to the other. 
This general definition is due to Professor W. Thomson. 

The direct measurement of electromotive force would be given by the mea- 
sure, m any given case, of the work done by the transfer of a given quantity 
of electricity. The ratio between the numbers measuring the work done, and 
the quantity transferred, would measure tho electromotive force. This mea- 
serement has been made by Dr. Joule and Professor Thomson, by determining 
the heat developed in a wire by a given current measured as in (§ 18)*. 

28. Inderect Measurements of Electromotive Force.—The direct method of 
measurement is in most cases inconvenient, and in many impossible; but the 
indirect methods are numerous and easily applicd. The relation between the 
earrent, C, the resistance, R, and the electromotive force, E, expressed by 
Obm's law (equation 6), will determine the electromotive force of a battery 
wkenever R and C are known. A second indirect method depends on the 
mesurement of the statical force with which two bodies attract one another 
whea the given electromotive force is maintained between them. This me- 
thod is fally treated in Part IV.(43). The phenomenon on which it is based 
admits of an easy comparison between various electromotive forces by electro- 
meters, This method is applicable even to those cases in which the electro- 
motive foree to be measured is incapable of maintaining a current. The laws 
of chemical electrolysis and electromagnetic induction afford two other indirect 
methods of estimating electromotive force in special cases (54 and 31). 

29. Measurement of Electric Resistance.—We have already stated that the 
reustance of a conductor is that property in virtue of which it limits the 
amount of work performed by a given electromotive force in a given time, 


and we have shown that it may be measured by the ratio e of the elec- 


tromotive force between two ends of a conductor to the current maintained 
by it. The unit resistance is, therefore, that in which the unit electromotive 
foree produces the unit current, and therefore performs the unit of work in 
the unit of time. If in any circuit we can measure the current and electro- 
motive force, or even the ratio of these magnitudes, we should, tpso facto, 
have measured the resistance of the circuit. The methods by which this 
ratio has been measured, founded on the laws of electromagnetic induction, 
are fally described in Appendix D. Other methods may be founded on the 
measurement of currents and electromotive forces, described in 18, 19, 20, 27, 
and 28. Lastly, a method founded on the gradual loss of charge through very 
great resistances will be found in Part IV. (45). The equation (25) there 
given for electrostatic measure is applicable to electromagnetic measure when 
the capacity and difference of potentials are expressed in electromagnetic units. 
30. Electric Resistance in Electromagnetic Units ts measured by an Absolute 
Velocity.—The dimensions of R are found, by comparing those of E and C, 


to be ~ or those of a simple velocity. This velocity, as was pointed out by 


Weber, is an absolute velocity in nature, quite independent of the magnitude 
of the fandamental units in which it is expressed. The following illustration, 
due to Professor Thomson, will show how a velocity may express a resist- 
tace, and also how that expression may be independent of the magnitude of 
the units of time and space. 


© Phil. Mag. vol. ii, 4th Ser. 1861, p. 661. 
1863, L 
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Let a wire of any material be bent into an aro of 574° with any redius, & 
Let this ara be placed in the magnetic meridian of any magnetic field, with ; 
magnet of any strength freely suspended in the centre of the are, Let twi 
vertical wires or rails, separated by a distance equal to k, be attached to thy 
ends of the are; and let a cross piece slide along these rails, inducing a curren: 
in the arc. Then it may be shown that the required ta produce ¢ 
deflection of 45° on the magnet will measure the resistance of the circuit, 
which is assumed to be constant. This speed will be the same whatever be 
the value of k, or the intensity of the magnetic field, or the moment of the 
magnet. In this form the experiment could not be easily carried out; but 
if a length, 7, of wire be taken and rolled into a circular coil at the radius £, 
and the distance between the vertical rails be taken equal to a then if the 
resistance of the circuit be the same as in the previous case, the deflection of 
45° will be produced by the same velocity in the cross piece, measuring that 


resistance ; or, generally, if the distance between the rails be » ae then p 


times the velocity required to produce the unit deflection (45°) will measure 
the resistance. e truth of this proposition can easily be established when 
the laws of magneto-electric induction have been understood (31). 

31. Magneto-electric Induction.—Let a conducting circuit be placed in a 
magnetic field. Let O be the intensity of any current in that cironit; E the 
magnitude of the electromotive force acting in the circuit. Let the circuit 
be so moved that the number of lines of magnetic force (11) passing through 
it is increased by N in the time ¢, then (23) the electromagnetic forces will 
contribute towards the motion an amount of work measured by CN. Now 
Q, the quantity of electricity which passes, is equal to Ct; so that the work 
done on the current ig EQ or CEt, By the principle of conservation of 
energy, the work done by the electromagnetic forces must be at the expense 
of that done by the electromotive forces, or 


oe ON +-CEi=0; 
or dividing by Ct, we find that 


Sore sw . e* 2 © &© 9 @ @ (15) 


or, in other words, if the number of lines of force passing through a circuit 
be increased, an electromotive force in the negative direction will act in the 
circuit measured by the number of lines of force added per second. 

If R be the resistance of the circuit, we have by Ohm’s law (equation 6) 


ECR, and therefore 
N=—Et=—RCit=—RQ; e e @ e q bd (16) 


or, in other words, if the number of lines of magnetic foree passing through 
the circuit is altered, a current will be produced in the cireuit in the direc- 
tion opposite to that of a current which would have produced lines of farce 
in the direction of those added, and the quantity of electricity which passes 
multiplied by the resistance of the circuit measures the number of additional 
lines passing through the circuit. 

The facts of magneto-electrio induction were discovered by Faraday, and 
described by him in the First Series of his ‘“‘ Experimental Researches in 
Hlectricity,” read to the Royal Society, 24th November, 1831. 

He has shown® the relation between the induced current and the lines of 


. © Hxperimental Researches, 8082, de., 
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foree cut by the circuit, and he has aleo described the state of a conductor. in 
a field of force as a state the change of which is a cause of currents. Hoe calls 
it the electrotonic state, and, as we have just seen, the electrotonic state may 
sh aawred by the number of lines of force which pass through the circuit 

any time, 

_ Tho measure of electromotive force used by W. Weber, and derived by him 
(independently of the principle of conservation of energy) from the motion of 
a conductor in a magnetic field, is the same as that at which we have arrived ; 
for, from equation (15), we find that the unit electromotive force will be pro- 
duced by motion in a magnetic field when one line of force is added (or sub- 
tracted) per unit of time, and this will ocour when in a field of unit intensity 
astraight bar of unit length, forming part of a circuit otherwise at rest, is 
jaldiaes unit veloctty perpendicularly to the lines of force and to its own 


To W. Weber, whose numerical determinations of electrical magnitudes are 
the starting-point of exact science in electricity, we owe this, the first defini- 
bon of the unit of electromotive force; but to Professor Helmholtz* and to 
Professor W. Thomsont, working independently of each other, we owe the 
proof of the necessary existence of magneto-electric induction and the deter- 
mnation of electromotive force on strictly mechanical principles. 

82. On Material Standards for the Measurement of Electrical Magnitudes.— 
The comparison between two different electrical magnitudes of the same na- 
tare, ¢. g. between two currents or between two resistances, is in all cases 
much simpler than the direct measurements of these magnitudes in terms of 
time, mass, and space, as described in the foregoing pages. Much labour ig, 
therefore, saved by the use of standards of each magnitude ; and the construc- 
Qon and diffusion of those standards form part of the duties of the Committee. 

Electric currents are most simply compared by “electro-dynamometers” (20) 
~— instruments which, unlike galvanometers, are practically independent of the 
intensity of the earth’s magnetism. When an instrument of this kind has 
been constructed, with which the values of the currents corresponding to 
each deflection have been measured (19, 20), other instruments may easily 
be so compared with this standard, that the relative value of the deflections 
produced by equal currents on the standard and the copies shall be known. 
Hence the absolute value of the current indicated by each deflection of each 
copy will be known in absolute measure. In other words, in order to obtain 
the electromagnetic measure of a current in the system described, each obser- 
ver In possession of an electro-dynamometer which has been compared with 
the standard instrument will simply multiply by a constant number the de- 
flection produced by the current on his instrument (or the tangent or sine of 
the deflection, according to the particular construction of the instrument). 

Electric quantities may be compared by the swing of the needle of a gal- 
vranometer of any kind. They may be measured by any one in possession of a 
standard electro-dynamometer, or resistance-coil, since the observer will then 
bein a position directly to determine C, in equation (12), or R, in equation (14). 
ies may be compared by the methods described (26); and a Leyden 
Jat or condenser (41) of unit capacity, and copies derived from it, may be pre- 
pared and distributed. The owner of such a condenser, if he can measure 

otive force, can determine the quantity in his condenser, 


e * ° ° e ° 
Paper read before the Physical Society of Berlin, 1847 (ode Taylor's Scientific 
Memoirs, part ii. Feb. 1853, p. 114). “™ ( 
t Transactions of the British Association, 1848; Phil. Mag. Deo, 1861. 
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The material standard for electromotive force derived from electromagnetic 
phenomena would naturally be a conductor of known shape and dimensions, 
moving in a known manner in a known magnetic field. Such a standard as 
this would be far too complex to be practically useful: fortunately a very 
simple and practical standard or gauge of electromotive force can be based 
on its statical effects, and will be described in treating of those effects (Part 
IV. 43). A practical standard for approximate measurements might be 
formed by a voltaic couple, the constituent parts of which were in a standard 
condition. It is probable that the Daniell’s cell may form a practical stand- 
ard of reference in this way, when its value in electromagnetic measure is 
known. This value lies between 9 x 10’ and 11 x 10". 

Resistances are compared by comparing currents produced in the several 
conductors by one and the same electromotive force. The unit resistance, 
determined as in Appendix D, will be represented by a material conductor ; 
simple coils of insulated wire compared with this standard, and issued by the 
Committee, will allow any observer to measure any resistance in electro- 
magnetic measure, 


Part [V.—Merasvrewent or Exvecretc Poenomena BY Staticat Errecrs. 


38. Electrostatic Measure of Electric Quantity.—By the application of a 
sufficient electromotive force between two parts of a conductor which does 
not form a circuit, it is possible to communicate to either part a charge of 
electricity which may be maintained in both parts, if properly insulated (14). 
With the ordinary electromotive forces due to induction or chemical action, 
and the ordinary size of insulated conductors, the charge of electricity in 
electromagnetic measure is exceedingly small ; but when the capacity of the 
conductor is great, as in the case of long submarine cables, the charge may 
be considerable. By making use of the electromotive force produced by the 
friction of unlike substances, the charge or electrification even of small bodies 
may be made to produce visible effects. The electricity in a charge is 
not essentially in motion, as is the case with the electricity in a current. 
In other words, a charge may be permanently maintained without the per- 
formance of work. Electricity in this condition is therefore frequently 
spoken of as statical electricity, and its effects, to distinguish them from 
those produced by currents, may be called statical effects. The peculiar pro- 
perties of electrically charged bodies are these :— 

1. When one body is charged positively (14), some other body or bodies 
must be charged negatively to the same extent. 

2. Two bodies repel one another when both are charged positively, or both 
negatively, and attract when oppositely charged. 

3. These forces are inversely proportional to the square of the distance of 
the attracting or repelling charges of electricity. 

4, If a body electrified in any given invariable manner be placed in the 
neighbourhood of any number of electrified bodies, it will experience a force 
which is the resultant of the forces that would be separately exerted upon it 
by the different bodies if they were placed in succession in the positions 
which they actually occupy, without any alteration in their electrical con- 
ditions. 

From these propositions it follows that, at, a given distance, the force, f, 
with which two small electrified bodies repel one another is proportional to 
the product of the charges, g and ¢,, upon them. But when the distance 
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varies, this force, f, is inversely proportional to the square of the distance, d, 
between them ; hence 


fo, ee ee aD 


When g and q, are of dissimilar signs, f becomes negative, i.e. there is an 
attraction, and not a repulsion. This equation is incompatible with the 
e-ectromagnetic definitions given in Part III., and, if it be allowed to be 
fundamental, gives a new definition of the unit quantity of electricity, as 
that quantity which, if placed at unit distance from another equal quantity 
of the same kind, repels it with unit force. 

34. Electrostatic System of Units—This: new measurement of quantity 
forms the foundation of a distinct system or series of units, which may be 
ealled the electrostatic units, and measurements in these units will in these 
pages be designated by the use of small letters; thus, as Q, C, &c., sig- 
nfied quantity, “current, &€., in electromagnetic measure, 80 g, ¢, ¢, and r, &c., 
will represent the electrostatic mcasure of quantity, current, electromotive 
foree, resistance, &c. 

The relations between current and quantity, between work, current, and 
electromotive force, and between electromotive force, current, and resistance, 
remain unchanged by the chunge from the electromagnetic to the electro- 
static . 

35. Ratio between Electrostatic and Electromagnetic Measures of Quantity. 
—tinee the expression forming the second member of equation (17) represents 
i 


a foree the dimensions of which are = , the dimensions of q are L 7 The 


dimensions of the unit of electricity, Q, in the electromagnetic system are 
L'y* (25). Hence, since in passing from the one system to the other we 


must employ the ratio o this ratio will be of the dimensions a that is to 


say, the ratio é is a velocity. In the present treatise this velocity will be 


designated by the letter v. 

The first estimate of the relation between quantity of clectricity measured 
statically and the quantity transferred by a current in a given time was made 
by Faraday®. A careful experimental investigation by MM. Weber and 
Koblrauscht not only confirms the conclusion that the two kinds of measure- 


ment are consistent, but shows that the velocity v= é is 310,740,000 metres 


per second—a velocity not differing from the estimated velocity of light more 
than the different determinations of the latter quantity differ from each other. 
e must always be a constant, real velocity in nature, and should be measured 
im terms of the system of fundamental units adopted in electrical measure- 
ments (3 and 55). A redetermination of v (46) will form part of the present 
Committee’s business in 1863-64. It will be seen that, by definition, the 
quantity transmitted by an electromagnetic unit current in the unit time is 
equal to v electrostatic units of quantity. 

38. Electrostatic Measure of Currents.—In any coherent system, a current 


* Experimental Researches, series iii. § 361, &. 
t Anbaoriimgen der Konig Bachsischeas Gon, Ha. ii, (1857) p. 260; or, Poggendorff’s 
Asselen, Bd. 99. p. 10 (Aug. 1856). 
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is measured by the quantity of electricity which passes in the unit of tim 
(15) ; if both current and quantity are measured in electrostatic units, ther 


=f ’ 
cme oe eo we ew ew he 618) 


q - 
The dimensions of ¢ are therefore uae ; and in order to reduce a curren( 


from electromagnetic to electrostatic measure, we must multiply C by v, or 
c=0C0, . e e e e e e e e (19) 


37. Electrostatic Measure of Electromotive Force.—The statical measure of 
an electromotive force is the work which would be done by electrical forces 
during the passage of a unit of electricity from one point to another. The 
only difference between this definition and the electromagnetic definition 
(16 and 27) consists in the change of the unit of electricity from the electro- 
magnetic to the electrostatic. ¢ 

Hence if g units of electricity are transferred from one place to another, 
the electromotive force between those places being e, the work done during 
the transfer will be ge; but we found (27) that if E and Q be the electro- 

_ Magnetic measures of the same quantities, the work done would be expressed 
by QE; hence 


qe=QE; 
but (35) q=vQ, 
therefore Oe ee (28) 


Thus, to reduce electromotive force from electromagnetic to electrostatic 
measure, we must divide by v. 


The dimensions of ¢ are a 


38. Electrostatic Measure of Resistance.—If an clectromotive force, ¢, act 
on @ conductor whose resistance in electrostatic measure is r, and produce 3 
current, c, then by Ohm’s law 

ret, .o e e e e e e e e (2 1) 
Substituting for ¢ and o their equivalents in electromagnetic measure (equa- 
tions 19 and 20), we have 


rl E. 
eC’ 
but (69. 7 — 
(eq. ) =’ 
and therefore res, rr (2) 


To reduce a resistance measured in electromagnetic units to its electrostatic 
value, we must divide by v7. 


The dimensions of » are - or the reciprocal of a velocity. 


39. Electric Resistance in Electrostatic Units is measured by the Reciprocal 
of an Absolute Velocity—We have seen from the last paragraph that the 
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dimensions of r establish this proposition ; but the following independent de-~ 
fnition, due to Professor W. Thomson, assists the mind in réceiving this con- 
ception as a necessary natural truth. Conceive a sphere of radius &, charged 
with a given quantity of electricity,Q. The potential of the sphere, when 


st a distance from all other bodies, will be . (40, 41, and 47). Let it now 


be discharged through a certain resistance, r. Then if the sphere could col- 
lapse with such a velocity that its potential should remain constant, or, in 
other words, that the ratio of the quantity on the sphere to its radius should 
remain constant, during the discharge, then the time occupied by its radius in 
shrinking the unit of length would measure the resistance of the discharging 
cnduetor in electrostatic measure, or the velocity with which its radius 
dminished would measure the conducting power (50) of the discharging 
conductor. Thus the conducting power of a few yards of silk in dry weather 
might be an inch per second, in damp weather a yard per second. The re- 
ustance of 1000 miles of pure copper wire, y, inch in diameter, would be 
about 0-00000141 of a second per metre, or its conducting power one metre 
per 0-00000141 of a second, or 708980 metres per second. 

40. Electrostatic Measure of the Capacity of a Conductor.—The electrostatic 
eapcity of a conductor is equal to the quantity of electricity with which it 
can be charged by the unit electromotive force. This definition is identical 
with that given of capacity measured in electromagnetic units (26). Lete 
be the capacity of a conductor, q the electricity in it, and ¢ the electromotive 
foree charging it ; then 


qs, °° © e 8 «© «© @ oe oe e@ (23) 
From this equation we Can see that the dimension of the quantity s is a 
langth only. It will aleo be seen that 
sx=-v'8, e r) e . 6 e e e e e (24) 
where 8 is the electromagnetic measure of the capacity of the conductor with 
the electrostatic capacity, 3. 
The capacity of a spherical conductor in an open is, in electrostatic 
measure to the radius of the sphere—a fact demonstrable from the 


fundamental equation (17). 

Experimentally to determine s, the capacity of the conductor in electro- 
static measure, charge it with a quantity, q, of electricity, and measure in any 
wit its potential (47) or tension (49), ¢. Then bring it into electrical con- 
nexion with another conductor whose capacity, s,, is known. Measure the 
potential, ¢, of s and s, after the charge is divided between them; then 


q=se=(s+28,)¢,, 
and hence es Ora (--)) 


¢—e, 

In this measurement we do not require to know ¢ and ¢, in absolute measure, 
tince the ratio of these two quantities only is required. We must, how- 
ever, know the value of s,, and hence we must begin either with a spherical 
conductor in a large open space, whose capacity is measured by its radius, 
or with some other form of absolute condenser alluded to in the following 
paragraph. 

41. "Absolute Condenser. Practical Measurement of Quantity.—As soon as 
the electromotive force of a source of electricity is known in electrostatic 
messare, the quantity which it will produce in the form of charge on simple 
forms is known by the laws of electrical distribution experimentally proved 


152 REPORT—1863. 


by Coulomb.” Simple forms of this kind may be termed absolute condensers. 


A sphere in an open space is such a condenser, and the quantity it contains 
is s¢ (eq. 23). A more convenient form isa sphere of radius x, suspended 


in the centre of a hollow sphere, radiug y, the latter being in communication | 
with the earth. The capacity, s, of the internal sphere is then, by calculation, . 


ee a ¢;) 


Y¥— 2 


By a series of condensers of increasing capacity, we may measure the capacity — 


| 


of any condenser, however largo. The comparison is made by the method | 


described above (40). Thus, tho practical method of measuring quantity in 
electrostatic measure is first to determine the capacity of the conductor con- 


taining the charge, and then to multiply that capacity by the electromotive _ 


force producing the charge (43). 
42. Practical Measurement of Currents.—The electrostatic value of currents 
can be obtained from equation (21), when e¢ and r are known, or from equa- 


tion (19), when v and C are known, or by comparison with a succession of | 


of known quantities from an absolute condenser. 

. 43. Practical Measurement of Electromotive Force.—The relations expressed 
by eq. (17) and (23) show that in any given circumstances the force exerted 
between two bodies due to the effects of statical electricity will be proportional 
to the electromotive force or difference of potential (47) between them. This 
fact allows us to construct gauges of electromotive force, or instruments s0 
arranged that a given electromotive force between two parts of the apparatus 
brings an index into a sighted position. In order that the gauge should serve 
to measure the electromotive force absolutely, it is necessary that two things 
should be known: first, the distribution of the electricity over the two attract- 
ing or repelling masses (or, in other words, the capacity of each part); secondly, 
the absolute force exerted between them. For simple forms, the distribution, 
or capacity of each part can be calculated from the fundamental principles 
(33); the force actually exerted can be weighed by a balance. By these 
means Professor W. Thomson* determined the electromotive force of a 
Daniell’s cell to be 0:0021 in British electrostatic units, or 0-0002951 in 
metrical units. This proposition is equivalent to saying that two balls of a 
metre radius, at a distance d apart in a large open space, and in connexion 
with the opposite poles of a Daniell’s cell, would attract one another with 4 
absolute units, or oe 

An apparatus by which such a measurement as the foregoing can be carried 
out is called an absolute electrometer. It will be observed that, although 
the definition of electromotive force is founded on the idea of work, its 
practical measurement is effected by observing a force, inasmuch as when 
this force exerted between two conductors of simple shape is known, the work 
which the passage of a unit of electricity between them would perform may 
be calculated by known laws. 

44, Comparison of Electromotive Forces by their Statical Effects — Ths 
comparison is simpler than the absolute measurement, inasmuch as it is not 
necessary, In comparing two forces, to know the absolute values of either. In- 
struments by which the comparison can be made are called electrometers. 
Their arrangement is of necessity such that the force exerted between two 
given parts of the instrument shall be proportional to the difference of potential 


* Paper read before the Royal Society, February 1860, Vide Proceedings of the Royal 
Society, vol. x. p. 318, and Phil, Mag. vol. xx. 4th Ser. 1860, p. 233. 


force equal to gramme weight. 
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_ 2. Blectromagnetic Measurement of Electric Quantty.—A conducting body 

usalsted at all points from the neighbouring conductors may tn various ways 

ke electrified, or made to hold a quantity of electricity. This quantity (§ 14} . 
’ perfectly definite in any given circumstances; it cannot be augmented or 
diminished so long as the conductor is insulated, and is called the charge of 
the conductor. Its magnitude depends on the dimensions and shape and 
pation of the insulated and the neighbouring conductors, on the insulating 
material, and finally on the electromotive force between the insulated and the 
wighbouring conductors, at the moment when the charge was produced. The 
vel-known Leyden jar is an arrangement by which a considerable charge 
‘an be obtained on a small conductor with moderate electromotive force be- 
twen the inner and outer coatings which constitute respectively the “ insu- 
kted” and “‘ neighbouring ”’ conductors referred tom general. We need not 
enter into the general laws determining the charge, since our object is only 
to show how it may be measured when already existing ; but it may be well 
w state that the quantity on the charged insulated conductor necessarily im- 
pies an equal and opposite quantity on the surrounding or neighbouring 
ocdactors. 

We have already defined the magnitude of a current of electricity as sim- 
my proportional to the quantity of electricity conveyed in a given time, and 
we bave shown a method of measuring currents consonant with this definition. 
The unit quantity will, therefore, be that conveyed by the unit current as 
atove defined in the unit of time. Thus, if a unit current is allowed to flow 
fr a unit of time in any wire connecting the two coatings of a Leyden phial, 
the quantity which one coating loses, or which the other gains, is the electro- 
magnetic unit quantity®. The measurement thus defined of the quantity in 

a given statical charge can be made by observing the swing of a galyanometer- 
needle produced by allowing the charge to pass through the coil of the galva- 
nometer in a time extremely short compared with that occupied by an oscil- 

lation of the needle. , 

Let Q be the whole quantity of electricity in an instantaneous current, then 


Qa2tsingi,. 2. 2 we. (AR) 


where C, =the strength of a current giving a unit deflection (45° on a tangent 
ar 9P an a sine galvanometer), t= half the period or time of a complete 
verillation of the needle of the galvanometer under the influence of terrestrial 
magnetiam alone, and t= the angle to which the needle is observed to swing 
from a position of rest, when the discharge takes place; ©, is a constant 
which need only be determined once for each instrument, provided the hori- 
aontal farce of the earth’s magnetism remain unchanged. In the case of the 
tangent galvanometer, the formula for obtaining it has already been given. 
Fram equations (9) and (12) we have for a tangent galvanometer 


Q=-" Hesn}i,. 2. 1 1... (18) 
rn 


where, as before, /= the radius of the coil, and n= the number of turns 
made by the wire round the coil. 

The quantity in a given charge which can be continually reproduced under 
xed conditions may be measured by allowing a succession of discharges to 
pass at yegular and yery shart intervels through 9 galvanometer, so ee to pro- 

© Weber calls this ity two unite—a fact which must not be lost sight of in com- 

ing his rere fs with those € the nite ithe h yaust not be lost sight pf in com 
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of the potential P, entailing the measurement of an absolute force between 
two electrified bodies. This method was proposed and adopted by Weber*. 

2°. By a comparison of the measure of electromotive force. The elestro- 
motive force produced by a battery, in electrostatic measure, can be directly 
weighed (43). Its electromotive force, in electromagnetic measure, can be 
obtained from the current it produces in a given resistance (28). The ratio 
of the two numbers will give the value of v. This method been carried 
out, by Professor W. Thomson, who was not, however, at the time in 
session of the means of determining accurately either the absolute resistance 
of his circuit or the absolute value of the currentf. 

3°. By a common measure of resistance. We know (29 and 45) how to 
measure resistances in electromagnotic and electrostatic measure. The ratio 
between these measures is equal to v*. The measure of resistance in electro- 
static measure is not as yet susceptible of great accuracy. 

4°. By a comparison of currents. The electromagnetic value of a current 
produced by a continuous succession of discharges from a condenser of capacity 
s can be measured (18, 19). The electrostatic value of the current will be 
known if the potential to which the condenser is charged be known. The 
ratio of the two numbers is equal to v. 

5°. By a common measure of capacity. The two measurements can be 
effected by the methods given (26 and 40). The ratio between the two 
measurements will give v*. This method would probably yield very accurate 
results. 


Part V.—Ezzornicat MzssuREMENTS DERIVED FROM THR FIVE ELEMENTARY 
MBASUREMERTS ; aD Conclusion. 


47. Electric Potential.—The word “ potential,” as applied by G. Green to the 
condition of an electrified body and the space surrounding it, is now coming 
into extensive use, but is perhaps less generally understood than any other 
electrical term. Electric potential is defined by Prof. W. Thomson as follows tf: 

‘“‘ The potential, at any point in the neighbourhood of or within an electrified 
body, is the quantity of work that would be required to bring a unit of posi- 
tive electricity from an infinite distance to that point, if the given distribution 
of electricity remained unaltered.” 

It will be observed that this definition is exactly analogous to that given 
of magnetic potential (10), with the substitution of the unit quantity of 
electricity for the unit magnetic pole. (Analogous definitions might be given 
of gravitation potential, heat potential, and every one of these potentials 
coexist at every point of space quite independently one of the other.) In 
another paper§ Professor Thomson describes electric potential as follows :— 
«+The amount of work required to move a unit of electricity against electric 
repulsion from any one position to any other position is equal to the excess 
of the electric potential of the first position above the electric potential of the 
second position.” 

The two definitions given are virtually identical, since the potential at 
every point of infinity is zero, and it will be seen that the ce of 


* Pogg, Ann. Aug. 1856, Bd. 99. p. 10. Abbandlungeu der Kin. Séchsischen Gesell- 


schaft, vol. iii. (1857) p. 266. 
t Paper before the Royal Society, February 1860. Vide Proceedings of the Royal 


Society, vol. x. p. 319. 

Paper before British Association, 1852. Vide Phil. Mag. 1853, p. 288. 

Paper read before the Royal Society, February 1860. Vide of the Royal 
Society, vol. x. p. 334. 
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defined in the second passage quoted is identical with what we 

tate called the electromotive force between the two points (16 and 27). 

When, instead of a difference of potentials, the potential simply of a 
pant is spoken of, the difference of potential between the point and the 
earth is referred to, or, as wo might say, tho electromotive force between the 
paint and the earth. 

The potential at all points close to the surface and in the interior of any 
emple metallic body is constant; that is to say, no electromotive force can be 
produced in a simple metallic * body by mere electrical distribution; the 
potential at the body may therefore be called the potential of the body. The 
potential of a metallic body varies according to the distribution, dimensions, 
position, and electrification of all surrounding bodies. It aleo depends on the 
sabstance forming the dielectric. 

In any given circumstances, the potential of the body will be simply pro- 
portional to the quantity of electricity with which it is charged; but if the 
ercumstances are altered, the potential will vary although the total amount 
of the charge may remain constant. 

In a closed circuit in which a current circulates, the potential of all parts 
df the dreuit is different ; the difference depends on the resistance of each 
part end on the electromotive force of the source of electricity, +. ¢. on the 
difference of potentials which it is capable of causing when its two electrodes 
are separated by an insulator or dielectric. The different parts of a conductor 
moving In a magnetic field are maintained at different potentials, inasmuch 
a we have shown that an electromotive force is produced in this caso. The 
potential of a body moving in an electric field (3. ¢. in the neighbourhood of 

electrified bodies) is constantly changing, but ‘at any given moment the 

potential of all the parts is equal. The use of the word “potential” has the 

advantages. It enables us to be more concise than if we were 

obliged to use the circumlocution, “electromotive force between 

the paint and the earth ; ” and it avaids the conception of # force capable of 

generating a current, which almost necessarily, although falsely, is attached 
to “ eleetromotive force.” 

i tial surfaces and lines of force in an electric fleld may be con- 
carved statically electrified bodies; these surfaces and lines would be 
drswa on similar principles and possess analogous properties to those described 
in a magnetic field(10). It is hardly necessary to observe that the magnetic 
and the electric fields are totally distinct, and coexist without producing any 
mutual infinence or interference. 

The rate of variation of electric potential per unit of length along a line of 
foree is at any point equal to the electrostatic force at that point, +. ¢, to the 
foree which a unit of electricity placed there would experience. The unit 
difference of potential is identical with the unit electromotive force; and the 
electrometer spoken of as measuring electromotive force measures potentials 
or differences of potential. 

48. Density, Resultant Electric Force, Klectrie Presswre.—Tho three fol- 
lowing definitions are taken almost literally from a paper by Profeseor W. 
Thomson ®. Our treatise would be incomplete without seproved to these 
terms, and Professor Thomson's definitions oan hardly be im 

“ Electric Density.—This term was introduced Tr Coulomb to designate the 
quantity of electricity per unit of area in any part of the surface of a con- 


read before the Royal Soci Feb. 1860. Vide Proc. B. 8. vol. x. p. 819 (1860), 
Mag, vol. xx. Ser. t (1800) > sas p ) 
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ductor. He showed how to measure it, though not in absolute measure, by 
his proof-plane. 

“ Resultant Electric Force.—The resultant force in air or other insulating 
fluid in the neighbourhood of an electrified body is the force which 4 unit of 
electricity concentrated at that point would experience if it exercised no 
influence on the electric distributions in the neighbourhood. The resultant 
force at any point in the air close to the surface of a conductor is perpen- 
dicnlar to the surface, and equal to 4 zp, if p designates the electric density of 
the surface in the neighbourhood. 

“‘ Electric Pressure from the Surface of a Conductor balanced by Air.—A 
thin metallic shell or liquid film, as for instance a soap-bubble if electrified, 
experiences a real mechanical force in a direction perpendicular to the sur- 
face outwards, equal in amount per unit of area to 2rp’, p denoting as before 
the electric density at the part of the surface considered. In the case of a 
soap-bubble its effect will be to cause a slight enlargement of the bubble on 
electrification with either vitreous or resinous electricity, and a corresponding 
collapse on being perfectly discharged. In every case we may consider it as 
constituting a deduction from the amount of air-pressure which the body ex- 
periences when unelectrified. The amount of deduction being different at 
different parts according to the square of the electric density, its resultant 
action on the whole body disturbs its equilibrium, and constitutes in fact the 
resultant electric force experienced by the body.” _~ 

49. Tension.—The use of this word has been intentionally avoided by us 
in this treatise, because the term has been somewhat loosely used by various 
writers, sometimes apparently expressing what we have called the density, 
and at others diminution of air-pressure. By the most accurate writers it 
has been used in the sense of a magnitude proportional to potential or differ- 
ence of potentials, but without the conception of absolute measurement, or 
without reference to the idea of work essential in the conception of potential. 
We believe also that it has not been generally, if ever, applied to that con- 
dition of an insulating fluid in virtue of which each point has an electric 
potential, although no sensible quantity of electricity be present at the point. 
The expression “tension” might be used to designate what we have termed 
the potential of a body. The tension between two points would then be 
equivalent to the electromotive force between those points, or to their differ- 
ence of potentials, and would be measured in the same unit. 

50. Conducting Power, Specific Resistance, and Specifie Conducting Power. 

Conducting Power, or Conductivity.—These expressions are employed to sig- 
nify the reciprocal of the resistance of any conductor. Thus, if the resistance — 
of a wire be expressed by the number 2, its conducting power will be 0-5. 

Specific Resistance referred to unit of Mass.—The specific resistance of a 
material at a given temperature may be defined as the resistance of the unit 
mass formed into a conductor of unit length and of uniform section. Thus 
the specific resistance of a metal in the metrical system is the resistance of a 
wire of that metal, one metre long, and weighing one gramme. 

The Specific Conducting Power of a material is the reciprocal of its specific 
resistance. 

Specific resistance, referred to unit of volume, is the resistance opposed by 
the unit cube of the material to the passage of electricity between two opposed 
faces. It may easily be deduced from the specific resistance referred to unit 
of mass, when the specific gravity of the material is known. 

Specific Conducting Power may also be referred to unit of volume. It is of 
course the reciprocal of the specific resistance referred to the same unit. 
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It is somewhat more convenient to refer to the unit of mass with long 
uniform conductors, such as metal wires, of which the size is frequently and 
easily measured by the weight per foot or metre; and it is, on the other hand, 
more convenient to refer to the unit of volume bodies, such as gutta percha, 
giass, &c., which do not generally occur as conducting-rods of uniform section, 
while their dimensions can always be measured with at least as much accu- 
racy as their weights. 

51. Specific Inductive Capacity*.—Faraday discovered that the capacity 
of a conductor does not depend simply on its dimensions or on its position 
relatively to other conductors, but is influenced in amount by the nature of 
the insulator or dielectric separating it from them. The laws of induction 
are assumed to be the same in all insulating materials, although the amount 
be different. The name “inductive capacity’ is given to that quality of an 
insulator in virtue of which it affects the capacity of the conductor it sur- 
rounds, and this quality is measured by reference to air, which is assumed 
to possess the unit inductive capacity. The specific inductive capacity of a 
material is therefore equal to the quotient of the capacity of any conductor 
insulated by that material from the surrounded conductors, divided by the 
eapacity of the same conductor in the same position separated from them by 
air only. It is not improbable that this view of induction may be here- 
after modified. 

52. Heat produced in a Conductor by a Current.—The work done in driving 
a current, C, for a unit of time through a conductor whose resistance is R, byan 
electromotive force E, is EC=RC* (§ 17). This work is lost as electrical 
energy, and is transformed into heat. As Dr. Joule has ascertained the 
quantity of mechanical work equivalent to one unit of heat, we can calculate 
the quantity of heat produced in a conductor in a given time, if we know 
C and R in absolute measure. In the metrical series of units founded on 
the metre gramme and second, if we call the total heat ©, taking as unit the 
quantity required to raise one gramme of water one degree Centigrade, we 


have 
RC" 
= *4157'° e e ® e e © e ° . ° (28) 


In the British system, founded on feet, grains, seconds, with a unit of heat 
equal to the quantity required to raise one grain of water one degree Fahr., 
we must substitute the number 24-861 for -4157 in the above equation. 

53. Electrochemical Equivalents.—Dr. Faraday has shown ¢ that when an 
electric current passes through certain substances and decomposes them, the 
quantity of each substance decomposed is proportional to the quantity of 
electricity which passes. Hence we may call that quantity of a substance 
which is decomposed by unit current in unit time the electrochemical equi- 
valent of that substance. 

This equivalent is a certain number of grammes of the substance. The 
equivalents of different substances are in the proportion of their combining 
numbers ; andif all chemical compounds were electrolytes, we should be able 
to construct experimentally a table of equivalents in which the weight of 
each substance decomposed by a unit of electricity would be given. The 
electrochemical equivalent of water, in electromagnetic measure, is about 
0-02 in British, 0-0092 ¢ in the metrical system. The electrochemical equi- 
valents of all other electrolytes can be deduced from this measurement with 
the aid of their combining numbers. 

© Experimental Researches, sericea xi. Experimental Researches, series vii. 

{ 009875 by Weber mtd Kebiveusch 
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54. Electromotive Force of Ohemical Affnity.—When two substances 
having a tendency to combine are brought together and enter into combina- 
tion, they enter into a new state in which the intrinaic energy of the system 
is generally less than it was before, that is, the substances are less able to 
effect chemical changes, or to produce heat or mechanical action, than before. 

The energy thus lost appears during the combination as heat or electrical 
or mechanical action, and can be measured in many cases ®. 

The energy given out during the combination of two substances may, like 
all other forms of energy, be considered as the product of two factors t—the 
tendency to combine, and the amount of combination effected. Now the 
amount of combination may be measured by the number of electrochemical 
equivalents which enter into combination; so that the tendency to combine 
may also be ascertained by dividing the energy given out by the number of 
electrochemical equivalents which enter into combination. 

If the whole energy appears in the form of electric currenta, the energy of 
the current is measured by the product of the electromotive force and the 
quantity of electricity which passes. Now the quantity of electricity which 
passes is equal to the number of electrochemical equivalents which enter on 
either side into combination. Hence the total energy given out, divided by 
this number, will give the electromotive force of combination. Thus, if N 
electrochemical equivalents enter into combination under a chemical affinity 
I, and in doing s0 give out energy equal to W, either as heat or as electrical 
action, then 

NI=W. 


But if W be given out as electrical action, and causes a quantity of electricity 
Q to traverse a conductor under an electromotive force E, we shall have 


W=EQ. 
By the definition of electrochemical equivalents, E=N, 
therefore I=E ; 


or the force of chemical affinity may in these cases be measured as electro- 
motive force. 

This method of ascertaining the electromotive force due to chemical com- 
bination, which gives us a clear insight into the meaning and the méasure- 
ment of “‘ chemical affinity,” is due to Professor W. Thomson {. 

The field of investigation presented to us by these considerations is very 
wide. We have to measure the intrinsic energy of substances as dependent 
on volume, temperature, and state of combination, When this is done, the 
energy due to any combination will be found by subtracting the energy of 
the compound from that of the components before combination. 

As the tendency to increase in volume is measured as pressure, and as the 
tendency to part with heat is measured by the temperature, so in chemical 
dynamica the tendency to combine will be properly measured by the electro- 
motive force of combination. 


55.—Tables of Dimensions and other Constants :— 


Fundamental Units. 
Length=L, Time == T’, MassexM, 


* Report British Association, 1850, p. 68, and Phil. Mag. vol. xxxii. Ser. 8. Bee papers 
by Prof. Andrews, and Favre and Silberman, ‘On the Heat given out in Chemical Action,” 
Comptes Rendus, vols, xxxvi. and xxxvii. 

+ See Rankine “On the General Law of Transformation of :” Phil, Mag. 1858. 

ft “On the Mechanical Theory of Electrolysis,” Phil, Mag. Dec. 1851. 
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Derwed Mechanical Units. 


Works W =e, Forcom F mary . Velocity = Vinny. 
Derwed Magnetical Units. 
Strength of the pole of a magnet...... mouLs TMi 
Moment of a magnet .............- ml=xLf T7' mt 
Intensity of magnetic field.......... HeeL tT ut 
Electromagnetic System of Units. 
Quantity of electricity ..... beeaeeees Q=L* x mit 
Strength of electric current .......... c=L* T~' ut 
Electromotive force..........00 cece E=L! 7? yi 
Resistance of conductor ........+0..+. BaeL T™’ 
Electrostatic System of Units. 
Quantity of electricity .............: q=l? Tut 
Strength of electric currents .......... c=I§ Tut 
Electromotive force ..........-. wee. colt TO yt 
Resistance of conductor ..... veceeeees raL'T 


let v be the ratio of the electrostatic to the electromagnetic unit of quantity 
hed and 46); then ws==310,740,000 metres per second approximately, and we 


g=utQ ev | emi | ren | smv'S 
Teble for the Conversion of British ( foot-grain-second) System to Metrical 
(metre-gram ystem. 


me-second) & 
tril unit British units 
rontained in a|| 28 1g. contained in a 
British unit. metrical unit, 
Se ————— 
for Me... exce esos «| 00847989 || 2-8115678 | 1:1884321]| 1543285 


> fe L, PBs and V. .| 0-3047945 || 1-4840071 |0-5159929] 3-280809 


"er (ale for foot- grains 0-0197504 || 2 2955749 | 1:7044250! 50-6320 
metre- 


grammes). 
VieW. lee 00060198 || 3-7795820 | 2:2204179|| 166-1185 
* fr H and electro-|0°461085 || 1-6637804 | 0:3362196|| 2-16880 
equivalents 
*frQ,C,ande ...... 0-140536 || 1-14778'74 | 0-8522125' 7-11561 


“for Bm, q, and ¢ ... .|0°0428846 || 2-6317949 1-86820611 23°3456 
*torheat oo... 0 ee 00859904 } 25562053 | 1-4437046| 27-7782 
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British System.— Relation between Absolute and other Units. 


. force. weight of a grain ) - 
One absolute unit of { work = 070810866 poe ens } in London. 
force. 


In London { weight of a grain 39.1999 absolute units of { sores 


one foot-grain 
One absolute unit of force __1 { unit weight evi here 
work g | unit weight x unit length f CV" 7W "CTS 


g in British system =32-088 (1 + 0-005133 sin’ A), where A=athe latitude of 
the place at which the observation is made. 

Heat,—The unit of heat is the quantity required to raise the temperature of 
one grain of water at its maximum density 1° Fahrenheit. 

Absolute mechanical equivalent of unit of heat =24861=772 foot-grains 
at Manchester. 

Thermal equivalent of an absolute unit of work =0-000040224. 

Thermal equivalent of a foot-grain at Manchester = 0:0012953. 

Electrochemical equivalent of water =0-02, nearly. 


Metrwcal System.—Relation between Absolute and other Units. 


force _ weight of a gramme 
One absolute unit of \w nee... 0-0809821 Weight of a gr } at Paris. 


. { the weight of a gramme. force. 
At Paris { or metre-gramme =: 9-80868 absolute units of { work. 


. force 1 unit weight 
One absolute unit of { work =; unit weight x unit length } everywhere. 


g in metrical system =9°78024 (1+40-005133 sin’ A), where \ =the latitude 
of the place where the experiment is made, 

Heat.—The unit of heat is the quantity required to raise one gramme of 
water at its maximum density 1° Centigrade. 

Absolute mechanical equivalent of the unit of heat==4157-25=423-542 
metre-grammes at Manchester. 

Thermal equivalent of an absolute unit of work =0-00024054. 

Thermal equivalent of a metre-gramme at Manchester=0-00236154. 

Electrochemical equivalent of water ==0-0092, nearly. 

56. Note to the Table of Dimensions, by Professor Clerk Maxwell_—All the 
measurements of which we have hitherto treated are supposed to be made in 
the same medium—ordinary air; but Faraday has shown that other media 
have different properties. Paramagnetic bodies, such as oxygen and salts of 
iron, when placed in media less paramagnetic than themselves, behave as 
paramagnetic bodies; but when placed in media more paramagnetic than 
' themselves, they behave as diamagnetic bodies. 

Hence magnetic phenomena are influenced by the nature of the medium in 
which the bodies are placed, and the system of units and of measurements 
which we adopt depends on the nature of the medium in which our experi- 
ments are made. If we made our oxperiments in highly condensed oxygen, 
magnets would attract each other less, and currents would attract each other 
more, than they do in common air; and the reverse would be the case if we 
worked in a sea of melted bismuth. 

Now if we take into account the “ coefficient of magnetic induction” of the 
medium in which we work, and instead of assuming that of common air to be 
unity, assume it proportional to the density of that part of the medium to 
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viich the magnetic action is due, we shall have the repulsion of two 
1 
pols =, where mm are the two poles, u the density of the magnetic 
p 

nedium, and r the distance. Now a density is a mass, M_,, divided by L’, the 
wit of volume. Hence the dimensions of = are “ya's or if wo can 
measure the density of the magnetic medium in the same unit of mass as that 
enployed for other purposes, the dimensions of m would be simply Those 


af H would then be ~ or a velocity. 


If we suppose the density of the magnetic medium to be taken account of 
in the electromagnetic units, their dimensions become 
Quantity of electricity. .Q=L’, or equivalent to an area, 
8 


Strength of current .. Cm 
Electromotive force . . - Ea 
Resistance of conductor Rat 


The electromagnetic unit of quantity of electricity is equal to the electro- 
static unit multiplied by a certain velocity, depending on the elasticity of the 
magnetic medium, and proportional or probably equal to the velocity of pro- 
pegation of vibrations in it. Hence the dimensions of 


Electrostatic quantity ........ q=LT 
Electrostatic current....... .. cL 
Electrostatic electromotive force ¢ = 
Resistance .... ccc cc cece ees r= 


As we have no knowledge of the density, elasticity, &c., of the magnetio 
we assume it as having a standard state in common air; and sup- 

poung all measurements to be made in air, the original table of dimensions is 
sficent for expressing measurements made according to one system in terms 


The absolute magnitude is in most cases an inconvenient one, leading to 
the ue either of exceedingly small or exceedingly large numbers. Thus the 
waits of ic resistance and electromotive force and quantity, and 
af electrostatic currents, are inconveniently small; the unit of electrostatic 
reustance is inconveniently large. Decimal multiples and submultiples of 
thee units will therefore probably have to be adopted in practice. The 
ca of these multiples and submultiples forms part of the business of the 

thee 


The nomenclature hitherto adopted is extremely defective. In referring 
lo each measurement, we have to say that the number expresses the value in 
dectrostatic or electromagnetic absolute units: if a multiple is to be used, this 
me will also have to be named; and further, the standard units of length, 

M 
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mass, and time have to be referred to, inasmuch as some writers use the pound 
and some the grain, some the metre and some the millimetre, as fundamental 
units. This cumbrous diction, and the risk of error imported by it, would 
be avoided if each unit received a short distinctive name in the manner pro- 
posed by Sir Charles Bright and Mr. Latimer Clark, in a’ paper read before 
the British Association at Manchester, 1861. 
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Arrexprx D.— Description of an Experimental Measurement of Electrical 
Resistance, made at King’s College. By Professor J. Ciunk Maxwewz and 
Meesrs. Batrourn Srewart and Fremuine JEnxr. 


Parts I., III., and IV., by Professor Maxwatr. 
Part I1., by Mr. Fimemme Junxm. 


Pazr I. General description of the method employed.—In the general 
Report of the Committee, and in Appendix C, it has already been shown that 
the most important aid to the exact science of electricity would be the de- 
termination of the resistance of a wire in absolute measure, and the publica- 
tion of standards of resistance derived from this wire. This has already 
been done by Weber®; but it is desirable that the determination of a quantity 
so nnportant should not be left in the hands of a single person. 

Weber has employed two methods. 

lst. By suddenly turning a coil of wire about an axis so as to alter its 
position relatively to the terrestrial magnetic lines of force, he produced an 
electromotive force acting for a short time in the coil. This coil was con- 
nected with another fixed coil having a magnet suspended in its centre. Tho 
current generated by the electromotive force passed through both coils and 
gave the magnet a sudden impulse, the amount of which was measured by 
its extreme deflection. 

Thus an electromotive force of short duration produced a current of short 
duration. The total amount of electromotive force depended on the size of 
the moveable coil and on the intensity of terrestrial magnetism. The total 
amount of the current is measured by the impulse given to the magnet, and 
the mechanical value of the impulse is measured by the angle through which 
it swings. The resistance of the whole circuit, consisting of both coils, is 
then ascertained by dividing the electromotive force by the current. 

2nd. Weber’s second method consisted in causing a powerful magnet to 
oscillate within a coil of wire. By the motion of the magnet currents are 
produced in the coil, and these, reacting on the magnet, retard its motion, 
The rate of diminution of the amplitude of the oscillations, when compared 
with the rate of diminution whon the circuit is broken, affords the means 
determining the resistance of the circuit. . 

Professor W. Thomson has designed an apparatus by which the resistance of 
a coll ean be determined in electromagnetic measure by the observation of 
the constant deflection of a magnet, and his arrangement has been adopted 
for the experiments made by the Committee, 

°p n . 887 (March 1851) ; Electrische Maasbestimmungen, Leipzig, 
Wieden Marnie of” the Boral Society d Sciences of Saxony, vol. i. p. 197; and 

x 
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The coil of wire is made to revolve about a vertical diameter with constant 
velocity. The motion of the coil among the lines of force due to the earth’s 
magnetism produces induced currents in the coil which are alternately in 
opposite directions with respect to the coil itself, the direction changing as 
the plane of the coil passes through the east and west direction. If we con- 
sider the direction of the current with respect to a fixed line in the east and 
west direction, we shall find that the changes in the current are accompanied 
with changes in the face of the coil presented to the east, so that the absolute 
direction of the current, as seen from the east, remains always the same. If 
a magnet be suspended in the centre of the coil, it will be deflected from the 
north and south line by the action of these currents, and will be turned in 
the same direction as the coil revolves. The force producing this deflection 
is continually varying in magnitude and direction, but as the periodic time 
is small, the oscillations of the magnet may be rendered insensible by in- 
creasing the mass of the apparatus along with which it is suspended. The 
resistance of the coil may be found when we know the dimensions of the 
coil, the velocity of rotation, and the deflection of the magnet. The intensity 
of terrestrial magnetism enters into the measurement of the electromotive 
force, and also into the measurement of the current; but the measure of the 
resistance, which is the ratio of these two quantities, is quite independent of 
the value of the magnetic intensity. 

Part II. Description of the Apparatus.—For convenience of description, 
the apparatus with which the experiments were made may be divided into 
five parts :—1°, the driving gear; 2°, the revolving coil; 3°, the governor ; 
4°, the scale, with ita telescope, by which the deflections of the magnet were 
observed; 5°, the electric balance, by which the resistance of the copper coil 
was compared with a German-silver arbitrary standard. 

The general arrangement of the first four parts is shown in the diagram, 
fig. 4, Plate VI. 


The driving gear consisted of a leaden flywheel X on a shaft A, turned — 


by hand, and communicating its motion by a band, bb, b,...., arranged 
a way equivalent to Huyghens’s gearing, to a shaft B, a pulley on which drove 


the revolving coil by a simple band'aa, a,..... The arrangement of the band — 


bb, 6,.... communicating the motion of shaft A to shaft B may be easily 


understood from the diagram. CC are two guide-pulleys running loose on ~ 
pins attached to the main framing. DD are two loose pulleys maintained at — 


a constant distance by the strut E, to which the weight W is hung. 


When the rotation of shaft B is opposed by a sufficient resistance, the | 


effect of turning the flywheel in the direction shown by the arrow is to lift 
the weight W from the ground, tending to turn the shaft B with a definite 
force, which will be sensibly constant so long as the weight is kept off the 
ground and the band 68, 6,.... remains unaltered in length. Wherever, 8 
in the present experiments, the resistance increases with the speed of rota- 
tion, the speed of the driving-wheel can easily be regulated by hand, so as 0 
keep the weight from falling so low as to touch the ground, or rising so high 
as to foul the gear, and thus, with a little care, a constant driving force can 
be applied to the shaft B, and to the machinery connected with it. 

The revolving coil formed the most important part of the apparatus. It. 
shown one-fifth full size in figs. 1 and 2, Plate VI. 

A strong brass frame HH was bolted down by three brass bolts F F F, 
dowelled into a heavy stone. It could be accurately levelled by three stout 
screws GGG. The brass rings II,, on which the insulated copper wie 
was coiled, were supported on the frame by a pivot J, working in lignum 


| 
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vile, and by a hollow bearing K, working in brass: this bearing worked in 
a kind of stuffing-box & (fig. 3), which by three screws and a flat spring 
washer between it and the frame at j, could be adjusted to fit the collar ¢ 
with great mcety, preventing all tendency to bind or shake. Supported in 
this way the coil revolved with the utmost freedom and steadiness. 

The coil of copper wire was necessarily divided into two parts on the two 
rings My to permit the suspension of the magnet 8. The two brass rings 
were formed of two distinct halves, insulated from one another by vul- 
crite at the flanges ff,. This insulation was necessary to prevent the in- 
dxction of currents in the brass rings. These rings, after being bolted 
together, were turned with great accuracy by Messrs. Elliott Brothers. The 
insulated copper wire was wound in one direction on both rings; the inner 
exd of the second was soldered to the outer end of the first; the two extreme 
ends of the conductor thus formed were soldered to two copper terminals hh’, 
nalsted by the vulcanite piece 2 bolted to the brass rings. Each terminal 
vas provided with a strong copper binding screw, and had a mercury-cup 
drilled into its upper surface. The two coils could be joined, so as to form a 
ceed circuit, by a short copper bar between the binding screws. The bar, 
linding screws, and nuts were amalgamated to ensure perfect contact. When 
the copper coils were to be connected with the electric balance, the short 
copper bar was removed and the required connexions were made by short 
copper rods, one quarter of an inch in diameter, dipping at one end into the 
mereary-cups on the terminals /}’, and at the other end into the mercury- 
eups of the electric balance. The absence of all induced currents influencing 
the suspended magnet when the circuit was broken at hh’ was repeatedly 
proved by experiment. 

Totafion was communicated to the coils by a catgut band simply making 
half a turn round the small V-pulley 7. The band could be tightened as 
required by the jockey pulley z and weight w (fig. 4). 

A short ecrew of large diameter, n, gearing into a spur-wheel of one hun- 
dred teeth, 0, formed the counter from which the speed of rotation was 
obtained, as follows. A pin p on the wheel o lifted the spring q as it 
pessed ; this spring in its rebound struck the gong M. The blow was of 
course repeated at every hundred revolutions, and the time of each blow was 
observed on a chronometer. The arrangement was equally adapted for rota- 
tion in either direction. 

A second V-pulley r served for the band ¢¢, communicating motion to the 
governor by which the speed was controlled. 

The manner in which the suspended magnet was introduced to the centre 
of the coil is best seen in fig. 3. A brass tripod N, bolted to the main 
frame, supported the long brass tube 0, which passed freely through the 
hollow ing at K. A cylindrical wooden box P slipped on to the end of 
the tube O. The magnet hung inside this box, the lower part of which. 

be removed to allow the exact position of the magnet to be verified. 
The support N also carried a short brass tube R, on which the glass case. 
T could be secured by a little sliding tube. The mirror ¢, attached to the 
magnet S by a d brass wire, hung inside this glass case by a single 
eoeven fibre about eight feet long. This fibre was protected against currents 
of air by a wooden case (not shown in the Plate), extending from the point 
ef support down to the glass case. A little sliding paper prolongation of the 
Wooden case made it nearly wind-proof by fitting at the bottom against the 
main brass frame. An opening in the case allowed the mirror to be seen.. 
The fibre at the top was suspended from a torsion head, by which it could 
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be turned; it could also be raised and lowered by a small barrel, and was 
adjustible in a horizontal plane by three set screws. The care taken in sus- 
pending the magnet and in protecting it both against currents of air and 
vibration was repaid by success, for the image of the scale reflected in the 
magnet was as clear and steady when the coil was making 400 revolutions 
per minute as when it was at rest. 

The governor used was lent by one of. the Committee and will not be 
described in detail, as an improved governor on the same principle will be 
adopted in future experiments, in describing which an account of its construc- 
tion will be given. It may be said, however, that the little instrument actually 
employed generally controlled the speed to such uniformity as allowed the 
deflections to be observed with as much accuracy as the zero-point. 

The seale and telescope hardly require special description; they were 
arranged in the usual manner for this kind of experiment, at about three 
metres from the mirror. The scale was an engine-divided paper scale nailed 
to a wooden bar. This plan will in future experiments be abandoned, as 
variations in the weather had a very perceptible influence on the scale. 

The annexed diagram shows the electric balance by which the copper coil 


» 
\ ; . 
Ly 
Rb NY 2 
se lllIK_2 
x 
Q (S 


C was compared with an arbitrary German-silver standard § before and 
after each induction experiment. The arrangement is that of the ordinary 
Wheatstone’s balance, as described in Appendix H of the Report of your 
Committee for 1862. A and C represent the arms of the balance as there 
Aescribed, 8 the German-silver standard, and R the copper coil to be mea- 
sured. JJ,, HH, MM,, and LL, are four stout copper bars with mercury- 
cups at aa, a,..,5b, b,..,0¢,, anddd,. Twoshort copper rods F and F, can 
be used to connect a with 6 and c with d. When this is done the arrange- 
ment is exactly that of the simple Wheatstone balance with the keys at K 
and K., as described in Appendix H of the last Report. A and C were coils 
fo of about 300 inches of No. 31® German-silver wire, and were adjusted 
to equahty with extreme nicety, and each assumed equal to 100 arbitrary 
units. If Ron any occasion had been exactly equal to 8, the galvanometer @ 

“ld have been unaffected on depressing the keys K K,, when a was joined 

® Diameter =0°01 inch, 
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toband ¢ tod by F and F., rods of no sensible resistance. This exact equality 
between B and 8 could never be obtained, owing to slight changes in tem 

tare which affected the two coils very differently. The object of the modifica- 
tons introduced was to allow the ratio between S and R, differing by 4 
snail amount only, to be measured with great accuracy. 

For this purpose a number of German-silver coils were adjusted, represent- 
ing 1,2, 4,8... .612in the arbitrary units, equal to the hundredth part of A 
oC. These coils were so arranged that any one or more of them could be 
introduced between the bars HH, and JJ,. A single coil, equal to 1 in the 
ame arbitrary unit, could be introduced between the bars Ll, and MM. 
In the diagram this coil is shown in its position and the rod F, withdrawn. 
Smilarly F is withdrawn from between H and G, and the coil 1 joins a, and 
b mthebars HH, andJJ,. If no other ovils were placed between H H, and 
JJ, the arms of the balance would now be 101 and 101 respectively, instead 
af 100 and 100; but the ratio would still be that of equality. Let us now 
mppose that, when the circuit with the battery is completed, the galvanometer 
by its deflection shows that R is bigger than 8, we can reduce the resistance 
of the arm between D and Y by various small graduated and definite amounts 
by introducing the coils 2, 4, 8, &c. between HH, andJJ,. Let us first 
sappose the ooil 2 introduced. The resistance between H and J will be the 
reciprocal of 1-5 or 0°6667; for where various resistances are added in 
multiple arc, the resistance of the compound arc is the reciprocal of the 
cam of their conducting-powers, and the conducting-power of a wire is the 
reciprocal of its resistance. The ratio between the two arms will now be 
101: 100-6667. Let us suppose that on completing the circuit the galvano- 
meter still deflects in the same direction as before, the arm between D and Y 
must be still farther reduced by including fresh coils between H H, and J J.. 
It is very easy by trial to find the combination which maintains the galvano- 
meter at zero when the circuit is completed. Let us suppose that, as in the 
dagram, the coils incladed were I, 2, 4, 8, and 64. The reciprocals of 
these numbers are 1, 0-5, 0°25, 0-125, and 0015625. The conducting-power 
between H and J is therefore 1:890625 the sum of these numbers. The 
renstance between H and J is 0-52893, the reciprocal of the last number, and 
the ratio between the arms will be 101 : 100°52893. A little consideration 
will show that with the coils named any ratio between 101 to 100-5, and 101 
to 101 can be obtained by steps not exceeding 0-00195, the reciprocal of 512, 
the largest coil or smallest conducting-power which can be included between 
the copper bars H H, and JJ,. By substitating the rod F for the coil 1 be- 
tween LL and M M,, the observer can obtain a fresh series of ratios with the 
ume steps between 101 to 100 and 100-5 to 100. In this way it will be seen 
thet unlees the coils R and 8 differ by more than one per cent., their ratio 
can be measured im the manner described within 0-002 per cent. 

It chould farther be observed that extreme accuracy in the coils 1, 2, 4, 
dc. is not necessary, since an error of one per cent. in the sum of these, a8 
compared with their true relative value to the coil C, would only affect the 
fual result 0-01 per cent. 

_ The position of R. and § in the balance relatively to A and C, &. is of course 
le. 


The diagram is not intended at all to represent the practical arrangement, 
bat simply to show the connexions. The electric balance described in Ap- 
betdix H-of last year’s Report (Plate I. figs. 1 to 6, Report 1862) was used 
with s stout copper rod between the cups ¢¢, and two additional boards with 
the copper bars H H.,JJ,,LL,, and M M,, fitted as in the above diagram. The 
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coils 1, 2, 4, &o. had amalgamated copper terminals which simply dropped 
into mercury-cups on the copper bars. The observations could be made very 
rapidly and accurately, as the galvanometer was sensitive enough with four 
Daniell’s cells to indicate the addition or subtraction of the 512 coil with per- 
fect distinctness. The reduction of the observations to find the ratio seems 
somewhat complicated at first, but with the aid of a table of reciprocals it 
takes but little time. No improvement seems necessary in this part of the 
apparatus. The idea of using large coils combined with small ones in mul- 
tiple aro to obtain extremely minute differences of resistance, was suggested 
to the writer by Professor W. Thomson, and will be found useful in very 


many ways. 
Part [11.—Margematioan THeoxny or THE ExrerrMent. 


A circular coil of copper wire is made to revolve with uniform velocity 
about a vertical diameter. A small magnet is suspended by a silken fibre in 
the middle of the coil. Its position is observed when the coil is at rest, and 
when the coil revolves with velocity w# the magnet is deflected through an 
angle ¢. Currents are induced in the coil by the action of the earth’s mag- 
netism, and these act on the magnet and deflect it from the magnetic meri- 
dian. By observing the deflection and the velocity of rotation, we can deter- 
mine the resistance of the coil in electromagnetic units. 

In determining the strength of the current we may neglect the motion of 
the suspended magnet, as it is found, both by theory and by experiment, to 
be insensible. "We have therefore, in the first place, to determine the elec- 
tromagnetic potential of the coil with respect to the earth’s magnetism, with 
respect to the suspended magnet, and with respect to itself. 

1st. Let H be the horizontal component of the earth’s magnetism. 

y the strength of the current in the ooil. © 
G the total area enclosed by all the windings of the wire. 
@ the angle between the plane of the coil and the magnetic meri- 


dian. 
Then the potential of the coil with respect to-the earth is 
—HyG sin 0. 
2nd. Let M be the magnetic moment of the suspended magnet. 
@ the angle between the axis of the magnet and the magnetic 
meridian. 
K the magnetic force at the centre of the coil due to unit current 
in the wire. 
Then the potential of the coil with respect to the magnet is 
—MyK ein. (0—¢). 
Srd. Let 4L be the potential of the coil on itself for unit current. 
Then the potential due to a current y is 
4Ly’. 
Tet P be the electromotive force, and R the resistance, then the work 
spent in keeping up the current is Py in unit of time; or, since P=Ry, the 
work spent in keeping up the current for a time é¢ is 
Ry’ de. 
If the current is at the same time increased from y to y+ dy, the work 
" in increasing the current will be 
Ly dy. 
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If the angular motion of the coil be 66, the work spent in keeping up the 
rotation against the electromagnetic force is 
HyG cos 6d0-+ MyK cos (0—¢) d9. 
Since this work is exactly consumed in keeping up or increasing the current, 
we must have 
H-yG cos 6¢0 + MyK cos (8@—9)dd=Ry* dt+ Lydy. 


Since O== at and we, the solution of this equation is 


Y= Trae GH CB 008 6+ Le sin 6)-+KM (B 00s (6—4)+Lw sin (6—4))} 


ER 
+Ce—E* 9 
the last term becoming insensible soon after the beginning of the experiment. 
We can now find the equation of motion of the magnet. 
Let A be its moment of inertia, MHr the torsion of the fibre per unit of 
angular rotation, then 


a“? —MKy cos (¢ —0)—MH (ain 9474). 
Sabstituting the value of y and separating terms in 6, we find 
aoe ee { GH(R cos ¢ + Le sin ¢)+KuR | _MH (in ¢—T4) 


1 uKe 
+SoRPGLe Lw* ) 


-+ KM(R cos 2(8—¢)-+ Lw sin 2 (86—9)) 
In order that ¢ may continue as it does nearly constant, the part indepen- 
deat of @ must vanish, or 
1 MKe {GHR Lw sing) +KMR | —MH (sin 9+ Ty) =0 
Tara (B cos 9+ 9)+ i (ain ¢+T4)=0. 
This gives the following quadratic equation for R, 
1 GKw 1 GKIw? 
2__ 7 ———_[ cos¢ == = ———_—— Iw’. 
BB ingtre\ GH) 2 
sin ¢ 
The solution of this equation may be expressed to a sufficient degree of accu- 
racy as follows :— 
GKw 
= —1 
B= Fang +7) {1+aF 500 ex ak tan" 9} 
To determine the quantities occurring in this equation, : we must measure 
the dimensions of the coil, the strength of the magnet, and the force of ten- 
son of the fibre. 


Ist. Dimensions of the coil. 


{ GH(Bcos(20—9)-+ Lwsin(20—9)) 


Let a==mean radius of the coil. ... 2... 2... cee ees = 0-1566 metre. 
n=number of windings of wire .............. =307 
I =-effective length of wire=2rna.............- = 302-063 metres, 


basbreadth of section of coil perpendicular to the 
plane of the coll ........... esse eee eees 0185 metre. 
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exadepth of section in the plane of the coil ...... = 0132 metre. 
b'==distance of mean plane of coil from axis of | 
MOTION ..,. cee ccnecves cece cece encees = ‘01915 ,, 


a==angle subtended at axis by radius of coil=83° 1’. 
U 


008 aaa 12245 ; 
3 1 ¢ 
Then G=<xna ¢ tiga 


Qxn 3 1 ¢ _ *..2 2 
K=— ain ofits, qi (2 15 sin® ¢ cos* a) 


1 6 . 3 2 +2 
(15 ein® a 08" a —3 ain a}, 


24 a? 
® 1c?  5-c ., 5 = 187. \ 
GK =-rni sin afltgats—a am @.cos’ a gaa sin a>. 
If the dimensions of the coil are measured in metres, GK will be ex- 
pressed in metres. 
Let T be the time of 100 revolutions of the coil, expressed in seconds, then 
Tw= 2002, 


or 200 
eo= ———- 


T 


Let D be the distance of the scale from the mirror, 3 the scale-reading mesa- 
sured from the point of the scale which is nearest to the mirror, then 


tan 2¢=2 , 


. 1 D 1? 
"Teng 8 {1+a7}- 
To determine MHr, the coefficient of torsion, let the magnet be turned 
round so as to twist the fibre nearly 360°. Let the difference of reading due 
to the torsion be 3’, then 


+ 


yi 
r™ 4D _ 8 ° 
4xD 


To determine ow let the suspended magnet A be removed, and let another 


magnet, which we shall call B, be put in its place. Let the magnet A be now 
placed east or west of B, at a distance equal to the mean distance of the coil, 
or Va*+5". Let the deflection of B when the north or south end of A is 
directed to it be », then 


KM 
Gir" p- 

The determination of the quantity L, the electromagnetic capacity of the 
coil, requires a more complex calculation which must be explained separately. 
In the actual experiment the deviation ¢ was always small, and therefore 
tan* ¢ was very small, so that the term depending on L was never important. 

We may now write the value of R, 


Be Oe en 1+ rections}. 


ON STANDARDS OF ELECTRICAL RESISTANCE. 171 


In this expression the quantities Dnlaare determined before the experi- 
meat ws made. The only quantities to be observed are T, the number of 
ssconds in 100 revolutions, and 3, the deviation in millimetres of the scale. 


Part IV.—Derans or rar Exrrermcents. 


Ia the experiments at King’s College, June 1863, 
a, the number of windings, was 307. 
1, the effective length of wire, 302063 metres. 
an? @ = 1 —-021756. 
D, the distance from the mirror to the scale, 2:9853 metres. 


Determination of Velocity. 


A wheel of 100 teeth turned by an endless screw caused a bell to be strack 
every 100 revolutions of the coil. The times of the bells, as observed with 
a chronometer, serve to determine T. 

Determination of Deviation. 

dis the difference between the reading of the scale when the magnet is 
acted on by the earth only, and when it is acted on also by the induced cur- 
rents in the coil. To determine 3, the reading of the scale is made when the 
coil is at rest, or when the circuit is broken. Another reading is taken with 
the connexion complete and the coil in motion. If the earth’s magnetism 
remains the same, the difference of these readings is the true value of 3; but 
since the direction of the earth’s magnetic action is continually varying, we 
must find the difference of declination between the times of the two readings, 
and calculate what would have been the undisturbed reading of the scale at 
the time when the deviation was observed. 

In our experiments this correction was made by comparison with the pho- 
tographie registers of magnetic declination made at Kew at the same time 
that our experiments were going on. 


Corrections. 
The corrections being small may be taken separately. Each has to be 
tsultiplied by the factor already considered, 
Bam DOr Daten 811 4A+B+C+D+E+F+G+H 4h}. 
A. Correction for the dimensions of the section of the coil. 
_l e 5B é 3 2 _ 16° 3 
A=_atg 3 accs'a———, sin’ 
sm -+--000075. 


B. Correction for level. Let the axis of rotation be inclined to the vertical 
st an angle 3 measured towards the north, and let the angle of the dipping- 
needle with the horisontal be I, then there will be a correction, 


Be —tan I sin f. 
In the actual experiment the level was taken with a spirit-level reading to 


12", and found correct to at least that degree of accuracy. 
C. Correction for the induction of the saspended magnet on the coil. The 


treagth of the magnet, as compared with that of the magnetic field, was mea- 
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mass, and time have to be referred to, inasmuch as some writers use the pound 
and some the grain, some the metre and some the millimetre, as fundamental 
units. This cumbrous diction, and the risk of error imported by it, would 
be avoided if each unit received a short distinctive name in the manner pro- 
posed by Sir Charles Bright and Mr. Latimer Clark, in a’ paper read before 
the British Association at Manchester, 1861. 


TABLE OF CONTENTS. 


Part I.—Lwrropucrory. 


8. Standard mechanical units. 


1. Objects of treatise. 
4. Dimensions of derived units. 


2. Derivation of units from fundamental 
standards. 


Part II.—Tue Measurement ory Maenetic PHENoMENA. 


5. Magnets and magnetic poles. 

6. Masnetic field. oer 

7. Magnetic moment. 

8. Intensity of magnetization. 

9. Coefficient of magnetic induction. 


10. etic potentials and equipoten- 
Mgrs pled ais 


11. Lines of magnetic force. 
12. Relation between lines of force and 
equipotential surfaces. 


Part IT].—Mexasvrement or Exseorric PHENOMENA BY THEIR 
ELecrroMa@Gnetioc Errscrs. 


18, Preliminary. 

14. Meaning of the 

15. Meaning of the 
current.” 


words “electric 
words “electric 
words “electro- 
17. Meaning of ,, the words “electric 


resis . 
18. Measurement of electric currents by 
their action on a magnetic needle. 
19. Measurement of electric currents by 
theirmutual action on oneanother. 
20. Weber’s Electro-dynamometer. 
21. Comparison of the electromagnetic 
and electrochemical action of 
currents. 
22. Magnetic field near a current. 
23. Mechanical action of a magnetic field 


on a closed conductor conveying 


@ current. 

24. General law of the mechanical action 
between electric currents and 
other electric currents or magnets. 

25. Electromagnetic measurement of 
electric quantity. 

26. Electric capacity of a conductor. 

27. Direct measurement of electromotive 

orce. 

28. Indirect measurements of electro- 
motive force. 

20. Measurement of electric resistance. 
30. Electric resistance in electromagne-~ 
tic units is measured by an 

lute velocity. 

81. Magneto-electric induction. 

82. On material standards for the mea- 
surement of electric magnitudes, 


Part [V.—MxasvREMENT oF Execrarc Prenomena sy Srartcat Errecrs. 


88. Electrostatic measure of electric 
quantity. 

84. Electrostatic system of units. 

85. Ratio between electrostatic and elec- 

tromagnetic measures of quantity. 

86. Electrostatic measure of currents. 

87, Electrostatic measure of electromo- 
tive force. 

38. Electrostatic measure of resistance. 

89, Electric resistance in electrostatic 
units is measured by the recipro- 
cal of an absolute velocity. 

40. Electrostatic measure of the capacity 
of a conductor. 


41. Absolute condenser—practical mea~ 
surement of quantity. 

42. Practical measurement of currents. 

43. Practical measurement of electro- 
motive force. 

44. Comparison of electromotive forces 
by their statical effects. 

45. Practical measurement of electric 
resistance. 

46, Experimental determination of the 
ratio v between electromagnetic 
and electrostatic measures of 
quantity. 


ON STANDARDS OF ELECTRICAL RESISTANCE, 163 


Part V.—Exzornical MuasvuReMEnrs DERIVED FROM THR Frvs Exexerrary 
MausSUREMENTS, 


47, Electric potential. 58. Electrochemical equivalents, 
48, Density—resultant electric force— | 54, Electromotive force of chemical 
electric pressure. affinity. 
Si: Conducting power, specific resist stant 
c resis 
ance, sad spo’ cific conducting | 56, Note to the table of dimensions, by 
51 power. aucti ' 57 Professor Clerk Maxwell. 
Specific inductive capacity. » Magnitude o units and nomen- 
52. Heat produced in a conductor by a ture. 
current, 


Arrenprx D.— Description of an Experimental Measurement of Electrical 
Resistance, made at King’s College. By Professor J. Chunk Maxwaw and 
Messrs, Baxrour Srewant and FLEEMINe JENKIN. 


Parts I., LII., and IV., by Professor Maxwutt. 
Part II., by Mr. Fiumane JEnxrn. 


Parr I. General description of the method employed—In the general 
Report of the Committee, and in Appendix C, it has already been shown that 
the most important aid to the exact science of electricity would be the de- 
termination of the resistance of a wire in absolute measure, and the publica- 
tion of standards of resistance derived from this wire. This has already 
been done by Weber®; butit is desirable that the determination of a quantity 
80 important should not be left in the hands of a single person. 

Weber has employed two methods. 

Ist. By suddenly turning a coil of wire about an axis so as to alter its 
position relatively to the terrestrial magnetic lines of force, he produced an 
electromotive force acting for a short time in the coil. This coil was con- 
nected with another fixed coil having a magnet suspended in its centre. The 
current generated by the electromotive force passed through both coils and 
gave the magnet a sudden impulse, the amount of which was measured by 
its extreme deflection. 

Thus an electromotive force of short duration produced a current of short 
duration. The total amount of electromotive force depended on the size of 
the moveable coil and on the intensity of terrestrial magnetism. The total 
amount of the current is measured by the impulse given to the magnet, and 
the mechanical value of the impulse is measured by the angle through which 
it swings. The resistance of the whole circuit, consisting of both coils, is 
then ascertained by dividing the electromotive force by the current. 

2nd. Weber’s second method consisted in causing a powerful magnet to 
oscillate within a coil of wire. By the motion of the magnet currents are 
produced in the coil, and these, reacting on the magnet, retard its motion, 
The rate of diminution of the amplitude of the oscillations, when compared 
with the rate of diminution when the circuit is broken, affords the means 
determining the resistance of the circuit. ° 

Professor W. Thomson has designed an apparatus by which the resistange of 
a coil can be determined in electromagnetic measure by the observation of 
the constant deflection of a magnet, and his arrangement has been adopted 
for the experiments made by the Committee. 

* Pogg. Ann. Bd. 82. p. 337 (March 1851); Electrische Massbestimmungen, Leipzig, 
Wiedemann ; Memoirs of the Royal Society of Sciences of Saxony, vol. i p. 197; and 
Phil. Mag. 1861. 3 

M 
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and if we take values of 3 at small intervals dt and sum them, we shall get 
fidt=xC fv dtm Cz, 


where x is the whole distance travelled in the time. 

Hence all we have to do is to observe the deviation at every oscillation, 
and to ascertain the whole number of revolutions during the time of observa- 
tion, and the exact beginning and ending of that time. This was done in the 
following way. 

The coil was made to revolve by means of the driving machine, and its 
velocity was regulated by the governor. While the required veloaty was 
being attained, the oscillations of the magnet were reduced within convenient 
limits by means of a quieting bar at a distance. The quieting bar was then 
put in its proper place and the observation commenced. 

One observer, A, took the readings of the scale as seen in the telescope, 
writing down the deviation at the extremity of every oscillation, and thus 
obtaining a reading every 9°6 seconds, 

Another observer, B, with a chronometer, wrote down the times of every 
third stroke of the bell. The times thus found were at intervals of 300 
revolutions. When the observer B noted the time, the observer A made a 
mark on his paper, so that after the experiment the readings of deviation 
could be compared with the readings of the chronometer taken at the same 
time. 

The mean time of revolution between any two times of observation could 
thus be found and compared with the mean deviation between the same 
limits of time, and any portion of an experiment accidentally vitiated could 
be rejected by itself. 

The experiments of each day commenced with a comparison by means of 
an electric balance® between the resistance of the experimental coil and that 
of a German-silver coil (called “June 4”). 

Then a series of readings of the scale was taken to determine the undis- 
turbed position of the magnet. The times of beginning and ending this 
series were noted, and called Times of Ist Zero. 

Then the coil was made to revolve, and readings of deviation and of time 
were taken as already described, and called lst Spin+. 

Then the direction of rotation was reversed and a second set of readings 
obtained, and called 2nd Spin—. 

Then the undisturbed position was again observed with a note of the time. 
This was called 2nd Zero. 

Lastly, the resistance was compared again with the standard coil. This 
series of experiments was then repeated if there was time. 

From the values of Ist zero and 2nd zero, together with the information 
obtained from the photographic registers at Kew, the true value of the un- 
disturbed reading during the lst spin and 2nd spin was obtained. The dif- 
ference between this and the actual reading is the deviation 6 due to the eleo- 
tric currents. T was got by the chronometer readings. Now let r be the 
resistance of the standard coil at standard temperature, R the resistance of 
the experimental coil during the experiment, then by the comparison of re- 
sistances we find 

R=av, 


where 2 is the ratio observed by means of the electric balance. But we also 
* Vide Report, 1862, p. 169, and present Appendix, p. 166. 
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know that RasJ + correction, where N is a known number given at p. 146. 


Hence r, the resistance of the standard coil, may be found in absolute measure 
by the formula N 


mmt* small correction ; 


the value of xT3 should therefore be nearly constant, 

Thus, on June 23rd, 1863, the experiments were made as follows :— 

At 12° 15" the resistance of the copper experimental coil was compared 
with that of standard coil “‘ June 4”’ taken at 101, and found to be 101-26. 

From 12" 36™ to 12" 45™ the undisturbed position of the suspended mag- 
net was observed, and found to be 590-28 scale-divisions as the mean of all 
the readings. 

The position of the declinometer at Kew at the same time was 7:689 of its 
own scale-divisions. 

From 12° 47™ 51°5 to 1* 3" 13* the position of the magnet was again 
observed while the coil was revolving; 104 readings of the scale were taken, 
of which the mean was 930°59. This, when corrected for scale-error, gives 
931-48 as the true reading. The position of the declinometer at Kow during 
the same time was 7°679. The resistance, measured after the experiment, 
was 101°28. 

The number of revolutions was 6300 during the time of observation, so 
that the time of 100 revolutions was 14° 464. 

By comparing the Kew apparatus with that at King’s College, it appears 
that 1-0 of the Kew scale==19°137 of the King’s College scale. The undis- 
turbed readings at King’s College were found actually to vary very nearly in 
this proportion to those at Kew. 

Hence it is easy to find the undisturbed reading during any given experi- 
ment by comparison with the Kew numbers. 

Thus, for the first experiment on 23rd June we get 


= 


Corrected undisturbed reading .......... 591-54 
Deflected reading .......... eee cece 931-48 
Deflection 3........ccccceccccces ooo. 28 339°94 
Time of 100 revolutionse=T ............ = 14-464 
Product T3 .......- cece cece eee eens = 4916-90 
Resistance at time of experiment 2 ...... = 101°28 
Tér ....... eee ees eme ener ecencecesnes = 4979-75 


Three other experiments were made on June 23rd. The result of the four 
experiments was as follows :— 
1st experiment. Positive Rotation.... T.d.ve=4979-75 


2nd , Negative .......... T.3.0 ...- 22607118 
3rd is Positive..........-. T 3.c=25093°35 
4th » Negative .......... T.d.@ .... 236007°66 
Mean Positive result ........cccccreecees 5036°55 
Mean Negative result.........0.ccceeeees .... 2260389°42 
Mean result of June 23rd.......... 6037-98 
Mean result of June 19th.......... 5075:77 
Mean result of June 16th.......... 6046-18 


Mean of three days .......5++++:- 5053-32 
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It will be observed that the mean results of each day are more concordant 
than the individual experiments made on the same day. Tho errors, there- 
fore, which we have hitherto been unable to get rid of are not of a kind 
which would have the effect of making the result depend on the arrange- 
ments adopted on the day of experiment, but are rather such as would de- 
stroy one another in any long series of experiments. 

Dividing N by the number just found, we get for the resistance called 100 
provisionally, _ 106493470 + 61100 = 10655470, 
the second term being the correction for self-induction and for scale-reading. 

Since the coil of German silver, marked June 4th, was called provisionally 
101, we find as the result of the experiments for the resistance of “ June 4” 
in absolute measure 

107620116 metres per second. 

Knowing the absolute resistance of “June 4,” we may construct coils of 

given resistance by known methods. 


Abstract of Report by the Indian Government on the Foods used by 
the Free and Jail Populations of India. By Evwarp Situ, M.D., 
DL.B., F.R.S., Fellow of the Royal College of Physicians, Assistant 
Physician to the Hospital for Consumption at Brompton, &c. - 


Tue Meeting of the British Association held at Manchester in 1861 re- 
quested Dr. John Davy and myself to represent to the Secretary of State for 
India the advantage which would accrue to science if a Report were obtained 
on the dietary of jails throughout India, on the plan pursued by Dr. Mouat in 
his Report on the jails in Lower Bengal. The Secretary of State was pleased to 
accede to this request, and during the early part of the year 1863 copies of 
the Report so obtained were courteously sent to me, and probably to others 
interested in the matter; and as so valuable a collection of facts could not be 
duly appreciated by the members of the British Association in the volumi- 
nous form in which they were presented, I thought it might add to the service 
which the Report will render if I prepared an abstract of it which should 
contain the most important facts. My proposition to do this was accepted by 
the Meeting of the British Association held at Newcastle in 1863, and it was 
directed that the abstract should be printed amongst the Reports ® . 

The Report contains information from more than one hundred military and 
civil surgeons, and comprehends the districts of Bengal, the North-western 
Provinces, the Punjab, Oude, and British Birmah. Some of these reports are 
of considerable length, and offer much information on the natural history, 


® Whilst preparing this abetract, I have been much impressed with the desirability, I 
may almost say the necessity, of a calculation being made of the nutritive elements con- 
tained in the ollowing extensive series of dietaries, since, without this, the reports are of 
comparatively little value, and may be likened to a bill of parcels with the prices omitted ; 
but as the calculations would have ied fully a month, I felt that it would not be just 
to myself to undertake them, im addition to the great labour necessarily involved in 
abstracting upwards of 100 reports ; and, moreover, s0 important a public service should 
be performed under the direction of some ment of the Government. It is a curious 
coincidence that the medical department of the Privy Council has, during the present 
year, desired me to make a similar inquiry in reference to the British Islands; and these 
are the only serious attempts which have made in any country to determine the nature 
and nutritive value of the national dietary. The absence of the calculations just referred 
to renders the Indian returns valueless for comparison with the British inquiries. 
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preparation, and use of foods, with descriptions of the several classes and 
eastes of the people and their habits with regard todietary. Many give explicit 
answers to one of the questions which seem to-have been proposed to the 
writers, viz. the daily diet of an adult labourer; but many, unfortunately, omit 
this return altogether ; whilst others mention the quantity of the several foods 
which would be eaten daily, when used, but do not select, out of the number re- 
ferred to, those articles which together constitute the daily dietary. Hence, 
whilst mach physiological, botanical, ethnological, and social information has 
been given by the reporters when thus left to their own discretion, it is certain 
that an exact form of report upon this essential question of the daily dietary 
would have added greatly to the value of the inquiry. In abstracting the 
returns, I have almost limited myself to the two questions upon which infor- 
mation was especially desired—the food and daily dietaries of the free and 
imprisoned populations; but have added information respecting the inhabitants, 
and their selection and preparation of food, with the effect of this food on their 
health and strength. When the remarks were important, I have usually stated 
them almost in the words of the reporters. As there are great numbers of 
both vegetable and animal foods the names of which are unknown here, I have 
seldom transcribed them ; and in reference to weight, I have given them in 
English ounces and pounds, reckoning 1 seer==2lbs., and 1 chittak=2 ozs., 
except in two or three localities where the weight was stated to differ from 
that standard. 

The reports mm reference to jail dietaries have been obtained at an unfor- 
tunate period, since a new scheme of jail dietary was promulgated by Dr. 
Mouat in 1862, and time had not been given to ascertain its effect. Several 
schemes have been devised and ordered to be adopted within the last twelve 
years: viz., the old scale, 1857; the Medical Board scale; Mr. Lock’s scale, 
1854; Dr. Mouat’s seale, 1858 ; another scale, 1860; and Dr. Mouat’s new 
scale, in 1862. When the new scale had been adopted at any jail, I have not 
considered it necessary to quote the older ones, or to refer to their effect upon 
the prisoners. The tables which are issued with the different reports have a 
formidable appearance to the reader ; but, on careful scrutiny, I find that they 
may be referred to about twenty-five types, and I have arranged them in an 
Appendix, and referred to them by number at the end of each report. 


BuneaLt.— Dacca Cracre. 


1. Dr. H. M. Davies, of Noakhally, states that rice is the principal food 
in use, and that it is eaten with dal (leguminous seeds), chillies, garlic, onions, 
and other vegetables, as cucumbers, melons, plantains, beans, and pulse, with 
fish and milk and flesh occasionally. All are usually boiled together and 
made into curry. The food is of low nutritive quality, and the inhabitants 
are not robust. He gives the dietary at Noakhally Jail. (Diet No. 1 in the 
Appendix.) 

2. Dr. R. C. Coanpna, of the district of Tipperah, states that rice is the 
staff of life, and is eaten twice or thrice a day, in a total quantity of } to 1} 
seer==32 ozs. to 40 0zs. The two ordinary meals are taken at 10 orll am. 
and after sunset, whilst the third, when eaten, is taken early in the morning, 
before going to work. Vegetables are made into curry and eaten once a day. 
Fish, fresh or salted, is eaten twice or thrice a week. Dal is rarely eaten 

five to seven times a month. Meat (fowl, beef, and goat) is rarely 
eaten by Hindoos, and only eight or ten times a month by Mahomedans. 
The condiments are mustard-oil, salt, ginger, turmeric, and chilli; and among 
the Mahomedans, onions and garlic, vegetable acids, and mangoes. Indian 
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plum and tamarinds are eaten eight or ten times a month. There is but 
little nitrogen in the food, but it is sufficient. The spare use of dal and 
vegetable acid is significant. He gives the dietary at the jail, divided into 
that of the labouring and non-labouring classes, and remarks that it is suffi- 
cient in quantity, but deficient in quality. Dal is given too often, as it is 
difficult of digestion and causes bowel-complaint. There is a deficiency of 
vegetable acid. (Diet No. 13.) 

3. Dr. R. Bunauny, of Mymensing, states that at the early morning, mid- 
day, and evening meals from 2 lbs. to 3 lbs. of rice is eaten, with dal 4 ozs. to 
8 ozs., fish from 2 ozs. to 1 Jb., vegetables (foliaceous or succulent) 4 ozs. to 
8 ozs., oil or ghee, with various condiments. The very poor eat 3 lbs., and 
_ others 4 Ibs. to 8 Ibs., of solid food daily. Dal produces bowel diseases, and fish 

eutaneous or bowel diseases, particularly on the eastern side of the district, 
where 1 Ib. of fish is eaten daily. He gives the jail dietary, both old and 
new, and states that less than the ordinary quantity, but more than the 
ordinary quality, of food is needful in confinement. Prisoners, when young 
and robust, lose weight after a few months’ incarceration ; and the quality 
(animal food) does not restore the loss. (Diet No. 1.) 

4. Dr. A. Suurson, of Dacca, states that 14 lb. to 2 lbs. of rice (8 kinds) 1s 
required at each of the meals. It is simply boiled, when it is called bAdé, or 
is prepared into choora, mooree, khoi, or moorkee; but bhdt is the only whole- 
some form asa daily food. Rice should be kept three years before it is used, as, 
when new, it is not easily digestible, and causes dyspepsia and diarrhea. Dal 
(7 kinds) 8 ozs., or 1 poa, are eaten daily. It is boiled with turmeric until it 
is quite soft, when condiments are added, and it is eaten with rice or bread. 
Dals are very nutritious, but differ in digestibility. They grow and are used 
mniversally in the district, and the cost varies from 1 anna to 2 pice per- 
2lbs. Barley is rarely used, except on the last day in the year, when it is 
parched and finely powdered, and 8 to 24 ozs. eaten: it is digestible and nutri- 
tious, and is sold in the husk at from 12 annas to 1 rupee per maud. Wheat 
is eaten chiefly by natives of the Upper Provinces, and is imported from 
Malda and Patna. Fine flour, costing 2 annas per .2lbs., is made into 
sweetmeats and fermented or unfermented bread. The only baked bread of 
the Hindoos is prepared at home, and is the chapatiee; it is made into 
small biscuits, and eaten, when hot, with ghee or clarified butter. The rich 
Hindoos eat another preparation, malpooah. In the towns both Hindoos 
and Mahomedans eat two principal meals, consisting of rice, fish, and curries, 
the Mahomedans eating meat also, whilst bread and mithias (sweetmeats) 
are eaten between meals. He mentions twenty-one kinds of vegetables, 
besides leaves, stalks, and fruits (including potatoes, cabbage, cauliflower, 
lettuce, turnips, carrots, beetroot, celery, radishes, French beans, cresses, &c.), 
of which about 8 ozs. are eaten at ameal. They are generally digestible and 
nutritious; they grow in the district, and cost 1 pice to 1 anna per 2lbs. He 
gives the mode of cooking. Forty-five kinds of fish, with cow’s, buffalo’s, 
and goat’s milk, and various kinds of meat, eggs, and game, are quoted; and 
of these about 8 ozs. are taken at the two meals. Fish is fried in oil, with 
condiments, and added to the prepared vegetables. Milk is eaten simply 
boiled, or boiled until it becomes a semi-solid mass; or is curdled by heat 
or acid, and eaten with the curd separated or otherwise. Butter is gene- 
rally made from the douhee (milk curdled with acid), and sometimes from milk ; 
it is rarely eaten by the natives, who prefer ghee or clarified butter, and fry 
their food in it. Shor or malas is milk kept at a low heat for six hours, 
until the cream rises (as in making the clotted cream in Devon). Hindoos 


ON FOODS OF FREE AND JAIL POPULATIONS OF INDIA. 179 


may eat only the flesh of the he-goat offered to some god or goddess. They 
eat pigeons and ducks occasionally, and turtle during the two first months 
of the cold season. They also eat ducks’ and turtles’ eggs, but not fowls’ 
eggs. The Mahomedans eat all kinds of meat, except that of swine and 
turtle. Fish is cheap; milk is dear (14 anna per 2 lbs.). Meat costs from 
1} to 3 annas per 2 lbs. Fruits are ly eaten at each meal; they are 
cheap, and for the most part nutritious and digestible ; twenty-nine kinds are 
named. The dietary in the jail varies with duration of imprisonment (one, 
two, or three months) and labour. (Diets Nos. 5, 6, and 7.) . 

5. Dr. E. J. Garzn, of Burrisaul, states that the industrial classes eat two 
meals daily, costing 6 pice each, and each consists of rice 1 lb., fish 6 ozs., 
dal 4 ozs., and vegetables 6 ozs. The food is prepared only from the best rice 
(the cheaper kinds being eaten by those who can only afford 4 to 5 pice a 
day), and is made into curry. The foods are all wholesome, The jail dietary 
is very poor—only about half of the dietary in freedom. It is monotonous 
and injurious to health. The weight of the prisoners in }$% cases lessened, 
and on the whole 273 the average loes was 9ozs. The rice is boiled sepa- 
rately, and the fish, dal, dc. made into curry, as in freedom. The kind of 
food varies somewhat with each month. There is no variation in food with 
duration of imprisonment, and on Sunday it is in all cases that of the non- 
labouring class. 

6. Dr. J. H. Tuounron, jail at Cherra Poonjee, states that the better clase 
live upon rice and fish, the latter fresh (yet decomposed) in the cold season 
and dried in the sun in the rainy season. They also eat boiled vegetables, 
opium, bhang, &c., drink strong spirits, and smoke tobacco. Afterwards they 
eat meat. The poorer Hill-class find rice too expensive, and live upon potatoes 
and other vegetables. In the interior they eat millet, maize, &c. Where 
very poor, they live chiefly upen roots. The diet and habits are most injurious. 
to health. The mortality is very great, and fevers, bowel-complaints, rheu- 
matism, &c., prevail. The jail dietary is varied only with the labour. 
(Diet No. 3.) , 

7. Dr. J. G. Frenca, of Assam, gives an account of the various kinds of 
rice, and of ita harvesting and cooking. The poorer class eat from 14 to 2 Ibe, 
daily, but the wealthier persons eat only from 10 to 16 ozs., and obtain other 
foods not procurable by the poor. Dal is eaten by the higher classes to the 
extent of 2 to 30zs. daily, whilst the poor do not obtain it, or get only the 
coarser kinds. Some kinds are unwholesome, and produce bowel-complaints. 
Fish is very plentifal, except in the heavy rains ; and the small ones, in a state 
of decomposition, are eaten by the poor. The daily quantity is about 4 ozs, 
for the poor and 6 ozs. for the higher classes. Milk is not much used, except 
by the better classes. Mustard-oil is eaten to the extent of 4 os. by the poor, 
and loz. by the rich, or the latter obtain ghee. Meat is not eaten by 
Hindoos. Salt to the extent of 4 to 1 os. is eaten daily, orin its absence the 
ashes of the plantain. Vegetables and fruits are used largely, and a long list 
of them is given, under the heads of, first, leaves and stems ; second, roots and 
fruits ; and third, seid or seasoning articles ; and about 8 ozs. of them a day is 
eaten. 


Museulmen eat the same food as the Hindoos, and in addition eat the flesh 
of goats, kids, cows, buffaloes, &c.; but there are not many Mussulnien 
there. Hill-men take food similar to that of the Mussulmen ; and in addition 
eat pigs’, pups’, and leopards’ flesh. They also drink much mead, an intoxi- 
cating drink obtained from rice. The following is the scheme of quantity, 
and cost of food, 9 

" 
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Poorest Class—Hindoo Labourers. Better Class. 


Quantity. | Cost. | Quantity. | Cost. 


“i 
| 


. The Assamese are stronger than other Hindoos; but the Hill-men and 
Mussulmen eating flesh are superiorin muscular development, activity, strength, 
and courage. Opium-eating prevails, and renders the victims susceptible to 
attacks of epidemics and malaria. Rice and curries compose the meals. He 
thinks the new jail dietary sufficient, viz. 28 ozs. for non-labouring, and 24 ozs. 
for labouring prisoners; and approves the plan of putting all prisoners on the 
first to begin with, until accustomed to the regular dietary of the jail and in 
full work. He gives the present scale of diet, which varies with the race 
and labour. (Diets Nos. 1 and 3.) 

8. Dr. W. B. Beatson, of Chittagong, states that rice to the extent of about 
27 ozs. is the daily food. New rice is generally eaten, and is cheaper than 
old, but not so nutritious. It is said to be productive of rheumatism, per- 
haps from the formation of excess of lactio acid. The rice-water is not 
always thrown away. Labourers take an early breakfast of the rice left from 
yesterday, and two other meals of rice and vegetables. Chillies are eaten so 
largely as 3 ibe. per month. Oil or ghee and dals are tov expensive, and. 
therefore but little eaten. The skins of seeds are rejected as indigestible, and 
some of the dals are unwholesome. Vegetables are eaten abundantly, and 
cooked with condiments, fish, and shrimps. A loathsome compound for 
human food is made from the refuse of fish dried in the sun, and mixed with 
the excrements of the crows feeding upon it. The Mussulmen eat animal 
food in considerable quantity when they can afford it. A boat’s crew of 
twelve men ate the fore quarter of a large hog-deer, with ail and rice, at 
one meal; and would eat at a meal 10 lhe. of pumpkin, 18 lbs. of rice, 8 ozs. 
of shrimps, 2 ozs. of chillies, 4 ozs. of salt, with sometimes 2 Ibs. of dal 
cooked with salt and chillies. Milk is highly appreciated, and particularly 
by the Hindoos. The Feringhees eat more largely of poultry, pork, and 
other animal foods. The Mughs are almost carnivorous, eating snakes, 
ltards, &o. Spirits and intoxicating drags are largely taken. The Mughs 
in the hilly districts are the finest race of men, and then the Hindoos of the 
fishermen caste. The Feringhees are a weak and degenerate class, and as a 
race the Mussulman and Hindoo natives are anything but robust. Hygienic 
genditions are very defective, and miasma is nfe. The new jail system of 

ietary had been too recently introduced to enable him to show the effect of 
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it, but he thinks it will improve the condition of the prisoners. The former 
scale was also sufficient. 

9. Dr. B. Bosz, of Furreedpore, enters largely into the general value and 
influence of vegetable and animal aliments. Among the amylaceous ali- 
ments he includes rice, wheat, barley, sweet and common potatoes, yams, 
maize, ole, and green plantains. Rice is the national Bengalee food, and the 
others are only supplements. The daily quantity is 26 ozs. among the 
labourers, and 20 to 22 ozs. among the higher classes. Various modes of 
eooking it are given. Fish, flesh, dals, vegetables, and condiments are eaten 
as largely as the means will allow; but they never supplant rice. Legu- 
minous seeds are treated as under the head of amylo-albuminous aliments, and 
Dr. F. Watson’s analyses are quoted. The daily consumption is 3 ozs, Of 
oleaginous aliments, mustard-oil is particularly referred to, and its external 
use in rendering the skin soft, in protecting it from heat, in restraining evapo- 
ration ®, and in various other ways, is pointed out. The cocoa-nut, both in its 
fluid and kernel, is treated of. About 1 os. of oil is eaten daily. Sugars are 
eaten to the extent of about 2 ozs. a day, and are made into sweetmeats or 
festive aliments. The sweet fruits and other sources of sugar are largely con- 
sidered. Mucilaginous substances are eaten to the extent of 4 ozs. daily ; 
also acidulous and bitter foods and condiments in an unascertained quantity. 

Fish is a most important part of the diet, and is almost the.only source of 
animal aliment. Milk is used not uncommonly. Butter is used only on 
special oceasions. Ghee is simply butter melted by heat, and will keep good 
for many months; it is less digestible than butter. Skimmed milk and 
buttermilk are eaten, and he describes various preparations of milk. Flesh, 
being dear, is seldom used by the working classes, whether Hindoos or Maho- 
medans : the latter consume fowls, beef, and mutton. Eggs are rarely eaten, 
but are sold. Hindoos eat he-goats, kids, turtles, pigeons, and ducks, and 
their eggs; but the kids must be sacrificed to their gods. Palaows, kaleeas, 
kormas, koptas, and katce-kababs are the most common dishes, and their pre-~ 
peration is described. Tho daily consumption of animal food, ineluding fish, 
milk, and flesh, is 7 ozs. The jail dietary is varied with labour and duration 
of imprisonment, and is described. (Diets Nos. 5, 6, 7, and 8.) - 

10. R. Brown, Esq., of Sylhet, states that flesh is eaten verysparingly. Fowls 

are eaten occasionally. Fish is plentiful, and is a most important and staple 
animal food. The kinds of fish and the modes of cooking are described. Rice; 
from its cheapness, constitutes a large part of the dietary, and next in im- 
portance is dal. He names the vegetables and fruits in use. Milk, ghee, &e, 
are very little used except by the ryots, who keep cows, and they use them 
in considerable quantities. A quarter-ounce of ghee is used toa half-pound of 
dal. Sweetmeats are eaten very sparingly by the poor. Spices and onions 
are used largely. Opium-eating prevails among Mussulmen and Hindoos, 
and drinking of spirits by those living in the hills. There are usually three 
meals daily, the chief of which is that st midday. The following are the 
quantities (see Table, p. 182). 
In some places fish is almost the only article of diet. The jail die 

varies with race and labour, and is given. (Diets Nos. 1, 2, 3, and 4.) 


BaRRACKPORE. 


11. Dr. R. Fare, Bancoorsh, divides the inhabitants into two classes, of 
* As shown inm work, ‘ Health and Disease ae influenced by the cyclical Changes in the 
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Morning. | Midday. Evening. 


OZ. 
12 


22 
= 3lbs. 133 oz. 


whom the Chasa, Salee, Khoibut, Sorak, Sooree, and Agoree castes are in 
tolerably good circumstances. They eat thrice a day. The morning meal 
eonsists of somewhat Jess than 2 ozs. of rice, which they eat parched. The 
midday meal consists of rice 1 lb., vegetables 2 ozs., dal 1 oz., salt 4 tolah, 
and oil 1 talah. The evening meal is composed of rice 8 ozs., vegetables 
1 of., dal 1 oz., salt 4 tolah, and oil 1 tolah. A quarter of a pice worth of 
massalah is eaten with the midday and evening meal. The second class, 
eonsisting of the Khoira, Lohar, Bagdee, Majee, Baoree, Santhal, Koorme, 
Bhoomig, Bhooea, Mall, and Khariah castes, are in inferior circumstances, 
and live chiefly upon animal food. They rarely eat much rice, and only 
during six or seven months of the year. ing the remainder of the year 
they live upon jungle-leaves, fruits, and seeds, with almoat all kinds of 
"jungle animals and fowls. The jail dietary varies with labour, the Sunday’s 
food containing 2 ozs. of rice and 2 ozs. vegetables less than that of the other 
days, and the non-labouring classes have the Sunday’s food daily. The food 
of the labouring prisoners on six days of the week contains 34 ozs. more food 
than that of the free population, and upon it the prisoners keep up their 
health and weight. (Diet No. 9, nearly the same as No. 4.) 

12, Basoo K. CO. Cuarrenser, Baraset, states that the ordinary food of the 
labouring population consists of rice (both varieties, aoos and amyn), fish, 
vegetables, dal, oil, salt, condiments, and occasionally acidulous fruits, milk, 
curd, whey, and flesh. The vegetables are of the indigenous and cheap 
kinds; the fish fresh, dry, and salted. Dals are eaten once or twice a week. 
The Hindoos eat only the he-goat among animal foods, and then only on 
feative occasions; whilst the Mahomedans eat goat, sheep, fowl, &c., and 
eggs; but, though not prohibited by their religion, they seldom eat beef. 
The Kaorahs and Domes eat pigs, and the Moochees the flesh of buffaloes and 
dead cows. Mustard-oil, turmeric, sea-salt, chillies, black pepper, and mus- 
tard-paste are eaten by all classes, but onions and garlic by the Mahomedans 
and lower orders of Hindoos only. The farmers occasionally eat milk, curd 
and whey, and molasses is largely eaten by both Hindoos and Mahomedans. 
The jail dietary differs from the free dietary only in the absence of milk; 
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and the following Table shows the weekly quantity and kind of food, varying 


with duration of imprisonment, and compared with the free dietary. 


Prisoners. 


Mahome-| Above From From Within 
dans. [3 


s. ch.| 8. ch.{; s. ch.{ s. ch.| s. ch./ « oh. 
sec c cece ae 6 8 7 O 4 6 4 1 4 1 314 
wc ce cee eee ‘0 4 0 3 0 15 0 8 0 8 0 5 
2 0 2 0 1.4 0 8 0 4 0 1 
wee e eee ace 0 2 0 2 0 6 0 0 0 0 0 0 
wee e cease 0 0 0 3 0 6 0 0 0 0 0 0 
cece wees 0 3 0 3 0 2 0 13; 0 19 0 13 
cee ce acee 0 2 0 2 0 2 0 1 0 } 0 
cee eee 0 1 0 1 0 2 0 0 0 O 0 
01 0 4 0 2 0 ; 0 4 0 ¢ 
eee cece 08;00;0 0] 0 0 0 
eee eee 0 2 0 2 0 0 0 0 0 0 0 0 


The rice used is the coarse kind only. The varieties of dal are limited. Goat’s 
flesh is given when fish is scarce. Two meals daily are given, at 11 a.m. and 
after 5 p.x. Mahomedans are stronger and healthier than Hindoos because 
of intermixture of races and more nutritious food. The locality is low and 
marshy, and induces endemic diseases. The prisoners suffer from bowel-com- 
plaints, mental despondency, &c. ; and, from confinement, the digestive powers 
cease in a few months to take or digest the allowed quantity of food. 

13. Dr. A. J. Saerman, of Beerbhoon, gives a detailed account of the foods, 
end their prepafation, in use there; and, after stating that it is difficult to 
get reliable information, shows that at the two meals daily the following 
food is eaten :—rice 24 ozs., dal 3 ozs., parched rice (moorhee) 4 ozs., vege- 
tables 6 ozs., oil 1 oz., massalah 1 oz., salt 1 oz. = 40 ozs. daily. Sometimes 
3 or 4 ozs. of fish is substituted for the dal and vegetables ; and when more 
food is required, the dearer kinds are omitted, and the cheaper increased. : 
The poor food renders them liable to endemic, sporadic, and epidemic diseases. 
The jail dietary varies with the labour, and on Sundays it is that of the non- 
labouring classes. He deprecates the cooping-up of the prisoners by high 
double and triple walls, and the deficient supply of fresh air. (Diet No. 1.) 

14. Dr. A. A. Mawre.t, of Balasore, describes in detail the several foods 
in use, as well as their modes of preparation, and includes spirits and intoxi- 
cating drugs. The inhabitants not addicted to the latter enjoy good health ; 
bat the smallness of the quantity of protein-compounds prevents a high state 
of vigour among the Hindoos. The sedentary become fat. Fever and bowel- 
complaints prevail. The long intervals between meals predispose to endemio 
disease. The jail dietary varies with labour and duration of imprisonment, 
and is sufficient for health. The mortality has doubled since 1859, and is due 
to the confinement of the prisoners within the walls instead of being employed 
om the roads. (Diets Nos. 5, 6, 7, and 8.) 

15. Dr. H. J. Wrut1ams, Burdwan, after describing the foods under the 
heads of rice (two kinds, hona and rokum), dal (seven kinds), fish, flesh (very 
rarely eaten), milk (eaten by all classes), vegetables (twenty kinds), acid 
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fruits (six kinds), ripe fruits (thirteen kinds), with sweetmeats, pawn, and 
tobacco, states that the average health is good, and the people are well 
nourished. The jail dietary varies with labour and duration of imprison- 
ment. The sameness of food and the small quantity of animal food and phos- 
phates lead to phthisis, and the lowest and poorest classes think life scarcely 
worth possessing in the absence of pawn and tobacco. (Diets Nos. 5, 6, 7, 
and 10. 

16. Br R. Paimexrz, Cuttack, states that among the coolies and the lowest 
class, rice, with watercresses and the small crabs found in tenks and jheels, 
is almost the sole food. The quantity of rice is 2 seer (= 79 tolahs), two- 
thirds eaten at the morning and one-third at the evening meal. ‘The natives 
generally add 1 chit. of dal and perhaps 2 chit. of vegetables to the evening 
meal. When wood is dear, the evening meal is the only hot one. The 
natives are almost exclusively Hindoos, and eat very little animal food. On the 
pea-coast fish constitutes half the diet, whilst inland they consume ah increased 
quantity of vegetables, rice, and dal; and in the independent States, at a dis- 
tance from rivers and cultivation, rice is almost the sole food. The inhabitants 
of the coast are in the best health. Only the lowest class of Hindoos take 
opium and spirits. Mussulmen are well fed, since, in addition to the food of 
the Hindoo, they take from 2 to 3 chit. of flesh daily. The jail dietary varies 
with labour and duration of sentence, and is the best on Sundays. The diet 
is sufficient. (Diets Nos. 5, 6, and 7.) 

17, H. Corzine, Esq., Darjeelung, states that in fhe hills there are four 
distinct races, viz., Lepehas (natives of Sikkim), Bootias (natives of Bootan), 
Nepaulese, and Plains-men of all castes. The Lepehas, Bootias, and Nepaulese 
eat twice in the day, the two former 11 ozs., the last 12 ozs. to 16 ozs. of 
rice; the two former 8 ozs. of meat, chiefly pork, with a small quantity 
of salt, 2 to 4 ozs. of vegetables, and 14 pint of a fermented liquor (snurrua), 
whilst the latter, in addition to the rice, take 6 ozs. to 8 ozs. of dal and a small 
quantity of salt and vegetables, chiefly potatoes. The last also sometimes 
eat goat’s meat, mutton, pigeons and fowls, and bread made of wheat, millet, 
or Indian corn. The two former take tea instead of murrua in the morning, 
if they can afford it. The higher castes of Nepaulese do not eat meat after 
their marriage, and never drink fermented liquors; whilst the lower castes 
indulge in both, when they can procure them. The Lepehas and Bootias, 
and particularly the former, are remarkably healthy, and have well-developed 
leg-muscles, but have not great powers of endurance. The Nepaulese are 
short, active, and wiry, with little muscular development, but great powers of 
endurance. They are moderately healthy, but liable to disease of the lungs 
and bowels, the latter due to the farinaceous food, and the former to insuffi- 
ecient clothing. The Lepehas and Bootias wear woollen clothing. The jail 
dietary varies with labour, duration of sentence, and day of the week, and is 
insufficient to maintain health and weight, especially for the Lepehas and 
Bootias. (Diets Nos. 5 and 11.) 

18. Dr. 8. C. Amxssuny, Dinagepore, states that rice, vegetables, fruit, 
massalahs, fish rarely, and meat occasionally, constitute the dietary. The 
daily quantity is, rice 24 ozs., and vegetables, including dal 3 a pice worth. 
There are three meals a day, the first consisting of the food left from the 
former meal. The respectable classes, with food of good quality and well 
cooked, are in good health, whilst the poorer, having the opposite conditions, 
are liable to scurvy, diarrhea, and general debility. The jail dietary is suffi- 
cient, as the prisoners gain weight. He agrees with Dr. Mouat that fresh 
vegetables are better food than dal. The dietary varies with labour, and 
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somewhat with the day of the week, and on Sundays it is that of the non- 
labouring class. (Diet No. 4.) ) 

19. Dr. J. Eruior, Hooghly, states that the dietary of the free labourer is 
much larger than that of prisoners, and that the occupation of the former in 
the open air improves the appetite and digestion. The dietary in jails varies 
with labour, and somewhat with the day of the week, and on Sundays is that 
of the non-labouring prisoners. The prisoners are as healthy as the same 
elass when free. He gives two tables showing the dietary in various classes 
or castes of the people, with their occupations, and the kind, quantity, and 
price of foods. Cowherds and milk-sellers eat 24 lbs. of rice, 4 lb. of dal, 
and 1 ib. of milk, costing six pice, whilst numerous others supplant the milk 
by 2 ozs. of fish or the flesh of dead cattle or other meat, the daily cost vary- 
ing from four to six pice. The Hindoo labourer takes no animal food but 
fish, whilst the Mahomedan always eats meat. (Diet No. 11.) 

20. Banoo H. Mooxersez, Ooterparrah Dispensary, states that the food 
consists of cereals, as rice, grain, &c., eaten with milk, rancid butter, fish, 
mustard- and linseed-oil, vegetables and leaves ; roots and tubers, as potatoes, 
carrots, onions, turnips, radishes, &c.; fruits, as plantains, water-melons, 
mangoes, tamarinds, &c.; peas, beans, and other varieties of pulse; molasses 
and sugar. The effect of the dietary is salutary. " 

21. Dr. T. W. R. Amessury, Jessore, states that at two meals daily some 
or all the following are eaten :—rice 24 ozs., dal 8 ozs., vegetables 8 ozs., fish 
12 ozs., oil 12 ozs. (?), salt 4 0z., spices 4 oz., milk 2 lbs., ghee 6 oz., and to 
these the Mahomedans add flesh. They regard quantity rather than quality, 
and consider the quantity of rice as the measure of the meal. Vegetable food 
is more adapted to the climate than animal food, and the latter of inferior 
kind is the cause of skin-disease among the Mahomedans. Ghee is less eaten 
than oil by the well-to-do people, and too much of it leads to hepatic disease. 
The Hindoos take only milk and fish among animal foods. All classes, ex~ 
cept strict religionists, eat intoxicating drugs. Those who live without the 
latter and on vegetable food thrive well, but cannot resist disease. The jail 
dietary varies with race, labour, and day of the week, that of Sunday being 
that of the non-labouring class. (Diets Nos. 1 and 2.) 

22. Dr. R. F. THompson, Maldah, states that wheat and rice are eaten in 
equal proportion by the descendants of the Hindostanee stock, but rice only 
by the pure Bengalee. Barley-meal or parched barley is much relished 
when seasoned with milk and sugar. Barley bread and wheaten bread and 
confectionary are used. Jal, fish (which is cheap and abundant), meat (not 
in general use), milk, and dhoe (used universally), ghee (a great favourite), 
mustard-oil, vegetables, particularly the potato, salt, mangoes, and river 
water constitute the dietary. The jail dietary varies with labour. Thus, 
with labour, the oldest rice 20 ozs., dal 4 ozs., vegetables 4 ozs. (fish 4 ozs., 
in lieu of vegetables, twice a week), salt, chillies, and oil} oz. The diet of 
the free labourer is, the cheapest rice 20 ozs., dal, fish, or vegetables 4 to 6 
ozs., or perhaps only dhoe. The jail dietary is as good as the free dietary, 
and the health of the convicts is good. 

23. W. J. Exxis, Esq., Manubhoom, states that the working-classes are 
mostly low-caste Hindoos, as the Bowrees; yet they will eat almost all kinds 
of flesh, as that of tigers, rats, serpents, and even the cow. The principal 
diet is rice and Indian corn, on which they live entirely for six months of 
the year. Vegetables of even inferior kinds, and fish, which is scarce, con- 
stitute the food. Those who work in the Mofussil live on gruel made with 
rice steeped in much water, with or without vegetables boiled with salt. 
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They do not eat dal or curry, and the oil is used only for anomting their 
bodies. The town labourers take three meals daily, the first consisting of 
the remnants of the last evening’s meal, and all classes take the rice-gruel 
with their other food. Such labourers earn from six to twelve pice a day; 
but where only three or four pice are obtained, the midday meal is di 

with. The Indian corn is parched or ground into meal, and eaten with water. 
The lower classes are dissolute and drunken. The jail dietary is ample, and 
the labour exacted is small. Compared with free labour, it is as follows :— 
Convicts, rice 24 ozs., dal 6 ozs., vegetables 4 ozs., salt 1 oz., oil 1 oz., massalah 
1 oz.; whilst the free labourer has 4 ozs. of dal and 1 os. of massalah, and 
2 oza. of fish alternating with the dal. (Diet No. 12.) 

24. Dr. B. Kewpatzt, Midnapore, gives the daily free dietary as follows :— 
rice 24 ozs. to 28 ozs., vegetables 4 ozs. to 6 ozs., dal 2 ozg. to 4 ozs. once 
or twice a week, and fish when they catch any. Besides these two meals, 
parched rice and molasses or sweetmeats are eaten once a day. Most of the 
farm-labourers have cows or goats, and take milk and ghee in small quan- 
tities, whilst in towns they buy a little duhee and buttermilk. The Mus- 
sulmen also eat flesh, but irregularly. The Sonthals and Dhanghurs eat rats, 

, squirrels, and some species of snakes. Bowrees eat cats and decomposing 
animals which have died in any way. The Swalghur or Kucher caste eat 
jackals, crows, and carrion. The jail dietary of 1858 (diet No. 13 appended) 
was deficient in fresh vegetables, and caused much sickness and mortality ; 
and that of 1862 is insufficient in rice. The dietary varies with the race, 
labour, and day of the week, that of Sunday being the non-labouring scale. 
(Diets Nos. 1, 2, 3, and 4.) 

25. J. H. Gurss, Esq., Moorshedabad, states that the free dietary is as 
follows :—coarse rice 24 ozs. to 32 ozs., dal 4 ozs., vegetables 2 ozs. to 4 ozs., 
and fish 2 ozs., besides condiments; and with 4 ozs. of onions for the Maho- 
medans. In the eastern districts attah is used with rice. There is the 
morning meal of 4 ozs. of rice, and the two regular meals at one to two P.M. 
and eight to nine p.w. They smoke tobacco before and after eating. They 
are undersized and unhealthy. Many suffer from disease of the spleen and 
diarrhea, due probably to the ill-ventilated huts and badly located dwellings. 
The jail dietary is sufficient ; for although lees than the free dietary, the pri- 
soners generally gain in weight. It varies with duration of sentence, and 
on Sundays the short-term prisoners have more food. (Diet No. 8.) 

26. Dr. J. J. Dunant, Pooree, states that rice is the staple food, then vege- 
tables, and then dal. Animal food, except fish, is too expensive. They are 
indolent and unenterprising people, living in low, dirty places, and covering 
their skins with turmeric paste as a safeguard against the bad effects of the 
sea air, which causes it to be of a yellow or jaundiced colour. All ages and 
sexes smoke, and drink narcotics. A detailed account of the various foods 1s 
given and the daily dietary consists of from 16 to 18 chit.* of rice, or even 

ouble that quantity, at three or four meals, vegetables 1 to 2 chits., dal or fish 
1 to 4 chits. once or twice a week, parched grain 2 to 4 chits. about noon, and 
salt and massalahs } chit. This is sufficient in variety and quantity for an 
inactive people in an equable climate. They are very weak and ansmic, and 
should live bettor, particularly on animal food, and reside in more healthy 
localitios. The jail dietary is insufficient in quantity, if not in nutriment, and 
loads to bowel-complaints. The allowance for the labouring convicts is, rice 12 
ohits., dal 3 chite., salt 3 chit., oil i chit., massalahs } chit., vegetables 2 chits., 
fish 2 chite. a= 19} chits. (Diet No. 9.) 

* This is the Cuttack erer = 224 chittaks. 
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27. 8. M. Sarrocore, Esq., Rajshahye, states that 2 lbs. of rice, 4 ozs. of 
dal, 4 ozs. to 6 ozs. of vegetables, 10 ozs. of fish, 1} oz. of oil, 1} oz. of mas- 
salahs, 2 ozs. of milk, 8 oss. of dhoi, and 8 ozs. of julpaun constitute the daily 
dietary of the labouring classes. The dal and dhoi are, however, obtained 
only ten or twelve times a month, and the milk only occasionally. Julpaun 
consists of parched rice, peas, and grain, with salt, and is taken as the early 
morning meal. The class are, on the whole, pretty healthy; but they suffer 
from ague, enlarged spleen, dyspepsia, and bowel-diseases. The jail dietary 
now varies with labour and the day of the week, that of Sunday being of 
the non-labouring class. (Diets Nos. 9, 1, and 14.) 

28. Dr. E. J. Rossgrs, Rajmahal, states that rice is the staple food, and 
the leguminous dals next. Vegetables are invariably eaten ; fish is plentiful ; 
and kids and pork are eaten by certain castes. Cakes are made from barley, 
oats, maize, or dals in a powdered state, and, with cold water, salt, and chilli, 
are eaten uncooked. Dry parched grain is eaten without further cooking. 
Daugahs eat flesh, including rats ; and the Sonthals and Pahareas eat almost 
any kind of flesh, as that of buffaloes, bullooks, deer, pigs, rats, snakes, tigers, 
leopards, game, and birds of all kinds. The poorest eat 1} lb. of rice, and 6 
to 8 chits. of vegetables, with salt and condiments, or substitute wild , 
herbe for vegetables. . Few can afford dal orfish. This costs 9 pice to 1 anna ; 
but when 14 to 4 annas cap be spent, dal and fish or flesh are added, and 
then the rice may be reduced to 10 chitsa. Some low-caste Hindoos eat pigs. 
The new jail dietary varies with labour and day of the week, the latter 
substituting 4 ozs. of vegetables for 4 ozs. of fish on certain days. (Diet - 
No. 8, B.) 

29. G. K. Poors, Esq., Rungpore, states the-free daily dietary as follows :— 
coarse rice 20 ozs., dal 2 ozs., vegetables & ozs., mustard-oil, salt, and 
masealahs } oz. each. Old rice is dearer, and is preferred. Rice under six 
months old is unwholesome. The mustard-oil is the only fat used, and when 
used in large quantities causes irritation of the bowels. Fish and meat are 
taken once in ten or fifteen days, and are not cheap or abundant. Milk 

and duhee are used occasionally. Bread or attah is not used. Tobacco is 
smoked. Betel-nuts are chewed, and as an astringent promote digestion. 
The diet, when the food is good, keeps them in health. The former jail dietary 
was insufficient, and the present one varies with labour and day of the week. 
(Diet No. 11.) 

30. Dr. A.V. Best, Raneegunge, states that the people work in the coal-mines 
or on the land. Animal food of all kinds is eaten largely by the mining and 
jungle castes, except by the Brahmins. Fish, especially small shrimps, is a . 
favourite article of food. Ghee and duhee from buffalo-milk are eaten by 
the better classes, and mustard-oil by the poorer ; but some do not obtain any. 
Rice is the staple food, and dals are largely used. Maize is eaten, and attah is 
too expensive. Fruits, roots, leaves, fungi, and a common spirit are used. 
The prisoners are allowed three pice per day, and live as at home. They do 
not suffer in health. | 

31. A. J. Muymn, Chyebarra, states that it is a hilly district, and the coolies, 
being mountaineers, differ in their dietary from the other classes. In their 
jungles they eat rice and vegetables, and the flesh of all animals, birds, and ants, 
even if dead, and drink much strong drink. The latter in certain forms fortifies 
the constitution against disease. One meal a day, with the spirits (hurresh), 
suffices, and keeps them in excellent health. It consists of 1 lb. of rice, with 
dal or vegetables, seasoned with salt and chilli, but without fat, oil, onions, 
or garlic. Meat is rarely eaten. The other races eat two or three meals 
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daily, including 1 Ib. or 1} Ib. of rice, with vegetables, milk, or dal. A list 
of the different vegetables which are used is given. The jail dietary varies 
with labour, duration of sentence, and day of the week. That for short sen- 
tences is abundant; but long-sentenced prisoners lose weight, and nine out of 
twelve (Coolie or Sonthal) fall victims to the diseases of prisons. (Diets 
Nos. 11, 5, 6, and 7.) 

32. Dr. N. Jackson, Sumbulpore, states that twelve chittaks of rice are 
eaten daily. Wheat is eaten occasionally; dal, vegetable, and fish univer- 
sally. Maize, three or four chits., occasionally. Meat, six or eight chits., 
once a week by the well-to-do classes. Milk, 1 lb. daily by the higher, and 
every four or five days by the lower class. Cheese, oil, ghee (4 0z.) by the 
better classes, ‘ til’ oil by the lower. Sugar or molasses 1 to 4 ozs. when 
chapattees are eaten. Massalahs from 4 to 1 oz. daily. Spirits are in gene- 
raluse. The total weight of food daily is 3 lbs. The jail diet is too same 
and uniform, and there is no surer way of extinguishing an unhealthy man 
than by lengthened confinement in jail. 

33. Dr. G. M. Govan, Ranchee, states that tribes and sects differ much in 
dietary, and he describes them. The coolies work hard, and (a man, or a 
man and his wife ?) eat, thirteen out of fourteen days, 8 Ibs. of rice, 8 ozs. of 
vegetable, and 4 oz. of salt daily ; on the remaining day they eat 6 lbs. of rice, 
4 ozs. of dal, 1 oz. of vegetable oil, and 2 lbs. of flesh at two meals (midday 
and 6 p.m.) daily. They drink fermented beer and spirits. They are very 
healthy. The jail dietary is a good one, and consists of coarse rice 24 ozs., 
dal 6 ozs., vegetables 4 ozs., salt and seasoning } oz., and 4 ozs. of flesh once a 
week for such as choose to have it. 

34. Dr. W. W. Henne, Nagpore, shows that the dietary differs with caste, 
and gives the following as the daily food, in ounces, taken at two meals :-— 
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but all these foods are not eaten on the same day. The jail dietary varies with 


. labour; the highest mortality with sentences of under one year. Both jail 


and free populations suffer from fever and bowel-complaints. (Diet No. 15.) 

35. Dr. W. R. Gryxizs, Chindwarrah, states that the Gonds proper and Koor- 
koos eat daily 2 lbs. of coarse wheat-flour, unleavened, 4 or 5 ozs. of dal, one 
or two chillies, salt, vegetables, and condiments. They are fond of any kind 
of flesh, and drink intoxicating fluids. The Goojurs eat only vegetable food, 
and do not drink spirits. The Afegrahs are apathetic, and will eat and drink 
anything. All eat vegetable oil; but ghee is too dear. Rice is almost un- 
known. The jail dietary varies with labour and sex, and rice is substituted 
for wheat-flour twice a week. (Diet No. 16, and in another Report, No. 15.) 
. 36. Dr. 8. J. Wynpowr, Bhundarrah, states that the Mahomedans eat} 6 ozs. 
of rice, 16 ozs. of attah, 4 ozs. of meat, 8 ozs. of vegetables, and 4 oz. of curry- 
stuff daily; the Brahmins the same quantity of rice, attah, vegetables, and 
ourry-stuff, with 6 ozs. of dal, 8 ozs. of milk, and 2 ozs. of ghee; the Hindoos 
8 ozs, of rice, 16 ozs. of attah, 4 ozs. of dal, 4 ozs. of vegetables, 2 ozs. of ghee, 
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and 4 oz. of curry-stuff; whilst the low castes, Dheers, &c. eat 4 ozs. of dal, 
16 ozs. of jowaree, 4 ozs. of vegetables, 4 oz. of curry-stuff, 4 ozs. of fish, 
and 1 oz. of oil. The jail dietary varies with labour and day of the week. 
The food is cooked for the midday meal, and is eaten cold at the five p.m. meal. 
The people are spare and weakly, and stomach and bowel diseases with fever 
are common. (Diet No. 15.) 

37. Dr. C. E. W. Benstzy, Raepore, states that both rice and wheat are 
largely grown there, and the latter sometimes supplements the former. He 
gives two scales of free dietary, one containing rice 24 to 32 ozs., attah 6 to . 
8 ozs., dal or vegetables 6 to 8 ozs.; fish or meat once a fortnight, in lieu 
of dal and vegetable, 8 ozs.; milk, dhye, or buttermilk 12 to 16 ozs., with a 
little ghee or oil and condiments. The other contains the same quantity of. 
rice, dal, and vegetables, with buttermilk every three or four days 16 ozs. 
Fish or meat only once a month, and milk or dhye once in two or three 
weeks. The labouring classes are agriculturists and possess cows. Those 
living on the second scale are not so strong as the others. The whole district 
is miasmatic. Dyspepsia prevails among all classes. The jail dietary varies 
with labour. The improved dietary had been beneficial. (Diet No. 17.) 

38. J. H. Carr, Esq., Belaspore, states the kind of foods used, and the . 
quantity eaten at a time, but does not give a complete daily dietary for any 
class. The jail dietary consists of 18), ozs. of wheat-flour (or 15 ozs. of 
rice), 34 ozs. of dal, or 74 ozs. of green vegetable, with a little salt, oil, and 
condiments. 

39. T. Kuxe, Esq., Kowtah, states that the dietary of the industrial popu- 
lation is as follows :—attah or wheat, with the bran partly removed, 24 to 
32 ozs., rice 16 to 24 ozs., dal 2 to 4 ozs.,' Indian corn, roasted between 
meals, 2 to 4 heads, and gram 2 to 4 ozs. The labouring classes eat 24 to 
40 ozs. of jowaree (a species of imphey-seed), 2 to 4 ozs. of dal (lauk), and 
4 to 6 heads of Indian.corn. The jail dietary varies with labour and day of 
the week. (Diet No. 18.) 


DrvaPore. 


40. Dr. J. B. Auten, Behar, gives a list of the various kinds of foods and 
tobaccos in use, and the following is the quantity of the former which is 
eaten by the free labouring classes at one meal, but he does not state whether 
more than one meal is eaten daily, viz. :—rice 8 chits.* or flour 12 chits., 
dal 2 chits., vegetables 3 chits,, mustard-oil and spices } chit. each, salt 
2 chit., and occasionally 8 chits. of meat. The jail dietary is less than the 
home dietary, and the prisoners are dejected and depressed from confine- 
ment and absence of tobacco, yet they increase in weight. It consists of 
rice 24 ozs., or an equivalent in flour, dal 6 ozs., vegetables 4 ozs,, ghee, salt, 
and massalahs 4 oz. each. (Diet No. 13.) 

41. Dr. T. B. Fagxcomse, Bhangulpore, states that the food, except rice, of 
the agricultural classes varies much with the season and locality. The jail 
dietary varies with labour and length of sentence. (Diets Nos. 11, 5, 6, 
and 7.) 

42. Dr. N. C. Macnamara, Tirhoot, divides the inhabitants into four classes, 
and largely describes them and their dietary. The Brahmins eat 1 to 14 Ib. 
of bread, 1 to 14 lb. of rice, 6 ozs. of dal, with butter, vegetables, and salt, 
and sometimes 1b. of fish or flesh daily. Some take 1 to 1} pint of milk once or 
twice a day. Gwallas and Koormees, who are shepherds, eat 1 to 1} Ib. of 


® The seer here = 2 Ibs. 12 drachme when bought in 1 quantities of 5 seers and upwards, 
but only = 1 lb. 13 ozs. 9 drachms at the bazaar-rate below 5 seers. 
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Indian corn and barley-bread, 14 lb. of rice, 5 ozs. of dal, 1 to 2 ozs. of butter, 
4 lb. of duhee, with vegetable and salt, and 4 lb. of fish or flesh thrice a week. 
The jail dietary now varies with labour, and is also divided into classes. 
(Diet No. 14.) 

43. Dr. J. M. Coates, Chumparum, states that about 2 lbs. of rice, 1 lb. of 
dal or fish, 4 Ib. of vegetables, and } oz. of oil, spices, and ealt each, is the or~ 
dinary free dietary ; and describes the mode of cooking them. Some oils are 
eaten in the cold and others in the hot season, whilst but little dhoe and ghee 

-are obtained. The jail diet varies with labour and day of the week. The 
Sunday’s diet is that of the non-labouring class, and it suits the prisoners. 

AsI think it probable that there is an error in the report, In quoting ounces 
instead of chittaks, I do not transcribe the table. } 

44, Dr. J. Surnzrtanp, Patna, shows that the jail diet varies with labour, 
and describes at length the various kinds of food eaten by the population, 
with the cost, and with remarks added. (Diet No. 19.) 

45. Dr. T. Duka, Monghyr, states that his information has been derived 
at second-hand. The lower classes eat three meals a day. The jail dietary 
variés with labour. The free dietary is not given in daily combination. 
(Diet No. 20.) 

46. Dr. R. F. Hurcnimeon, Shahabad, shows that the total weight of food 
obtained by the free labourers varies from 18 to 24 chits. daily; but he does 
not state of what it is composed, and the weight of each kind. He shows 
the evils of the jail system, and states that scurvy and diarrhoea are the jail 
pests. The jail dietary varies with labour and day of the week, and perhaps 
with race. (Diets Nos. 11 and 2.) 

47. Dr. A. G. Crzwe, Purneah, states that the dietary of the free popula- 
tion consists of rice 20 ozs., dal 4 to 6 ozs., fish 4 to 8 ozs. sometimes, and 
vegetables 4 to 8 ozs.; milk and curd are much used. The new jail dietary 
varies with labour. (Diet No. 14.) 

48. Dr. W. F. Goss, Sonthal Pergunnahs, states that the Hindoos use but 
little animal food, and that is fish, milk, kid, and ghee. Only the lower classes 
eat pigeons, mutton, water-fowl, and pork. The Sonthals eat all kinds of 
flesh. Vegetables, fruits, and various kinds of grain are eaten. The jail 
diet consists of rice 24 ozs., dal 4 ozs., salt, massalahs, and oil } oz. each, daily, 
and sustains the health. 

49. Dr. 8. Dexprarr, Hazareebaugh, states that the daily quantities of 
food obtained by the free labourers consists of 28 ozs. of various kinds of 
grain, dal or vegetables 12 ozs., with salt and condiments, and sometimes 
parched rice, gram, wheat, or Indian corn ir addition. They eat three 
meals daily. The jail diet varies with labour, the non-labouring receiving 
no meat, and 2 ozs. less of rice and vegetables than the labouring. The mor- 
tality was excessive, but the health is now better. (Diet nearly ike No. 11.) 

50. Dr. C. J. Jackson, Sarun, states that the constant food of the free 
labourer is the cerealia and their allies, leguminous seeds, and condiments. 
The oceasional additions are tubers and succulent roots, leaves, fruits, and 
melons. He states the chemical and botanical characters and the price of 
each. The jail dietary varies with labour and day of the week. (Diet No. 14.) 


BENARES. 


_ 61. Dr. A. H. Cuexn, Benares, states that the foods in ordinary use are 
flour, rice, dal, curds and whey, goor or treacle-cakes, with acid mixtures, as 
tamarinds and other spices. The flour is prepared from wheat, barley, Indian 
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corn, &c., and is ground between stones. Dal is used daily, but rice is not 
much appreciated. The weight of food is 2 lbs. at the principal meal, 
but the daily quantity is not given. The jail dietary is composed of barley, 
ground gram, flour, rice, dal, vegetables, oil, and salt; and parched gram is 
given at noon, instead of prepared food. The health of the convicts is better 
than that of free labourers. 

52. Dr. W. R. Hoopgr, Azimghur, states that rice is dear and but little used. 
Wheat is dear, but is eaten more largely than rice; whilst barley is the staple 
food, as rice isin Bengal. Dals, curries, molasses, fish, and fruits are extensively 
and largely eaten. Animal food is not obtained by the poor, but is exten-~ 
sively consumed by the higher classes. Beef is eaten only by Mahomedans ; 
. mutton and goat’s flesh only by the better classes; whilst pigs are kept in 
large numbers, and eaten by the labouring classes. Arrack is consumed in 
very large quantities, except by high-caste Hindoos. The poor, as a rule, 
take only one substantial meal daily, and that in the evening; others take 
two meals. The daily weight of food is 2 lbs. The jail dietary varies with 
labour and day of the week. The prisoners enjoy very good health. (Diet 

No. 21.) 

53. Dr. A. J. Date, Jounpore, informs us that there is much variation in 
the statements of the quantities of food eaten. About 14 Ib. (23 lbs. to 24 lbs.) 
of cereals, dal, and vegetables is eaten daily, and meat, fish, and fowl occasion- 
ally. The jail dietary varies with the day of the week. ‘(Diet No. 21, B.) 

54. Dr. A. Gazpzn, Ghaseepore, describes at great length the various articles 
of food, with their price, in use there. The dietary is chiefly vegetables, from 
want of means, or inclination, and from religious prejudices. Two classes and 
castes only abstain from meat entirely, viz. Brahmins and Bhugguls; but 
they take milk. Mussulmen, Kacths, Chumars, Domes, and all very low-caste 
Hindoos eat meat whenever they can get it, whilst Boonhars, Chuttrees, and 
Aggur-wallahis eat it only occasionally. High- and middle-éaste Hindoos eat 
only mutton and goat’s flesh ; whilst mutton, beef, buffalo-flesh, goat’s flesh, 
and fowls are eaten by the Mahomedans, The quality of meat varies much ; 
and if the animals die naturally, some eat the flesh. Milk of the cow, buffalo, 
and goat is the most important and largely consumed animal food by all 
classes. Ghee and oil are eaten largely by the well-to-do classes, but the 
poor obtain but little. Wheat and barley, with Indian corn, are the 
staple cereals; dals, gram, vegetables, and spices are eaten largely and uni- 
versally ; salt is eaten by all; sugar is largely eaten; pickles are luxuries ; 
spirits are largely consumed by some, and detested by others; tobacco is 
much more used than bhang or opium. There are two meals daily, except 
by the very poor, who have one in the evening, and take sutioo and water 
and parched grain at other parts of the day. The amount is very imperfectly 
stated. Diseases of low type abound among the worst-fed. The jail dietary 
varies with labour and day of the week. (Diet No. 21.) 

55. Dr. J. A. Jackson, Allahabad, gives the jail dietary, which varies with 
labour and day of the week. The prisoners enjoy excellent health. (Diet 
No. 21.) 

56. T. T. Suxezocs, Esq., Futtehpore, states the kinds of food in use, with 
the quantity of meat which is consumed by an adult prisoner, but does not 
give the daily dietary. 

57. Dr. J. Jowgs, Cawnpore, states that the foods in general use are wheat, 
barley, maize, d&c. among the cereals, pulses, dals, and _ Spices. Rice is rarely 
used. Ghee is eaten by the well-to-do classes; fish is eaten by all classes, 
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Mahomedans refuse pork, and think beef indigestible. Hindoos, except those 
who believe in transmigration, eat fish and kid. The daily quantity eaten 
by a labourer is 2 lbs. of attah, 4 ozs. of dal, and 8 ozs. of vegetables. When 
ghee is used, 2 ozs. suffices. The health is sustained on these quantities if 
the foods are properly prepared. Diarrhoea and cholera prevail in the melon- 
season. The jail diet consists of 20 ozs. of wheat attah, 4 ozs. of dal, 4 ozs. 
of parched corn, and 67} grains of salt; 90 grains of oil and 8 ozs. of vege- 
tables are given twice a week. The prisoners enjoy average health, but 
suffer from emaciation, impaired assimilation, and sloughing of the cornea, as 
the result of a deficient supply of oil; also boils and skin-diseases from defi- 
ciency of fresh vegetables. 

58. Dr. G. Grant, Futtehgurh, states that vegetable food is the staple 
dietary, and that animal food is rarely consumed. The dietary contains 
cereals, legumes, fresh vegetables, fruits, milk, with its preparation of ghee, 
dhy, rubree, and sugar; the two latter are not obtained by the very poorest, 
Fish are not eaten, except when they can be readily caught, as during the 
rains. The daily quantity of food for an outdoor labourer is 24 to 32 ozs. 
of attah (flour from the cereals) and legumes, 4 ozs. of pulse, and 8 to 
12 ozs. of vegetables: artisans and indoor labourers eat less. There are two 
meals daily, at about noon and sunset. The flour is made into unleavened 
cakes or into porridge. Parched unground grain is eaten when travelling, or 
when unable to cook. The dals are split, and then boiled, and eaten with 
ghee or garlic, &.; vegetables are stewed with water, ghee, or oil, salt, and 
condiments; meat is boiled with salt and condiments; fish: is fried with oil, 
salt, and condiments; curds are produced by curdling warm milk; ghee is 
obtained by constantly agitating curdled milk; rubree is produced by evapo- 
rating milk. Wheat is regarded as wholesome and nutritious ; dals-as heating ; 
potatoes as hot and very digestible ; onions and garlic as hot and stimulating, 
and purifying thé blood; carrots, turnips, &c. as cold and strengthening, but 
not of easy digestion; melons as hot, and increasing appetite; milk and its 
preparations as heating, nutritious, and constipating ; animal food as heating, 
nutritious, and digestible; and fish as more heating than meat. The jail 
diet resembles the free labourers’ diet, and varies with labour and day of the 
week ; the effect upon health and strength is good. (Diet No. 21.) 

59. Dr. G. Bernarp, Mynpoorie, quotes the kinds of food which are eaten, 
and the average quantity, but does not give a daily dietary. The Mussul- 
man population is in good health. The very poor are liable to scurvy, bowel- 
complaints, and skin~disease. The jail diet varies with labour and day of 
the week, and the prisoners keep in health and strength. (Diet No. 21.) 

60. Dr. J. Saxetz, Etawah, states that about 2 lbs. of wheat-flour is eaten 
daily, except by the very poor, who eat grains inferior to wheat in gluten, as 
jowar and bajra, and then fall into ill-health, as shown by the coarse and 
scaly epidermis, pale conjunctiva, large abdomen, and deficient muscular 
development. The jail dietary varies with sex and labour. (Diet No. 21.) 

61. Dr. H. 8. Sarr, Goruckpore, states that the neighbourhood is very 
fertile, and produces all tropical and European vegetables. The natives eat 
two meals daily, at noon and at eight or nine p.m., the former consisting of 
parched corn or young maize, and the latter of rice, jowar, or chapattees, made 
from wheat- and barley-flour, with dal, mustard-oil, or ourry-powder, fish, 
ghee, and milk. Fish is very abundant, and yet is often eaten when putrid, 
also raw vegetables (Cucurbitacese), causing epidemics. 8 ozs. of Indian corn 
is eaten at the morning meal; and 24 ozs. of rice, wheat, or barley is enough 
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for the day. The jail dietary varies with labour and day of the week; it is 
ample. (Diet No. 21.) 

62. Dr. J. H. Locu, Mirzapore, states that in cities the first and second 
classes eat 12 to 16 ozs. of wheat-flour, 4 ozs. of rice, 4 to 6 ozs. of dals, 4 ta 
8 ozs. of vegetables, and }—1 or. of pickles and ghee. The richer the man, the 
more ghee and rice he consumes. The third class eat bread of barley-flour, 
and not soaked in ghee; some have only one meal daily. The dietary con- 
sists of 24 ozs. of flour and 6 to 8 ozs. of dal ; and when parched grain is eaten, 
the quantity is 8 to 16 ozs.; and when they have rice, they eat about 8 ozs. 
at each meal. The fourth class have still coarser food; and the quantity is, 
flour 2lbs., dal 4ozs., and parched grain 8 to 16 ozs. Nearly all eat meat 
and fish occasionally, when they can afford it; and the Kayasts (Hindoos) eat 
about 1 lb. of goat’s flesh daily. In the country, the first and second classes 
use wheat-flour ; and the daily quantity is, flour 1 lb., dal 4 ozs., rice 8 ozs., 
ghee 4 ozs., milk 1 lb., vegetables 20zs. The third class eat barley-bread, 
and consume, daily, flour 24 ozs., dal 6 ozs., ghee (when used) 2 ozs., rice 
20 oxzs., and vegetables 8 ozs. The fourth class live very poorly, and the food 
consista of flour 24 to 32 om. and dal 4 oz. The jail diet varies with 
ebour and day of the week; and the prisoners gain weight upon it. (Diet 

o. 21.) 

63. BR. Cocxsury, Esq., Allahabad, states that wheat, barley, bajra, jowar, 
&e. are the principal grains; rice is but little eaten; maize is seldom eaten 
as bread, but is roasted whole in the ear before it is quite ripe; dals are 
generally used. The daily dietary is not given. 


Ovunz. 


64. Dr. J. C. Wuisnaw, Oude, deseribes at great length the various foods 
in use. He remarks upon the difficulty of obtaining exact information. 
Poverty is common, but destitution very rare. A very large proportion of the 
poor searcely ever cook, but live for weeks on suttoo, cheap fruits, with such 
seeds as they collect. Some keep pigeons, which, having cullected grain, are 
made to vomit it up for human use. The unchanged grain is washed out of 
the dung of oxen when treading out the corn. This class is very liable to 
disease. Kunjers, living in jungles, will eat jackals, snakes, wild cats, and every 
lind of animal and vegetable food. Mussulmen eat all ordinary food, except 
pork. Buffalo-flesh is cheap, and the animal must be killed with the proper 
ceremonies. The low-caste Hindoos eat the flesh of animals dying naturally, 
and pork largely, Brahmins, &., may eat any game, as deer, porcupines, 
birds, and flesh. Some Chuttrees eat goat’s flesh. The high-caste Hindoos 
do not eat onions, and some refuse garlic or turnips. Among all castes there 
are Bhaghuts, who swear not to eat meat or drink intoxicating liquors. The 
Chuttrees, earning from 5 to 8 rupees a month, eat daily from 1} to 2 lbs. of 
wheat or barley, unleavened bread, with 4 ozs. of boiled dal and some chillies. 
They cook only once a day, and eat only parched grain at other periods; 
very few eat meat daily; fish is a more common diet; milk is not a uni- 
versal food ; ghee is always eaten when it can be obtained. Some of the rich 
drink half a pint to 3 pints of milk a day, and become very fat. Eggs are eaten 
by Mussulmen, and chiefly by the rich; they attach great importance to 
water, and will say that one is light and wanting in strength, whilst another 
is good and full of body. Salt is indispensable; lime is eaten daily, either 
mixed with tobacco or otherwise. There is no well-detailed daily dietary. 
The jail dietary varies with sex and labour, and to some extent with day of 
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the week, and is better than that usually obtained in freedom. The pri- 
soners are liable to diarrhea and dysentery, but it is not due to the dietary. 
Diet No. 22. 

( 65. J. W. H. Corpon, Eaq., Hurdin, describes the various native races and 
castes, under the heads of their religion, manner of living, and food. The 
Hindoos are a much more energetic race than the Mahomedans. The lower 
castes, as Parsees, &c., pursue agriculture, and take but one substantial meal 
daily, and that is after sunset. They may eat perhaps a little cold bread in the 
early morning, and at midday they have a handful of parched gram. The 
lower classes of the Mahomedans are weavers, &c., and eat two meals daily. 
Mahomedans will eat any flesh but pig, on account of its uncleanly habits, 
provided the animal had its throat cut; whilst many castes of Hindoos, as 
Brahmins and Bunneahs, live entirely upon vegetable food. All Hindoos eat 
chapattee, which is a thin flat cake baked from flour of various grains. The 
cultivator of the land eats about 24 ozs. of this bread, with an ounce of ghee, a 
handful of dal, and vegetables ; but when very poor, they have scarcely any food 
but the chapattee. All like sweetmeats, and all eat milk plentifully. There is 
great want of muscular development ; but they are well-formed and have great 
powers of endurance. They are patient in suffering; wounds readily heal, 
and yet the people readily sink under severe disease. The jail diet varies 
with labour, and to some extent with the day of the week. The health of 
the prisoners is good. Ophthalmia prevails; and yet the diet is better than 
the majority obtain when free. (Diet No. 22.) 

66. Dr. E. Srrons, Pertabghur, experienced difficulty in obtaining the 
information. Some castes (rarely the poorest classes), as Aheers and Gurereas, 
occasionally get a little milk, ghee, or buttermilk. Parsees, when rich’ 
enough, keep and eat pigs. The food is chiefly vegetables, and varies with 
the three harvest seasons—September, November, and March. The daily 
quantity of the labourer is 14 Ib. of attah, 4 ozs. of dal, 2 ozs. of ghee, or a 
little oil, with salt and pepper; green vegetables are eaten instead of dal, in 
their season. When meat is regularly eaten, the quantity is about 1 lb. per 
day ; but Hindoos, who eat it only rarely, then take a much larger quantity. 
The labouring classes eat only one meal, and that in the evening; but they 
have 2 to 6 ozs. of chabena, or gram, at other periods. The better classes 
eat two meals daily. The meat is eaten as stew or curry. Various kinds of 
corn and legumens are ground into flour and made into chapattees; they are 
smeared with oil or ghee, and eaten with dal or green vegetables, which are 
boiled with oil or ghee. The diet is deficient in fat and flesh; the legu- 
minous seeds are very important. The large quantity of food eaten at one 
meal is injurious, leads to chronic dyspepsia, and retards convalescence 
from disease. The jail diet is varied with labour and somewhat with the 
day of the week. (Diet No. 22.) 

67. Dr. G. W. Bowavia, Durriabad, states that a labourer, working in the 
fields from eight to ten hours daily, eats of wheat or other flour 4 to 14 seer®, 
rice 4 to # seer, dal 2 to 4 chits., ghee } to 4 chit., salt 4 chit., condiments +), 
chit. Wheat is preferred, and the coarse bran only is taken out ; the flour is 
made into chapattees. Some grains are used both as flour and as dal, and are 
eaten as the latter, with 1 or 2 ozs. of ghee, by all but the poorest. Goat’s 
flesh or fish is eaten from three to twelve times a year in quantities from } 
to #seer. Most villagers keep cows or buffaloes, and take the milk, ghee, or 
butter for their own use, the latter in quantity of 4 to 1 seer daily, or two 
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er three times a week. They use about } of a seer of vegetables three or four 
times a month, and parched corn, to the extent of } seer, is eaten every third 
or fourth day. The above are the standard quantities; but less is taken by 
the ocoolies, who are very poor and seldom able-bodied. 

68. Dr. 0. Lowpz1z, Gorda, states that the customary food is fish (abun- 
dant all the year), goat’s flesh, mutton, and other meats, with vegetables, 
Dal and rice are the staple food; fish and flesh are cooked in one mess with 
the vegetables, dal, condiments, and ghee or oil. The cost of foods is given. 
The jail dietary varies with labour, and eomewhat with the day. The attah 
is composed of half wheat and half barley. The prisoners have been healthy. 
(Diet No. 21, nearly.) 

69. E. C. BEnszr, Esq., Baraitch, experienced difficulty in obtaining the 
information. He does not give a daily dietary. The jail dietary varies 
with sex and labour, and somewhat with the day. (Diet No. 22. ) 

70. Dr. J. Ex, ‘Oonao, states that the food is almost entirely vegetable, 
and is derived from the Graminee: and Leguminose. Wheat, barley, rice, 
maize, peas, and vetches enter into it. About 1} to 1}]b. of wheaten bread 
is used, and this is the staple food. The jail diet varies with sex and labour, 
and somewhat with the day. (Diet No. 22.) 

71. Dr. F. Canrer, Lukhimpore, gives a list of the various grains, vegetables, 
and fraits in use. Wheat is most used by the better, and barley and Indian 
eorn by the poorer classes. Of fresh vegetables, potatoes and yams are most 
abundant. Diarrhmwa, dysentery, goitre, enlarged spleen, dropsy, and fever 

il, The diet varies with sex, labour, and day of the week, and is well 
guited to the prisoners. (Diet No. 22.) 

72. A. W. Baris, Esq., Seetapore, states that the agricultural labourers 
constitute the mass of the ‘people, who are Hindoos, and receive their pay 
ehiefiy in kind. Grain is almost the whole food of the lower classes; green 
vegetables are little used by the lower classes, though they grow freely, and 
meat is not eaten. They are tall, vigorous, and frequently powerful men, 
Their diseases are not those of nutrition. The jail dietary varies with age, 
labour, and day of the week, and maintains health. (Diet No. 22.) 

73. Dr. H. M. Canon, Inspector of Prisons, Oude, offers obeervations upon 
the diet and diseases of prisoners, and considers that the Punjab prison dietary 
is as complete and wholesome a scale as can well be followed. It contains 
3-7 of carboniferous to 1 of nitrogenous food. (Diet No. 22.) 

74. Dr. W. Comerant, Sultanpore, gives a short description of the district, 
and then states that the diet is essentially a vegetableone. Wheat is abundant 
and fine, and is the staple food ; rice is very little eaten ; various other grains 
are made into bread. All dals, if eaten in excess and with their skins, cause 
diarrhea, &e. Vegetables and fruit abound. All Mussulmen eat the meat 
of the cow, buffalo, camel, goat, sheep, hare, wild-fowl, game, and fish. All 
Hindoos, except Brahmins and Bhagats, eat the flesh of sheep and goats when 
they can get it, and are fond of fish and fowl. Sugar-cane is chewed, and 
fattens; spirits are drunk largely, and intoxicating drugs are eaten by low- 
caste Hindoos, The Talookdars usually eat meat, thin chapattee, and the 
finest dal, and take two meals daily. The landholders and tradespeople 
live chiefly on vegetable food, and eat at two meals much more than that 
eaten by a European; but they do not drink generally, and their health is 

The agricultural labourers and the very poor live on inferior grains, 
pulse, and vegetables, and eat flesh when they can get it; they are very 
insufficiently fed and sheltered. Such eat but once a day, and. that at noon ¢ 
and their health is not good. He cannot give a daily dietary. The jail diet 
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varies with sex, labour, and somewhat with the day of the week, and main- 
tains health. (Diet No. 22.) 


Srapunpd any Mrenrvr. 


- 75. @. Harper, Esq., Umballa, states shortly the foods in use. The quan- 

tity of flour or rice consumed daily varies from 1 to 2 Ibs.; and the health is 

. He does not give a daily dietary. The jail diet consists of 48 ozs. of 
attah daily, 4 ozs. of dal weekly, and 1 oz. of ghee thrice a week. 

76. Dr. W. P. Hagrrs, Budaon, gives a statement of the kind of food, with 
the quantity of each, and the effect upon the body; but it is not stated 
whether the quantity is per day or per meal, and no daily dietary is given. 
The jail dietary varies with labour. (Diet No. 21.) 

77. Dr. CO. T, Pasxs, Saharumpore, enters largely into the consideration of 

the various animal and vegetable foods in use, with their modes of prepara- 
tion and effects upon the body. Chapattee is the staple food, as bread is in 
England, and is eaten with ghee by the wealthier classes. The poor cannot 
obtain ghee. The quantity of this “ attah ” which is eaten daily is from 1 to 
14 lb.; barley is less eaten than wheat; oats are not used by men; maize 
is largely grown and used ; rice is largely eaten; the refuse of sugar, “ gour,’” 
is much eaten, as is also the sugar-cane itself; potatoes are cheap, and uni- 
versally used; onions and garlic are used in making curry; spices are used 
extensively, and are a remedy for their weak digestive powers, duced by 
long fasts and badly cooked food; animal foad is occasionally eaten, but not 
nearly so much as in cold climates ; the flesh eaten is that of the cow, pig, goat, 
sheep, and some kinds of game; ghee is eaten with every food, and even 
alone, and the more rancid the better. Asa man can afford it, he becomes fat. 
Salt, milk, and eggs are also largely used. The water used is usually from 
wells; spirits and intoxicating drugs are largely used. The jail dietary 
varies with labour and the day of the week, and agrees with the prisoners. 
(Diet No. 21 very nearly.) 
- 78. Dr. Isaac Newron, Kurnaul, shortly describes the various grains in 
use, and states that wheat, barley, and rice are the most valued. He does 
not give a daily dietary, but states that 2 Ibs. of all the foods together is the 
daily quantity, eaten at two meals. The jail dietary varies with labour, and 
consists of 16 to 20 ozs. of attah and 4 ozs. of dal; vegetables twice a week, 
instead of dal; oil 45 grains, salt 67 grains, and chillies 37 grains. The 
imprisonment does not exceed one month, and the health is not injured. 

79. J.M. Cunninenam, Esq., Bareilly, refers only to jail dietary, and shows 
that it varies with sex, labour, and day of the week. Attah is made with 
three-fourths wheat (of second quality) and one-fifth barley, and the husks of 
both remain in the flour. He says, ‘It is one of the great sources of com- 
plaint among prisoners that the unsifted flour disagrees with them ; but the 
complaint is unjust, as it is very unusual for any free man, unless in easy cir- 
cumstances, to have his flour sifted before using it.” 20 ozs. of attah should 
make 28 ozs. when cooked into chapattees. In addition to the regular diet, 
which is prepared at 34 P.u., when work is over, he has 4ozs. of parched 
grain, which he eats in the morning. Women and boys under at. 15 
have the diet of the non-labouring class. The jail dietary is sufficient. 
(Diet No. 21. ) 

80. Dr. J. Hurcutnson, Dehra Doon, states that 28 ozs. of attah is consumed 
daily (16 ozs. in the morning and 12 ozs. in the evening). Some prefer 14 ozs, 
of rice for the morning meal; also 6 ozs. of dals (when not supplanted by 
vegetables); 4 to 4 lb. of meat is eaten occasionally by Mahomedans and low- 
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caste Hindoos, and fish when procurable. Milk and curdled milk (“ dahee ”’) 
are largely consumed, and chiefly by the Hindoos ; vegetables are freely eaten ; 
parched grain and oil are much desired, and this food maintains health. The 
diet of the poorer classes varies much, as their income and the prices of food 
vary. The jail dietary varies with labour and.day of the week, and main- 
tains health and strength. (Diet No. 21.) 

81. Anam Tarzor, Esq., Rohtuck, quotes the different kinds of food in use, 
but does not give the daily quantities. The jail dietary varies with sex and 
labour, and somewhat with the week. Barley may be mixed with the wheat 
in the proportion of 4 to 35 parts. 1 part of bran out of every 40 parts of 
attah is taken out. Labouring prisoners have 4 ozs. of parched gram daily, 
except on Sundays. (Diet No. 22.) 

82. Dr. F. Parsons, Hissar, states that wheat is given most aburdantly, 
and is preferred to many other grains; barley stands next in order. Rice 1s 
eaten by all classes; curdled milk, ghee, and buttermilk are also eaten. © 

83. W. B. Burr, Esq., Loodiana, gives four valuable tables of the daily 
quantities of food. The field-labourers eat daily, in the hot weather, flour, 
made into unleavened chapattees, about 2 lbs., gram dal 10 ozs., parched gram 
4 ozs., melons, sugar-cane, and buttermilk in large quantities, and ghee 4 oz. 
In the cold weather, about 3 lbs. of flour from inferior grains, 8 ozs. of moth 
dal, 4 oza. of parched grain or Indian corn, 8 ozs. of fresh vegetables, 4 oz. of 
ghee, and much buttermilk. The ordinary diet of caste-men, Chumars and 
Sweepers, &c., consists of flesh, including pork, largely stewed with vegetables 
and condiments, } oz. of ghee, 2 lbs. of flour of wheat and other grain, 407s, 
of parched grain, and large quantities of raw vegetables and of buttermilk. 
That of the Cashmeeres is flesh, except pork, about 8 ozs., milk half-pint, 
cream 1oz., rice 11b., green tea 1dr., large quantities of fresh vegetables, 
1 Ib. of wheaten bread, and 1 oz. of mustard-oil. The Jat Siekhs are strong, 
hardy, and industrious, and live chiefly on vegetables, eating flesh only a few 
times yearly; they do not usually drink spirits. The Punjabee Mussulmen 
are similar, but eat flesh two or three times a month. The Chumars are 
inferior; they eat less bread and dal, but more meat, and often that of dying 
animals; they eat opium and drink spirits. The ‘Sweepers are rough and 
strong, and eat flesh, particularly that of a lizard, “Sanda.” The Cashmeeres 

are of good height, well made, and muscular ; when they work out of doors 
they are healthy, but they generally are shawl-makers and of dirty habits ; 
they live well, and do not take opium or spirits. They are liable to ophthal- 
mia, scrofula, and diseases of the lungs. The jail diet varies with labour 
and day of the week, and the prisoners are healthy. (Diet No. 22.) 

84. J. Braxez, Esq., Simla, states that the daily dietary of a strong 
man is wheat or Indian flour 2 Ibs. and dal 4 ozs., or rice 24 ozs. and dal 4 ozs., 
with a variable quantity of vegetables. An old man eats 16 ozs. of the cereals 
and 4 ozs. of dal; milk and ghee are eaten sparingly on account of the cost; 
wild birds, wild pigs, and goats are eaten freely when obtainable. The jail 
diet is attah 16 ozs., dal 4 ozs., salt 4} murhas; but the prisoners are detained 
only a few days. 

85. Dr. R. A. Mrxas, Bhutty Territory, states that the district is arid, and 
the crops small and uncertain; hence the poor often subsist on wild fruits, 
bark, and seeds, and seek for quantity rather than quality. Wheat is the 
staple food, and about 20o0z. of it is eaten. When rice is preferred, the 
quantity consumed is 1lb. He describes numerous articles of food, but does 
~ not give a daily dietary. The jail dietary varies with sex and labour. The 
bran is carefully taken from the wheat to the extent of 1 to 14 seer ina 
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mand, to prevent the occurrence of diarrhma. The ¢hapattees are ecoked 
im ovens sunk in the ground; 5 parts of barley may be added to 35 of 
wheat. Ghee is grven, mstead of oil, to prisoners sentenced to more than six 
months’ imprisonment; and vegetables are given twice a week. The pri- 
soners are better fed than free labourers. The jail manual contams some 
valuable directions. (Diet No. 22.) 

86. Dr. J. L. Brewarr, Bijnour, gives a lengthened and interesting account 
of the locality, and of the various foods in use. The consumption of wheat, 
pulse, &c. is much greater m spring and summer, when they are abundant 
and cheap. Of all cereals, wheat and rice are in the highest repute, and are 
the staple food. It is to be regretted that, with so much information, the 
daily dietary and quantity of food is not given. It is only stated that with 
20 or 24 oma. of bread or rice, with pulse, the Hindoo will eat 3 to 4 ozs. of 
flesh ; also, that the average daily food is 20 to 24 ozs. of the cereals and 
40728. of pulse. The average weight of prisoners is, Hindoos 100 Ibe., Afus- 
sulmen 96 Ibs. 

87. Dr. C. O. Dayrert, Howhyarpore, gives a list of numerous foods in 
use; their local, English, and scientific names; the extent of their cultivation 
and mode of preparation, and, in some instances, the amount of them which 
is eaten daily. There is not, however, a daily dietary given. 

88. Dr. C. N. Bosz, Thung, states that wheat and other grains are made 
into thick cakes. The bread is eaten with dal and sag, with vegetables and 
condiments. Meat is eaten only very ocecasionally, or when a diseased 
animal is killed. They drink water or buttermilk. There are two meals 
daily, viz. at 7 a.m. and 7 P.m. in the hot, and 9 a.w. and 8 p.x. in the cold 
season, and they consist of about 40 ozs. of food. The people are generally 
healthy, but lable to diarrhea from the use of fraits and coarsely 

ins. The industrial elasses obtain more animal food, and take from 24 te 
32 ons. of food daily. The jail dietary varies with sex, labour, and day of 
the week, and consists of attah 20 ozs., dal 2 oms., salt 674 grains, and chillies 
87 grains, daily, with 8 ozs. of vegetables and } tollah of oil weekly, besides 
2 oz. of parched grain given to the labouring prisoners. Women have the 
diet of the non-labouring class. The food is not prejadicial to health. 
(Diet No. 22 nearly.) 

89. Dr. ©. F. OrpHam, Googaira, states that the inhabitants are Mussul~ 
men, and consist of the pastoral tribes, who wander about and live im reed huts 
in the jungle, and aleo of the agricultural and trading classes. Milk, fresh or 
eurdled or as buttermilk, is the most important food of the pastoral tribes ; 
and when they can, they obtain attah, with ghee. They say, “ A man may 
Hive without bread; but without buttermilk he dies.” They do not cultivate 
vegetables, but eat them when they get them. Curries are not common, and 
chillies are not much used. The daily quantity of food is, milk or butter- 
milk 4 to 6 lbs., attah 12 fo 16 om., and ghee 2 to 4 ozs.; dal is seldom used, 
and beef and mutton only occasionally; sugar or molasses is mixed with 
milk; alcehol is seldom, and opium never, used. Among the mdustrial tribes 
milk is still used to the extent of 2 lbs., attah from 16 to 22 oza., and 2 to 4 
ozs. of ghee. Vegetables are eaten in large quantities, and chillies daily ; dal is 
seldom used ; spirits and tobacco are largely consumed, and opium ie taken 
ehiefly in towns. Another class, Chhura, do the dirty work of the commu- 
nity; they eat much milk and attah, besides the flesh of snakes, lizards, and 
reptiles, wolves, jackals, horses, and cattle, which have died naturally. They 
eat the flesh into strips, and dry it m the sun when not required for use. 
The pastoral tribes are one of the finest races in India, tall, straight, muscular, 
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handsome, active, enduring, aud brave; they regard the agricultural class 
with contempt. The agricultural class are also a fine race and healthy. The 
Chhura or Sweeper class are very healthy and robust. The jail dietary varies 
with sex, labour, and day of the week; it is sufficient, although less than 
that to which they are accustomed. The chief diseases are those of the 
bowels and lungs. (Diet No. 23.) 

90. Dr. W. A. Guus, Leia, states that the food of the labouring and in- 
dustrial classes is chiefly farimaceous, and a never-changing sort of meal. 
Animal food is a dainty luxury, eaten only on special days. Wheat, maize, 
barley, jowar, and sarwar are usually made into cakes. The quantity of 
grains or pulses eaten is 2 lbs. to3 Ibs. daily. Dals are seldom or never used 
by these classes. Turnip is the favourite vegetable, and vegetables and fruits 
are largely eaten. Milk, butter, and buttermilk are very extensively used ; 
the latter is regarded as indispensable, and they prefer it to a meal. Those 
living on the Thull (the sandy and unproductive districts) live solely upon 
milk, especially camel’s milk, which is brackish, has but little fat, and is drunk 
diluted with water. It is laxative to those unaccustomed to its use. The 
people are hearty and vigorous, sturdy and robust. The sameness of food has 
no bad effect. In jails the diet is too little and too limited, leaving out the 
indispensable buttermilk (which is antiscorbutic) and fruits, and forcing upon 
the prisoner the dals to which he is not accustomed. Want of free exercise 
is alao another eause of evil. It is a great misfortune that the daily quan- 
tity of food is not given, seeing that the dietary is peculiar. 

91. Dr. T. McSsany, Dera Ismail Khan, gives a table showing the kinds 
of food in use, and the daily quantity of each which is eaten; but as all are 
not eaten on the same day, the daily dietary cannot be inferred from it. The 
daily ration of rice is 2 lbs., but itis seldom eaten; of the usual grains 24 lbs.; 
of meat 1 to 2 lbs., but only eaten very occasionally ; of buttermilk 10 lbs., 
used as drink; of milk 2 lbs.; of ghee 4 ozs. ; and of various vegetables from 
2 to 4 lbs. Onions are seldom eaten. The jail dietary varies with sex, 
labour, and day of the week. (Diet No. 23.) 

92. Dr. 8. A. Homan, Tallunder, states the nature of the diet of the dif- 
ferent classes in hot and cold weather, with the quantity of each eaten daily, 
the mode of preparation, and the frequency of their use; and supplies the daily 
dietary of the different classes. The higher-class Hindoos at all seasons take 
16 oza. of attah of wheat, or 12 ozs. of khichree, with 4 ozs. of dal and 2 ozs. 
of ghee, daily; also 12 ozs. of rice and 8 ozs. of vegetables now and then; 
and a few eat occasionally 8 ozs. of meat. The lower-class Hindoos take in 
eold weather 2 Ibe. of Indian corn or other grain for making rotee, 4 ozs. of 
dal (or 8 ozs. of vegetables now and then), 1 oz. of ghee, and some of them 
24 oza. of attah of wheat, if procurable. In hot weather, 2 lbs. of attah of bar- 
ley, &c. is substituted for Indian corn, &c. The higher-class Mussulmen eat, 
in both hot and cold weather, 16 ozs. of attah of wheat in chapattees, 8 ozs. of 
Fice, 8 ozs. of meat (for boiling), 8 ozs. of vegetables, 4 ozs. of various dals, 
and the ghee used in frying the food. The lower class in cold weather eat 
2 lbs. of Indian-corn attah or other grain, or 24 ozs. of attah of wheat, with 
4 ozs. of various dals, 8 ozs. of vegetables and some ghee, with 8 ozs. of meat 
now and then. In hot weather 2 lbs. of attah of barley, or Baisnee rotee, is 
substituted for other grain. The jail dietary varies with labour and day of 
the week ; it consists of 20 ozs. of attah of wheat for making chapattees, or 
12 ozs. of rice, 4 ozs. of dal, or 8 ozs. of vegetables twice a week, 1 oz. of 
ghee, 80 grains of salt, and 2 massalahs of chillies. This is a very valuable 
report. (Diet No. 23 nearly.) 
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93. Dr. J. C. Pexny, Madhapore, gives a list of the articles of food in use, 
with the daily average quantity of each which is eaten (when they are eaten), 
the mode of preparation, and other remarks upon them, but does not give a 
daily dietary. Barley is used chiefly by the poor, and is surreptitiously mixed 
with the attah of wheat; but there is much prejudice against its use. Rice 
is not a common food. Dal is used universally. The cow yields but little 
milk ; so that the supply of milk is chiefly from buffaloes and goats, and it is 
eaten by the prosperous classes only. Ghee is sometimes used externally as 
an inunction. Beef is confined to Mahomedans, and pork to the Seikhs. 
Mutton is plentiful, and generally enjoyed. The jail dietary varies with 
sex, labour, and day of the week. (Diet No. 23.) 

94. Dr. G. A. Wartsor, Shahpore, gives in detail the articles of diet used 
in the jail. The dietary varies with duration of imprisonment. Oil is given 
only to those sentenced to less than six months’, and ghee to those sentenced 
to more than six months’ imprisonment. He also supplies a long list of the 
articles of food, and of the nitrogenous substances eaten by the free inhabit- 
ants, with a statement of the cultivation, consumption, and mode of prepa- 
ration ; but he does not give a daily dietary. 

95. Dr. H. N. Exron, Sealkote, gives a similar list of foods, with a state- 
ment of the daily quantity of each when eaten, the mode of preparation, and 
the effect upon the health, &c., but does not quote a daily dietary. Attah of 
wheat is eaten by all classes, at 10 a.m. and 8 P.x., in a quantity of 2 lbs. daily. 
It is made into cakes, baked in an oven or pan, and smeared with ghee. 
Gram, barley, &c. are generally eaten by the working zemindars. Dal and 
certain vegetables are eaten by all classes. Rice is not a daily food, but is 
used at entertainments. Goats, sheep, fowls, and fish, in quantity of 1 lb., 
are eaten by all classes, but not daily by the poor. Milk and buttermilk are 
used in quantities of 24 ozs. daily. The jail dietary varies with sex, labour, 
and day of the week. (Diet No. 23.) 

96. Dr. G. Henverson, Thelum, gives a list of foods eaten by the inhabit- 
ants, both free and in jail, with a short statement of the mode of prepara- 
tion, but does not quote the daily dietary. 

97. Dr. R. Panxer, Kangra, states at length the various foods eaten in his 
district, with the daily consumption, mode of preparation, influence upon 
health, &., but does not give a daily dietary. Rice is eaten by all classes at 
midday ; wheat-flour by the higher class, and by Cashmeeres and Mussul- 
men all the year, and by Hindoos in the hot and rainy seasons. Maize is 
principally eaten by the zemindars, except in the hottest season; millet only 
by the poorer classes; barley-flour chiefly by the zemindars; dal and condi- 
ments by all classes, and vegetables by all classes at times. Meat is eaten in 
all seasons; carrion in quantities of 1 lb. at a time ; and all flesh, except that 
of jackals and dogs, agrees with them. ‘Tea is sometimes used, morning and 
evening. The jail diet varies with sex, labour, and day of the week, and is 
ample in quantity and excellent in quality. Weevil and bran should be, and 
are, excluded from the wheat-flour. 

98. Dr. T. 8. Nzarz, Goojranwallah, gives a very similar report, and does 
not cite a daily dietary. Wheat-flour and the best kinds of rice are eaten by 
the opulent classes ; this, with barley-meal, maize, and inferior rice, by the 
inferior classes. Milk is drunk in enormous quantities by the Sheikhs, and 
these, with the Mahomedans, are the chief consumers; it is scarcely attain- 
able by the poor. Ghee is not obtained by the poor except in very small 
quantities—once in ten or fourteen days, and often not for a year. The poor 
obtained damaged, but not sound, meat, The quantity of each, when eaten, 
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is 2 Ibs. of the cereals, 6 to 8 ozs. of dals, 2 to 4 ozs. of milk, 2 to 4 ozs. of 
ghee, 8 ozs. of butter, 16 ozs. of meat. 

99. M. L. Hue, Pindadun Khan, supplies a list of the articles of food, 
with their cultivation, consumption, and mode of preparation, but does not 
give a daily dietary. Wheat is the principal food of all classes; rice is eaten 
by the rich, and barley by the poor. Indian corn is not usually eaten by 
the poor, but is given to horses. The sugar-cané is used by all classes for 
its juice, and vinegar is made from it. Cauliflowers, cabbage, and potatoes 
are neither cultivated nor eaten; turnips, radishes, mustard, onions, garlic, 
carrots, &c., are used by all. Mutton is only of middling, whilst beef is of 
bed quality: both are eaten by Mahomedans, and the former by some Hindoos 
(not Hindoo women), and much is consumed. Fowls and eggs are scarcely 
used. Ghee and milk are plentifully consumed by all. Fish is very scarce. 
The higher-caste Hindoos live totally on vegetable food, excepting milk and 
ghee, and are healthier than others. The agriculturists live on chapattees 
(from grain-flours), raw onions, and fussee. The middle classes take all kinds 
of food. 


Burmag. 


100. B. Hooxsr, Esq., Tavoy, Burmah, states that rice is the most important 
and the principal aliment, and is not of the best quality, and induces obsti- 
nate constipation, with its consequences. Masticated rice is given to infants, 
and destroys nearly all which are not strong and healthy born. The ordinary 
flesh in use is from the elk, and is fresh or dried; but the Burmese will eat 
the flesh of elephant, tapir, and rhinoceros, and the Karens that of monkeys 
and some kinds of snakes. Fish is very plentiful, and is kept closely packed 
in vessels until it decomposes, causing choleraic symptoms. There is no en- 
demic disease. Tea is used at every meal when it can be afforded. The 
Chinese eat more meat than the Burmese, and take a glass of spirits before 
meals. The daily dietary of a Chinese consists of rice 24 ozs., pork 8 oxs., 
fish or flesh 4 ozs., vegetables 8 ozs., condiments 14 oz., ghee or oil } oz., 
pickles 4 0z., salt 1 oz., tea 1 oz., and arrack 8 ozs.: that of a Burmese con- 
tains rice 2 lbs., fish or flesh 8 ozs., vegetables 6 0zs., condiments 1 oz., ghee 
or oil 14 oz., salt 1} oz., tea 4 oz., and gnapé 3 ozs. The jail dietary varies 
with labour and day of the week. (Diet No. 24.) 

101. BR. T. Surrrem, Esq., Tounghoo, states that the natives there consist 
of Burmese, Shans, and Karens, the dietary of the latter differing from that 
of the two former. The Burmese live on rice and vegetables seasoned with 
curry-stuffs, with considerable quantities of fish, and the flesh of animals 
dying naturally, except that of the dog and cat. Their religion prohibits 
them from taking away life. Fish is dried, salted, or smoked. Prawns and 
small fish are beaten to a paste, and are an important article of diet. Fruits, 
both ripe and unripe, are eaten largely. The Burmese are muscular and en- 
during, and are very temperate. The Karens eat chiefly rice and vegetables, 
besides large quantities of beef, pork, poultry, and game, with a little fish. 
They are intemperate, and a less robust race than the Burmese, although eat- 
ing more nutritious food. The jail dietary is similar to that in freedom, and 
causes increase of weight. The daily diet in freedom consists of rice 29 ozs., 
fish, flesh, or gnapé 11 ozs., vegetables 14 ozs., ghee 1 oz., oil 1 oz., salt 1 oz., 
curry-stuff 1 oz.: that in jail contains rice 26 ozs., fish, flesh, or gnapé 3 ozs., 
vegetables 14 ozs., oil 1 oz., salt 1 oz., and curry-stuff 1 oz., and does not vary 
with labour. 
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102, A. Taomas, Esq., Kyouk Phyoo, states that the dictary ie si 
in Lower Bengal, but is prepared differently. Rice is the chief 
eaten in quantities of 14 to 2 lbs. daily; their gnapé having an 
smell, and made by pounding shrimps, prawns, crabs, or fish. 
vegetables are eaten generally. The curries will weigh 14 lb. to 2 
and besides these, they eat sweets and fruits at all hours. The 
muscular, robust, and enduring. The jail dietary varies with 
day of the week. (Diet No. 11.) 

103. C. E. Pysrzr, Esq., Sandoway, states that the daly d 
labouring man consists of rice 2 lhs., fish or flesh 3 ozs., gnapé kj 
tables 10 ozs., salt 4 oz., chillies &c. 4 oz.: that of the Bengaleg 
rice 24 ozs., dal 4 ozs., or fish 4 ozs., vegetables 2 ozs., muste 
spices 1 oz., and salt 1 oz. The jail dietary varies with labour, @iisix; 
with day of the week. Very little, if any, ill-effects can be attrilgyt 
(Diet No. 11.) 

104. Dr. G. Mann, Moulmein, in reference to the daily dietary: 
population, has evidently made an error in reducing the native 
ounces, and instead of dividing by 2 should have multiplied by 2, 
inferred from the jail dietary. With this correction, the daily 
natives of India contains rice 28 ozs., dal 4 ozs., fish or flesh 4 ozs., 
5 ozs., ghee 2 078., oil 2 ozs., salt 1 oz., condiments 14 0z.; whilst 
Burmans contains rice 40 ozs., fish or flesh 24 ozs., vegetables 
4 ozs., with salt and condiments. Rice is the staple food. Dal i 
there. Fish is abundant, and is eaten alternately with flesh of 
Vegetables and oil gengelli are in daily use. The Burmese are sho 
cular, and inclined to obesity. They are well fed and contents 
living in jungles and forests are not so well fed. A Burman will 
animal for food, but will eat any dead one. The jail dietary 
labour, and to some extent with the day of the week. (Diet No. 

105. A. J. Cowrn, Esq., Akyab, states that two meals daily 
The well-to-do classes eat daily as follows :—best rice 20 ozs., 
vegetables 4 ozs., oil or ghee 2 ozs., fish 3 02s., sweetmeats and sug 
salt and spices 4 oz. each. Wheat-flour 16 ozs., cow’s or goat’s mill 
A labourer eats daily, rice 24 ozs., dal 4 ozs., fish 4 ozs., vegetablea 
and spices } oz. of each, and meat occasionally 8 ozs., and milk 1 
Wheat-flour is used sometimes, mstead of rice, to the extent of 10 
latter class; and I am doubtful whether in the first class both rice 
are eaten on the same day, although it so stands m the table. 
eat meat instead of fish; those of the first class on alternate days 
washed and boiled, and the water thrown away. Dal is boiled 
ghee or oil, and salt; fish is generally fried first, and then boiled wig [}—! "v 
ghee or oil, and salt. Vegetables are first fried in oil or ghee, 4 
boiled; they are sometimes made into curry with meat. Flour is 
chapattees. Meat is fried in ghee or oil, and then boiled with 
salt. The Arracanees eat daily, rice 28 ozs., fish or flesh 4 ogs., a 
gnapé + oz. each, spices } oz., vegetables 4 ozs. They eat much fra 
cooked vegetables ; and more than the above, with any other diges 
stance which they can obtain. He states that 167 varieties ¢ 
cultivated. The jail dietary varies with labour and day of the ¥ 
Sunday’s diet is that of the non-labouring class. There are also 
scales of hospital-jail dietary. The jail diet is sufficient and 
Fever, intestinal worms, and dyspepsy prevail. Dr. Snow’s views 
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spread of cholera are supported by facts here: all the outbreaks of cholera 
have been preceded by a murrain in cattle. (Diet No. 11.) 

106. J. J. Hnrvzenan, Thyet-Myo, states that the daily dietary of the free 
population contains rice 1 to 14 Ib., dal 2 to 3 ozs., fish or flesh 2 to 4 ozs., 
vegetables 4 to 5 oss.. oil 1 oz. (seldom used), gnapé (nearly always used in- 
stead of salt), and condiments. The Burmese, except those addicted to the 
use of intoxicating liquors and drugs, enjoy average health. 


Synthetical Researches on the Formation of Minerals, &c. 
By M. Aupnuonst Gaces. 

Smck my last Report my experiments have been chiefly directed to the 
synthesis of serpentine and some other magnesian minerals,—to the action of 
animal organic matter in the production of minerals (a subject which has 
been often discussed, but is always worth being more fully studied from an 
experimental point of view),—and lastly, to the action which solutions con- 
taining the materials of felspar may have had in altering the composition 
and structure of Cambrian and other ancient rocks. The results which I 
propose to give here must necessarily be fragmentary, both from the nature 
of the investigation itself, and the fact of its being still in progress. 


My first object has been to ascertain the kind of action which alkaline solu- 
tions exert on the hydrated silicates, of magnesia, iron, and lime, and to 
endeavour fo determine synthetically the formation of serpentine and some 
other rocks allied to it. 

The composition of the mineral known as serpentine is almost constant, 
while the roek known by that name, though essentially agreeing in composi- 
tion with the mineral, contains nevertheless various foreign matters. The 
circumstances under which serpentine-rocks are found and their general 
character indieate that they are not generally derived from the gradual alter- 
ation of a preexisting rock, but have been produced by the direct deposition 
of silicates which accidentally encloeed foreign substances, and which by 
dialysis lost alkalies, and by subsequent infiltration may have gained some 
other constituents and led to the formation of other minerals in the mass. 

The process I have employed to arrive at the synthesis of serpentine is 
based on the solubility of the hydrated silicate of magnesia (2Mg0,38i0, + 4HO) 
in alkalies, and on precipitation which results when a diluted solution of 
bicarbonate of magnesia is added. 

lst Experiment.—A given quantity of silicate of magnesia in the gelati- 
nous state was introduced into a muslin bag and held in suspension in a 
diluted solution of caustic potash. After some days the silicate enclosed in 
the bag was found entirely dissolved. This solution, left in repose in a glass 
cylinder for some months, deposited a transparent colloid, which, after being 
washed and dried, presented the following eomposition :-— 


Biliea ............ 50:036 
Magnesia ........ 19-419 
Potash .......... 17°642 
Water... ........ 12-980 

100°077 
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This substance, when dried, had a semivitreous transparent aspect. Heated 
to a dull red, it becomes insoluble in acids. 

2nd Expervment.—A saturated solution of the hydrated silicate of mag- 
nesia (2Mg0, 3 8i0, + 4HO) in caustic potash, treated by a dilute solution of 
bicarbonate of magnesia, gives a gelatinous precipitate, which, after having 
been washed till the action of acids no longer disengages carbonic acid, had 
the following composition :— 


Silica ............ 40-285 
Magnesia ........ 38-250 
Water|............ 19-428 
Carbonic acid ...... 1-450 

99°413 


The substance thus obtained would represent a serpentine with three equiva- 
lents of water; it has the composition of the Deweylite of Thompson, which 
is, in fact, a variety of serpentine. 

As the bicarbonate of magnesia which remains in solution with the silicate 
of potash has a tendency to form with the latter double salts but slightly soluble, 
it is well to employ only dilute liquors. This tendency of magnesia to replace 
the alkalies in silicates is exemplified in a great number of hydrated magnesian 
compounds. On the other hand, the zeolites are in general remarkable by 
the absence of magnesia; and in one or two exceptional cases, such as the 
Picrothomsonite for example, in which magnesia enters into the constitution 
of the mineral, the augmentation of magnesia is attended by a corresponding 
diminution of the alkalies. Thus serpentine should have been the result of 
the action of water containing alkalies on magnesian rocks. The same phe- 
nomenon is shown on a small scale in certain basaltic tufas, in which we meet 
with a deposit of magnesian silicate, accompanied often by arragonite and 
calcareous spar, containing more or less magnesia, while the alkalies of the 
basalt have completely disappeared *. 

Solubility of Silicate of Hydrated Protomde of Iron. 

The silicate of the hydrated protoxide of iron is soluble in the cold in 
alkalies, if we take care to exclude air; this solution is more readily effected 
in presence of magnesia, which appears to protect the liquor from further 
oxidation. We can obtain compounds in which magnesia and protoxide of 
iron exist in various proportions. 

The solutions in potash of the silicates of protoxide of iron, magnesia, and 
alumina, left exposed to the air on a plate, dry and acquire a gelatinous state 
without undergoing alteration, the iron remaining in the state of protoxide ; 
the potash separates itself partially from the compound; the substance, then 
washed and dried, has the form of green scales. Weak hydrochloric acid re- 
moves the bases, leaving the siliceous skeleton unaltered, in the shape of soft 
and nacreous scales like certain chlorites. 

The following analysis will give an idea of the solubility of the silicate of 
protoxide of iron, and of the number of bases which can thus be dissolved and 
precipitated by evaporation, or by the action of Co, :— 


* Besides the artificial Deweylite, of which I have just given the analysis, I have 
obtained a great number of other precipitates of variable composition, which strikingly 
represent the composition of many serpentine-rocks, to which I shall return on another 
occasion. : 
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Silica... . ce ee eee 59-004 
FeO .. oc. cccceess 13-836 
Mo,O.........00eee 8-351 
(ne 8-103 
na  eeeuas ve eeee 11-800 
101-094 


The slow metamorphosis which some slates appear to have undergone, and 
their insensible transition from slate to chloritic slate, show, as I think, the 
latent part that alkalies have had in that transformation, by their reaction on 
alumina, protoxide of iron, and magnesia, and also by their faculty of partially 
separating from the combination once formed. Chlorite always contains more 
or less alkalies; and even Andalusite found in these rocks -often retains traces 
of alkalies as the last evidence of its mode of formation. 

The colloid condition assumed by these aluminous silicates, obtained at a 
moderate temperature, may lead to the conclusion that the foliated structure 
assumed by chloritic schists is more or less connected with phenomena of this 
kind. 

Silicate of protoxide of iron dissolved in caustic potash is not precipitated by 
the alkaline sulphides, and the solution acquires the well-known green tint 

which the slight traces of sulphide of iron remaining in solution give it when 
we precipitate a salt of iron by an alkaline sulphide. 

Some drops of acid added to the solution of the silicate in the alkaline sulphide 
give an emerald-green precipitate, which is decomposed with evolution of 
sulphide of hydrogen on the addition of an excess of acid. The green sub- 
stance loses its colour as soon as it ceases to be under the influence of the 
sulphides. A porous body saturated with this solution loses its green tint by 
desiccation; the colour reappears with a bluish tinge if the substance be 
exposed to the vapours of sulphide of ammonium. The colour may be thus 
revived for a certain number of times, after which the phenomenon no longer 
takes place. 

This phenomenon has relation to the natural formation of ultramarine, a 
substance which is always accompanied by pyrites of iron. The silicate of 
iron dissolved in the sulphides of potassium leaves upon the side of the glass 
an ultramarine blue tint; but other circumstances may lead us rather to 
suspect that this blue colour is due to a molecular condition of the sulphur 
itself, since a sulphide left to the air in a vase exhibits on the sides of the 
glass a fugitive blue tint. 


Action of the Alkalies on Silicate of Lime. 


The direct action of the alkalies, when carbonic acid is not present, on the 
hydrated silicate of lime is very simple, and may be briefly stated thus :—If 
the hydrated silicate of lime, 2 Si0, CaO, 2 HO, be treated with caustic potash, 
it loses an equivalent of silica, and becomes transformed into 8i0, CaO, HO; 
this silicate loses its equivalent of water at a dull red heat, and is ‘then found 
to have the composition of tabular spar, CaO, Si0.,. 


II. Propvucrion or SutpHurst or Zinc, Benne, SELENITE, AND CALAMINE, 
UNDER THE INFLUENCE OF PUTREFACTION OF ANIMAL MATTER. 


The reaction of sulphate of zinc on carbonate of lime or magnesia easily 
explains the production of Smithsonite, or carbonate of zinc; but when we 
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inquire into the production of blende and galena in foasiliferous formation, — 
we have to seek this reaction in the compounds of sulphur produced by the | 
decomposition of animal matter, or in the reduction of the sulphates under the 
same influences. The hydrated silicates of zinc which accompany thew 
minerals prove that other forces were in action at the same time; and the 
hydrated argillaceous clays which form the metalliferous beds further attest 
these last reactions. 

The sulphides of zinc and lead, the former found in mammyrillated mass 
and often in transparent lamelie, have evidently been formed at the expen 
of organic matter. 

200 grammes of sulphate of zinc, dissolved in two litres of water in whic 
were suspended the fleshy parts of twelve oysters, were enclosed in a bag; with 
this liquor were introduced some shells, in order to obtain the eonversion 
the sulphate of zinc into carbonate. The mixture was kept for several months, 
till putrid fermentation had ceased. The liquor no longer contained zinc; the 
shells were partially transformed into carbonate of zinc, acoompanied by 
crystals of selenite; the surface of parts of the shells had acquired a tram- 
parent rosy tint, produced by a deposit of blende permeating the shell. Ict 
for some time in weak acetic acid (strong acid would decompose it), the tran:- 
parent rosy tint became more developed; a part of this substance examined 
was dissolved in hydrochloric acid, with evolution of sulphide of hydroges, 
and had the composition and characters of Blende. 

Conversion of Carbonate of Lead into Galena.—Some grammes of earbonstt 
of lead recently precipitated were placed in a bag and suspended in two litres 
of water saturated with carbonic acid; putrid fermentation was kept up 
the liquid for some months, in the manner indicated in the last experiment 
The shells introduced into the liquid were soon covered with a metallic laye 
of sulphuret of lead. 

A weak solution of chloride of lead treated in the same way gave 0 


Double Sulphate of Copper and Iron.—The double sulphate of iron anf 
copper, by the reaction of carbonate of lime, and under the influence of putr- 
faction, gave, as the final result, carbonate of iron, blue carbonate of coppt 
in distinct rhomboidal prisms, and semitransparent crystals of selenite. 

One of the shells, after treatment by weak acetic acid so as to uncover tht 
surface, left exposed after suitable washing, and on some parts only, spo% 
presenting the metallic grey and the iridescence of the sulphide of copp#, 
and presenting its characters to the blowpipe. The quantity of sulphide 
found in the mixture was extremely small.. The ammonia which is dert- 
loped during the fermentation must tend to decompose the sulphide of coppét 
and transform it into ammoniacal sulphate. It is what takes place whet 
the sulphide of copper is exposed to the vapours of sulphide of ammonium. 

The decomposition of putrescible organic matter of the nature of that 
employed in contact with sulphate of iron and earthy carbonates leads ¥ 
different results according to the conditions in which we operate. If ¥ 
employ a very deep vase and an abundant quantity of water, we obtain #- 
phide of iron, free sulphur, and carbonate of the protoxide, the sulphate o 
lime which is formed remaining in the solution. If the vase, on the contraly. 
present a large surface, the sulphide of iron disappears, and the oxide of 1m 
passes at the maximum of oxidation, and organic matter is consumed. In 
neither case is the iron pyrites formed, which appears to be the result of 8 
slow reduction of the sulphate of sesquioxide of iron in presence of carbonates. 
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ITI. inyvivunce or Feteratnic SoLUTION ON THE STRUCTURE OF SOME 
Camprian Rocxs, 


The schistose deposits of Bray Head, regarded as the lowest stratified beds 
of the Cambrian system, containing the fossil Oldhamia, considered as the 
most ancient vestige of animal life on the globe, exhibit a well-marked example 
of felspathic metamorphism effected by the agency of water. This rock is 
specially remarkable by the system of joints which it posseases, these joints 
separating into rhomboidal prisms, presenting the angles of cleavage of the 
orthoclase felspar, the planes of bedding corresponding to the planes of cleavage 
of the felspar. Nevertheless, as we might expect in a which has been 
submitted to the influence of other mechanical forces, the angles do not pre- 
sent that exactitude which a crystal of pure felspar would present. Hydro- 
chloric acid does not alter the structure of the rock; after the action of the 
acid, it can be divided into plates as thin as paper. These plates, examined 
by the microscope, exhibit a felspathic paste in crystals often distinct, and 
enveloping grains of sand. 

We have here a felspathic solution which has modified a sedimentary rock 
containing fossils, the existence of which is not contested, and has com- 
municated to it its physical characteristics. Whatever may be the first origin 
of the felspathic solution, the rock could not be deposited except under the 
action of water, having its fossils disposed in horizontal layers. The system 
of joints which this rock presents is not a simple mechanical accident ; it is 
evidently due to the natural arrangement which the molecules of the felspar 
have assumed when deposited from the solution. It is, in fact, a simple 
phenomenon of crystallization ; that is, the jointing was guided by the planes 
of cleavage, as being the direction of least resistance. | 

Microscopic examination after the treatment by acid shows almost always 
carbonaceous matter in the neighbourhood, or accompanying the prints of 
fossils, that matter being often enveloped by the felspathic paste. 

Metamorphosed Arenaceous Rocks of the same Formation,—As in the pre- 
ceeding rocks, the felspathic solution sensibly influenced the form which 
the quartz-rock affects ; the erystalline forms of orthoclase predominate at all 
points. This latter mineral has impreseed its mineralogical characters on the 
rock in a rade manner, if is true, but still sufficiently sensible not to escape 
observation. 

By an analogous phenomenon to that which takes place in the sandstone 
of Fontainebleau, but in a manner less striking, the active solution percolating 
through the arenaceous matter has communicated to it its crystalline charac- 
ters. The prints of felspar, which often show themselves on the surface of 
these rocks, are sometimes identical in form and in size with the large ones 
found in the granite locality of Dalkey. 

It is not always easy to follow the transition of these felspathic rocks, and 
there is a moment when they are nearly indistinguishable from rocks con- 
sidered as granite veins. There is, in reality, no great difference between some 
of the Cambrian rocks containing a felspathic paste sensibly crystalline and 
enclosing grains of quartz, and the veins of Eurite filling the cracks and 
creviees of the Dalkey granite, this paste of Eurite often containing Garneta, 
and always isolated grains of quartz which could not be developed in it. 
Logically, I do not see why these veins should not be due to causes analo- 
gous to those which have produced the felepar of the Cambrian rocks. 
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Preliminary Report on the Experimental Determination of the Tempe- 
ratures of Volcanic Foct, and of the Temperature, State of Saturation, 
and Velocity of the issuing Gases and Vapours. By Rosert Matter, 
C.E., F.R.S., F.G.S. 


Art the Cambridge Meeting of the British Association a grant of £100 was 
made, at the joint recommendation of the Physical and the Geological Sec- 
tions, to the Reporter, in fartherance of the above-stated research. Since that 
period a like sum has been granted to him by the Royal Society of London, 
with the same object. 

The estimated cost of the investigation, as carefully calculated as the sub- 
ject admits, has been found to amount to £350—a sum which so largely ex- 
ceeds that derived from both grants, that the author felt some hesitation at 
farther pursuing the matter. In view, however, of the fact that the rare 
occurrence of the peculiarly favourable form of secondary crater existing on 
Vesuvius might alter at any moment, and perhaps never again present the 
same facilities for pyrometric experiment, he resolved not to nsk the oppor- 
tunity by losing further time, and to take upon himself whatever pecuniary 
risk may be involved in performing the task he has proposed, presuming that, 
should his work prove satisfactory in adding to our positive knowledge of 
vulcanology, he may be indemnified in some way for such necessary ex- 
penditure as may be incurred in excess of the two grants made. 

He has, therefore, arranged the whole of the apparatus and mstruments 
required, and their construction is now in progress. These consist of the 
mechanical arrangements for suspending, passing in over, and lowering into 
the crater, and again withdrawing, various mstruments of greater or less 
weight; and of the instruments themselves, both for pyrometry and for de- 
termining the velocity and state of the issuing blast of steam and gases. 
The pyrometers finally adopted consist of resistance-coils, with their various 
electrical arrangements, which are bemg prepared by Mesers. Siemens, 
Halske & Co., of London and Berlin, with the able assistance of the author's 
friend Mr. Charles T. Siemens (C.E., of London); and, as a means of con- 
trol as well as of separate and distinct determination, instruments have been 
devised by the author dependent upon Peclet’s mode of d specific 
heats. By a modification of the arrangements to be employed, the author 
anticipates being enabled to make the fused lava itself become the means of 
revealing its own temperatures at points that cannot be directly reached 
even instrumentally. The latter pyrometric instruments, as well as some of 
the suspension apparatus, are being prepared by Messrs. Siebe, engineers, of 
London. A series of thermometers and other minute apparatus are in hand, 
by Mr. Casella and by Mr. Adie, both of London. For the observation of 
the velocity of the issuing vapours and gases, the anemometer of Dr. Ro- 
binson has been modified in construction and in its metallic material, so as 
to work satisfactonly at a bright red heat; and the instrument in this form 
has been already completed in a skilful manner by Mr. Casella. 

Of other remaining instramental or other arrangements made or in pre- 
paration it does not seem necessary here to give any detail. The author 

to have everything complete and forwarded on to Naples before the 
end of 1863; and hopes to start himself for Vesuvius about the commence- 
ment of next year. 

If successful there to the extent he anticipates, he may possibly try to 
extend his observations to some other volcanic vents, more especially to 
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Lipari or Etna, though the limitation of the funds placed at his disposal 
renders this lees probable. | 

The author proposes to himself collaterally to examine some other dynamical 
and physical questions relative to the superficial phenomena of volcanic action 
that appear to him as yet not to have engaged sufficient attention, and is 
anxious to receive from vulcanologists suggestions as to such subjects for 
inquiry, with a view to which he has addressed himself by letter to a few of 
the leading minds in this branch of terrestrial physics. 


Report on Observations of Luminous Meteors, 1862-63. By a 
Committee, consisting of James GuatsHerR, F.R.S., of the Royal © 
Observaiory, Greenwich, Secretary to the Brilish Meteorological 
Society, &c.; Ropert P. Grea, F.G.S., &c.; E. W. Bray ey, 
F.R.S., &c.; and ALEXANDER S. HERscHEL, B.A. 


Is presenting this Report upon the Luminous Meteors of the past year the 
Committee have much pleasure in drawing attention to the marked advance 
in the number of coincident observations of meteors, regarding it as a most 
satisfactory proof of increased vigilance on the part of observers. Thus, of 
one meteor, viz., that of November 27th, 1862, no less than thirty-eight ac- 
counts have been received, of which ten of the most trustworthy have been 
used for the determination of the path of this detonating meteor. (See Ap- 
pendix No. II.) Of many other meteors also, have duplicate accounts been 
received. 

To several meteors, of which accounts have been printed in previous 
Reports, satisfactory tracks have been assigned, which appear in the series of 
papers forming No. I. of the Appendix. 

For the better determination of the heights and velocities of meteors during 
the August epoch, many observations were made on the 10th of August, 1863, 
in the 8. and E. of England, and the paths and magnitudes of twenty have 
been calculated. (See Appendix No. V.) 

Respecting the Catalogue itself no change of form has been made from’ 
that followed in preceding years, but it is enriched by the addition of several 
ancient observations, collected from uncommon, and generally inaccessible 
sources. In selection of the observations, meteors inferior to the 3rd mag- 
nitude of stars have generally been excluded from the Catalogue. , 

In the Appencix (following the papers bearing more immediately upon the 
observations contained in the Catalogue) will be found abstracts from some 
of the most important papers upon Meteoric Science which have appeared 
during the past and previous years. 


1863. ? 
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A CATALOGUE OF OBSEBVATIO! 


Place of Positicn © 

Date.| Hour. ot tion Apparent Size. Colour. Duration. Altitude 

ee NS SONS (OS OO es 

1761.) h m 
Feb. 7} 8 30 p.m.|Winbourn, Dor-)...........ccesseceneces Light enough|Lasted at least! ........-.s00 
setshire. to pick a} 5 minutes 
pin fromthe} (while leav- 
ground. ing the car 
riage to run 
into th 
house). 
1763. ‘ 
Apr. 29; 2 48 a.mjObeervatory; (Globe of fire ; one-|Bright red .../40 seconds (12° ...... aoe 
Hotel Clany,| third diameter o falling. 
Paris. moon. 
Oct.17} 7 0 p.m.|Scotland ......... Splendour equal to}........0....01+. With great ve-|............«# 
that of broad locity. 
day. ' 
19} 7 45 p.m./St. Neots, Hunt-|9 in. in diameter...|.......... ceenvese 26 seconds ...|Begaai 
ingdonshire, S. of 
and at London. . 
1769. f 
Jan.12) 1 30 a.m. High Holborn,|....cccccseccsecees coccslesccecccecnce conerleescescrcccccneces {t append 
Tower Hill, come {ea 
andat London. S.E. 
1854. 

Oct. | 9 11 p.m.;/Hurworth, Dar-|2 x full moon atiVivid fiame-/Lasted a few.........- all 
same hour, lington, Dur-| rising. colour, dark} seconds. . 
toaminute| ham. red over. ( 
as that o head. i 
August 18 
1783. { 

1839. 


Aug.20| 6 40 p.m.|Amoy, China .../Globe 4 or 5 in. in|Light blae ...|Half a minute; Rove ! ef 


diameter to size grew swifter, beight # 

of a man’s head. asit rose. | water? 
boar: 
ed | 


A CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS. 


all 


NF LUMINOUS METEORS. 


‘Appearance; Train, if any, 


Length of | whether Horizontal, 


Direction ; noting also 


Observer. 


Remarks. 


and its Duration. Path. Perpendicular, or 
Inclined. . 
Like two pillars on thej.......... en rere eo eeceneccnceneosceace Intensely dark night. It)Annual Register, 
top of the house. was also seen 6 miles} 1761. 
When it disappeared, from this, lasting 
' it seemed to move for- ad apparently half a 
ward and to sink down minute, ? Aurora. 
below the roof. The in- 
teriors of the rooms were 
planly visible from the 
' outside by the diffused 
light. 
‘With long tail like a rocket]............... Fell perpendicularly ...\The moon greatly di--M. Messier, As- 
; minished in bright-| tronomer at 
ness. Sky almost Paris. 
entirely overcast. 
| Wind S.E. 
dn extraordinary luminous)|.......... weses[Ne tO So cee es eee wee ..|A similar meteor ob-jAnnual Register, 
appearance. served in France. 1763. 
ireball .......... vonnccocses|cccsscres -o-..-|Course directed towards|Silent. Providentielly!Id. 
the E. no person received 
any hurt. 
A ball of fire seen .......... beeecsere orees|ccccscescenscserecosenccses ..|Was attended with noise/Annual Registe 
resembling thunder. | 1769. 
Tongues and  corusca-|............ ...(N.E.toS.W. Appeared|Tail very extraortinary.|E. Collins. 


lions all round ; globu- 
lar; golden - coloured 
neck, Tail silvery, 
vaporous, full of amber- 
coloured sparks from 
one side of the sky to 
the other ; 


seconds; much ex- 
panded at the poin 
of — first appear- 
ance. 


Increased at first, send- 
ing off sparks at a 
| good height like foun- 
tain jets from the 
main colamn of the 


light; then decreased 
gradually. Left a 
trail from the first, 
 Tewaining overhead 


ten minates, becoming 
Tigtag. 


pretty low down and/ Seen also at Durham, 
passed exactly over-| Dundee, Sheffield 
head. Set below the) (Dr. Dick). 

horizon. 


coeaes Rose vertically Many persons observed 
the trail of light, 
which was like a ren 
in the blue sky. The 


sun had not yet set. 


— 


212 REPORT—1863. 
Positioa, or 
Date.| Hour. one Or Apparent Size. Colour. Altitude tind 
8159. | h m 
Oct. 4; 9 5 p.m |Roorkee,N.India/Far brighter thanj...............0. Slow motion/Appeared « a 
any star then at beginning} tude 12°, ¢ 
visible in the sky. and = end,| E.; = pase 
quick in the; withia > 
middle. the zenith, 4 
disappeared 
altitude 29°, 2 
S. of W. 
1860. ° ° 
Aug.11)......s0scceees Newhaven, Con-/46 shooting-stars...|........ssccsscecefecsseessscensacone|sesssessssceors 
necticut. 
} 1861. ° | 
July 16/10 10 p.m./Vauxhall, Lon-|Beautiful meteor...|.......... cecsesss[esecccesescccceces Descended tamil 
don. the earth @ 
northerly er 
tioa. 
24) 7 10 p.m.|Lat. 22° 21’ S.,)=Srd mag.s ...... White ......... l-2second ...|Prom Saat 
Long. 3° 17’ E. towards | 
bor:zoa, a 
axis of them 
acal light 
27| 7 55 p.m.|Lat. 19° 44’ S.,| 3rd mag.# ...... White .........12 seconds...... From nea? 
Long. 0°18’ W. tauri te 
ern sii 
Crater. 
Aug.10/About 10 |Dieppe (France)|Very brilliant = |........-.ee.ss0+- Considerable Disappeared 
p.m. shooting-star. duration. hills ia W. 
altitude 8 
10)...ccosscoceee.| Newhaven, Con-i95 shooting-stars...|.....0...00.cessee|ssscecsscccseaeresfensssnsseeneer nn 
necticut, N. 
America. 
10]......000..se0e/ Burlington, New|289 shooting-stars..|.......... ecessccelesesace saveevececeleseseroeess: ” 
Jersey. | 
15} 7 O p.m./Lat. 6° 19’ N.,je Cygni_ ............ Slightly red-j1 second ...... a Cephei 4 
Long. 25° 43’ aCyg § 
19] 7 49 p.m.|Lat. 9° 48’ N.,| == lst mag.#......... Bluish white.../2 seconds...... Throng Col 
Long. 17° 10’ 
20} 7 35 p.m.|Lat. 10° 6’ N.,|>> # Ursa Major...|White .........|....cses sesees.e a . 
Long. 28° 15’ Uns 
219 & pm|Lat. 10° 46’ Nilo ceecccsceesee .|White ......... Not >0°5 sec.'@ to 9 Da 
Long. 29° 28' and care 
Sept.25| 8 30 p.m.jLat. 50° 37’ N.,| 22nd mag.# ...... Deep rose-red|Not>0 25sec. p Serpeat af 
Long. 0° 16' 1 NB 
25| 8 32 p.m.|ibid........... oe-|am Let Mmag.#......... White ......... Not > 0°5 eec..From pee 1 


gnwartt * 
| rizos. 
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we wee we wm ee te wae em oun 


Direction; noting also 


Appearance; Train, if any, whether Horizontal, 
and its Duration. Perpendicular, or Remarks. Observer. 
Inclined. 
Far most brilliant at the)............... E.N.E. to W.S.W. ...... Gave irresistibly the im-|J. Herschel. 
1 centre of its course; a pression of a body 
tail began to follow it as becoming luminous 
1 it rose. A fine meteo on entering the at- 
1 from first to last. mosphere. 
eeescoccsensnccee occcccctescconerlsceseecs A136 Or 80 per CENE.|...ccc.csccrecccncrccrsceens ..|E. C. Herrick. 
' emanated from a : 
| point; R. A. 48° 6’, 
| N. Decl. 50° 57’. | 
‘Left a long and _bril- [ts course was in Al........ccccccceers coe renccees ‘ Tilustrated Lon- 
hant tail behind it; northerly direction. don News.’ 
near = the horizon 
the head burst and 
| emitted a light 
similar to what we 
see when a sky-rocket 
bursts. . 
No track left ; no sparks...!.............../Along axis of the zodi |............... T. Halis 
No track left ; no sparks...|.....0...s0000 Id. 
umerous shooting-stars).......... noseeleresseescecscereos Ceeeernenes A fog then filled the/Jas. Philp. 
} everhead in all di- sky; calm air. 
rections. Some lasted 
one or two seconds. 
casccaceccccvee sacenseccccsccece|serccensccceenei9Q per cent. radiated 8 Camel.; R. A. 48° 6’,/E. C. Herrick. 
from R. A. 47° 56’,| N. Decl. 50° 57’. 
N. Decl. 47° 36’. 
leveseceeess co tarececsecccesceeeleessccessceeees (BO per cent. ratliated]..........cccccccsseccsseeee/Ve Marsh and 
from R. A. 48° 67’, — Gummen. 
N. Decl. 50° 57’. 
Slight train seen through....... T. Halis. 
twilight. 
Frain disappearing at same) .........ccs0-/S. tO Ne ccscscscscscsscrcs[ecccesccncceteccessveesececees Id. 


time as meteor. 


Position, or 
Altitude and 
Azimuth. | 
Nov.19| 9 45 p.m.jLondon ..........\Very surprising (Colour a fine; About 60° ...|........csse 
meteor. sky-blue. 
From  Casaupe 
through Lres. 
woons it i 
about 40° e& 
like the the borizes. & 
casting deep the three nr 
shadows ou all stars of [rate 
objects. 
Lat. 1° 13’ N.,|—=r2ndmag.# ......|....... ssseenee eselecevcccesscnces ve-[es Crocis th 
Long. 19° W. pws ¢ 
teuri. 
Lat. 35° 54’ S.,/ = 2nd mag. ......|. etseeecceesee seeles etoeressenee ....[Greater Magela 
Long. 5°14’ E. cloed ¥ 
an popes. 
$1] 9 20 p.m.jLat. 37° 55’ S..|=2nd mag.» ..... elescoccceceese ee ..(Canopes 
Long. 23° 28’ Achernal 
E. 
Jan. 20| 8 35 p.m.|Lat. 21° 30’ S.,|—= 1st mag.#.........|White ......... ‘5 see. ...... 3 Hydre Ast 
Long. 74° 20’ to » Towa® 
E 
sececsees 3 seconds......|From Mose 
between Ceylon 30° ast 
and Madras. bories- 
21; 8 52 p.m.iCambridge Ob-jAuroral arch ...... ite ......... Endured a |Graduailt ss 
G.M.T. | servatory. considerable} wards \¥ 
time. Passed 0 
Pole-sts1 # 
52° p.o 
23| 9 25 pm./Weston - super -/Light as strong as\Red ........0...}..-csessseses cevecees sete 
Mare. half-moon. 
Mar.27| 9 20 pm.|Kurrachee(Bom- Blue............:2 or 8 seconda|Fron vat 
bay), India. meteor. under F 


the 
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Direction ; noting also 


; Train, if any hength of | whether Horizontal, 
and its Duration. | Pat Perpendicular, or Remarks. Observer. 
Inclined. 
'Gead much brighter)............. ee sseseeceenessece ing about|J. H. Davis. 
|. than the tail, of a 60°, the meteor broke 
shape, about up into a_ great 
|, 25’ across the broadest number of pieces and 
' part. Behind the head finally disappeared. 
extended a tail about 
3° in «length and 
12” broad in the 
middie. 
celsdnseurenenseonenencesareseneslensseseeeeeeestlacagesscees peeseasecssccccccse[scnenccecsccscccccccvecseccoes| Fe EAMLIB, 
[Large frebalia, or rather .............-:[..c.cccsssessesececccocessesce No report heard ......... J. M*Innes. 
more than one. They 
almost «= iromediately, oo” 
suddenly, became erx- 
| tint as soon as seen. S 
A few dult red sparks ’ . 
remained, but these also’ 
vanished very quickly. 
Meteor. 
I 
Moon. 
«sPeveeeenecercecercoccnec cree coscepecenecess|eccsnsecceraneenes suse eesseeeclesceseccconssccsensseusseneuce T. Halis. 
ee ee ee 
| $88 OOOO onccnvesseeeseoee® | PYYSUVOLELECP TTI eee COOOROrcererlesoee nese esasanesOSOeevesenes Id. 
TRIM oo eesesccssecececccees vce cecenennsvelecsvaccccceneccnccsascccacccseleccctencacescesenessseseeccess Id. 
Left no track; no sparks... seeserveceaeses N.E. to S.W. ......cccosefecssscccsssscscesessssesseeens Id. 
Its brightest part _ Its vertex was appa-l............ oecccscecoranenecs James Challis. 
towards the E. rently upon the mag- 
netic meridian. 
ts light was comparable ......... sceccelecscesscecrenecscccccnasscsese|soceneccececeecscesseecesscces Communicated 
' to a flash of lightning by W.H. Wood. 
| two miles from the 
| Spectator. Very in-' 
tense, 
eee eR tease a eeecccnssaeerecveses COP ae Sere Dee SSle HEHE TA HOHOSOHO RESTOR SE DELEEHDIO STOO HRT SOTO EEO ELEREHOOEEEOED H. Temple Hum 


phreys. 
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Position, or 
Place of | : 
Date.| Hour. Observation. | Apparent Size. Coloar. Altitude tad 
| — —_—— 
1862.|h m | 
June 4; 8 30 p.m. veal), Rimini Fine bolide ......... coveccassccecccceclesccsorscecsce a] sascessessasesseeree 
(Italy 
5} 9 20 p.m.jLat. 52° N., 2nd mag.» ......|White ....+..../1* From [ Centaani ( 
Long. 89° 35’ N.N.E. 
E. | 
: 141715 pmjLat. 1° 7’ S.,|..4th mage ...... White ....... ..[1 second ...... gh Cestan 
Long. 85° 45° to S.S.B 
BE. . 
18} 9 O p.m.jLat. 7° 1’ S.,'=2nd mag.# ...... Rich red ......|3 seconds...... From near 6 Tsing 
Loug. 79° 20° Aust. w ? 
E. Are. — 
July 8| 6 30 p.m.jLat. 33° 17’ S.,|>1st mag.# ...... Arcturus ......|2 seconds...... re Sour tonard 


Long. 32° 45’ 
E. 
19}10 15 to 1)|/Prestwitch, near|Not a single shoot-|......ccssssceeses[eovcnensccensneses[oensenscrsncsnerrer” 


p.m Manchester. ing-star. 
20/7 15 p.m|Lat. 28° 48’ S.,/—2nd mag.# ......|White .........|1 second ...... 9 Serpents 1 
Long. 9° 54’ Taur. l'on 
E. 
Aug. 4| 9 45 p.m.|/Euston Road, |Fine meteor, equal]..........0-...00-[5 SeCOnGS...... Prom star Bt 
London. to Ist mag.# todo. BAC! 
7, 8, 9 eocrscgceceeeus Brussels, and POC eee POOER Saree erscares {TSO OEECOEneesesecs eee ne 
also at Ha- 
vannah. 
10] 8 30 to 18/Rome ; Observa-|19 shooting - stars)......cccscsercecs|rscccesecscersceeelesnccessesnstens 
p-m. tory of the} recorded. 
Capitol. | 
ee eoe}/Havannah  and/31 and 54 shooting-|.....0..-..cccoses|ecscocsscescos on ea 
Paris. stars per hour. | 
12)10 O p.m.jEuston Road, |=2nd mag.# ......|..... cccccececsees/4 SECORGS...... 76 Une See 
London. “6 to 3 Can. Vest 
12/10 14 p.m.|[bid............000. —=2nd to 3rd mag.t|.ce.....scesesse|suseetsorereasenss Appeared - - 
ute con 
with Mus. @ 
vanis 
ander it- ” 
12/10 49 p.m.'[bid....... cescooece] = 18¢ MOQ.#.........]e00 eeeecceneceece: Occupied only From br ie 
| to 62 U 
(A pros , Ca 
12/10 52 p.m.:' Hawkhurst =2nd mag.* ...... White ......... ” From 4 , 
(Kent). ae c 
to 
12/11 1 p.m.|Plimwell, Hurst-| = 1st mag.#.........[scccseeeseseeeee [ROPIG ceesceees From 8 IE 
green (Sussex). , nis “ 
12)11 11 p.m./Greenwich ....../Bright meteor ...|White .........| Moved very) \ppearee ir 
_e 
close briew 
‘ Pointers” ' 
wards ibe 
12,11 35 p.m.j/Hawkharst ...... ==3 Ursse Majoris...| White ......... 05 second ~(Ceaus atc 
12/11 41 p.m.[Flimwell, Hurst-|= Jet mag.#........|-++ csseesessrses RABID sesoeee 1000 15 TSN 
green (Sussex). to 3 


Aquilz- 
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Direction ; Noting also 
pearance ; Train, ifany,| Length of | whether Horizontal, 


and its Duration. Path. Perpendicular, or Remarks. 
Inclined. 
& no track ; no sparks jocleccnes SeRacneselecs COS ree nesnenecrecss Ceovccce Slow motion eo veeneecanes 
ov eccoececcneselesvce ccecevecccesesccoesseress|Moderately rapid. 
Moon 11°2 days old 
at noon. 
sev tessereassensonsecenancaccce|acccceccccccaselooe seorsocessseseeerseeeeesceelClear sky, fine night ... 
© track left; no sparks...|.... caseucteecs[scsceescscvonceescess re ee seececececeuccece seace 
vecenescenccecslesceecccsssceessanses ey re a Cramplen 
end. 
waceesscececnesteors oecesceeeceennces oosee-oee(Sky particularly clouded|Ad. Quetelet, 
Andres Poey. 
Radiated from the head)................sscsseceees ...|Madame  Scar- 
of Cepheus and cluster pellini. 
of Perseus. 
sttesssetenessacsceseneccanc|ecrsvecccscacta|scecsecesssossasscssasesescestlisseupecacsgeecescessemesecese Andres Poey, 
Coulvier Gra- 
vier. 
cacccevecccccccfoueecce sovncccs[eccesccrecceassccesssccseseeeelssuscesecccccccecsssecscsceeel ds Crumplen 
and J. 
Townsend. 
slight train .........]......... secsecboense ceecneene sceseceosseeeee[S0EM through clouds ;jId. 
part of passage quite 
obscared. 
Ued slightly .........].. bsensenees sec[ecescccesccccssecesccenssceselesseseeeaees ceseeesecenscenes A. S. Herschel. 
tees ssieessesesconcucerecete coccncccacsccclersscsscnscescescsesscssecssseleoccsscscenccscsscsccsssscsece(he HOWlett. 
e Had a very Sseeoesaegreseeeoeeeenes eee SCRESCKESOHSEHOHHEOHSH GSE EECE SEED WwW Airy and W 
long run. Stone. 
ack left 2.0.0.0... bee eo... Fowards 3 Bootis ......!...... seececeasceoncesessnsees A. S. Herschel. 


tse acencenecenevcevsccccecfesesocccacseccs|ecccoce cocecevcccccccecccssses[scccccccsssscccocccccccssssess(Fe HOWlett. 


218 REPoRT—1868. 


Place of . . Position, or 
Date.| Hour. Observation. Apparent Size. Colour. Duration. Altiende nd 
Aug.12)11 48 p.m./Flimwell, Hurst-| = 1st mag.+......... From 4] Antisc t 
. green (Sussex). 55 Sagittari 
13] 0 13 a.m.|Hawkharst ...... =a Aquile ... Appeared 1° 
of x Une 
joris. 
13/ 0 15 a.m.|Ibid............ ...., ee Aquils .........1. sevecseecsseesens From } (e«' 
conis to Ber 
Ursse Mars. 
. 0 30 am.|Ibid....:....... ..../= Arcturus ......... to r Cap. Veut 
1911 30 p.m./Hay, S. Wales...) 2nd mag.e ......|.cceceeececsceces|eoeseerecteesenees Halfway beter 
' Una Napr 
Minor. 
to 3s Une \! 
joris. 
23 4 0 p.m./Georgia (North|Great luminosity...|................0fe0e cecscceeecscene High up in tea 
America). 
23, 9 55 p.m.|Weston - super -|Brilliant meteor ;|................c/ece ses sccesosecee | Altigndess?.S84 
| Mare. lit up the sky. tow. 
Sept.16 9 10 p.m.l[bid................,=to Mars at his|Bright yellow |1} sec.; rapid|H 69 Urse Nast 
brightest. | to ¢ Boots 
16 9 14 p.m.|[bid.........c0c0- = 2nd mag.# ....../Blue............ hs sec.; slow|Fell verticals | 
| . below x & 
| conis. 
16 9 38 p.m.|IDid.....0....c0000. a= 2nd mag.# ...... Blue............2 secs.; very|From Urse 
slow. joris to 15 Lex 
Minons. 
ee O p.m.lIbid.....eccce.csees = 2nd mag.® ......|Blue............ 24 secs. ; slow!y Pereei to CaF 
16.10 17 p.m. Ibid.....0...0......| a0 1st mag.#......... Dull yellow ma second ...\0 Cepbel “ 
Lyncis. 
18] 8 54 p.m.libid.......... veess.fen to Venus......... Bright yellow4 secs.; very|S to A Ophattt 
slow. 
1 | 8 58 p.m.j[bid ........... co ee| A APCHOFUS ...00000¢| BIUC,..coccccvee|2 SECONGS...... to { Here - 
_ 9 30 p.m.|Ibid................ Very bright meteor Blue............|..secscecesccesscs|sccenerssrertte 7 
19 6 10 p.m./Reigate ......... Large meteor inj........ «..,coeeee| Disappeared Fell dows sf 
broad day, just very quickly.) S.W. 
after sunset. 
1910 15 p.m.j;Ramabury, mear)......cccccscecccsescscehe btavececscees coselass seccotessseeeee(Passed 88°F 
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Direction; noting also 


Appearance ; Train, if any,) Length of | whether Horizontal, 


and its Duration. Path. Perpendicular, or Remarks. Observer. 
' Inclined. 
| F. Howlett. 
| 
r° track left ............... ..| Towards 6 Urste Majoris)...........cccoees eevecscccees A. S. Herschel 
Paint track 4° long, I sec.|............... Towards » Ureee Majoris|........... eovcccnscccnavcsces Id. 
| 
| 
stsetvesetesscececenccccccccracs|coscsccssceces (SHBht deflection in last!...........cecccssccesvesvoees Id. 
No track left .............../10° ......... Sto w Ursee Majoris ...|.......:.cccccccececeseecseees T. W. Webb. 
Like a sword. Handllel............... Pointed for S.W. to N.E.]..--.---0cceereecesceseeseees Monticello Jour. 


. silver, blade and point 

red, ten times as long 

_ as broad. 

eft a large lIuminoos|.............../Horizomtal ...........cc.[cccecssceesssescesseeeeeees W. H. Wood. 
streak. 

Left a narrow yellowish|...............[s.ccccccsscesececceseeconeeees 
streak 30°, 3 seconils ; 
n Urse Majoris ap- 


nal (Florida). 


' peared through it. | 
sssteeenncvunceacencceccacecccccsfeccnvcccccesccclesccececccccscunsccccestcncese[*USeSereeraneveesesesseeereees P 
Le secsscensccceccceceveeee ececca[ccvcccccccrsccc|cccnscsccsccccsccecoseccerecsc[eecees Cece cnc ccunececcsecccees Id. 
| | 
| OPC OH ema sO OOS Rae e DEES RSSS LESSOR SPESDEROTSOCLCCOSRESEPSaOCEDrosevneeBeseeesReTDhesesene CCOCOOK REL OREOHeaeresoneseseree Id. 
Increased im size. AM ad-|.........2.0c0.|ecscececsscecccecccscncccccecs|eoeceeeenescncccsaesccesearees ha 
hering dull red tail 8° 
| long. 
Increased im size and|.....c.cccccceo[eccesesseeseseeececeeees sevssa|eeeeees veeceseeesseesesuaeeens Id. 
brilliancy. Prom firs 
Diagnitude star, he- 
, came very bright, 
glotiular, aud suddenly 
| extinct. 
IA slender adhering tail ...|........scc+-+.[bosssssssecsessessssessessesssfeees saaeenssesseneesneesaceaes Id 
cen ewnwewocuccesenes COP wraccvccelesccenceeceseevrincrssereseeesecorsesesesecoseae(eOtee eal oa 
! 
A ball of fire with a long)...............[..cccccecesessssenceenernenees A large meteor wasThomas Burn- 
tail of sparks. also seen at South.| ingham. 


ampton on the same 
date (-— Burning- 
ham, Jun.). 
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Place of Positwoa, of 
Date.| Hour. Observation. Apparent Size. Colour. Duration. Altitade id 
1862.;h m 
Sept.19} 9 55 p.m.j@aen (Nor- [Globe as large as aiGlobe as blue...... cocceseeoeee/ EO the middiedd 
mandy). fist. Vividly il-| as som a B y Aunge & 
luminated all port-fires. the middle of 3 
. objects. a wv Une i 
ig ight, yellow, joris. 
en deep 
blue. 
19}10 © p.m./Manchester....../Strong glare seen ;]...........000 ...|A few seconds| Moved along ind 
(+). from behind the . upward cocrt. 
observer. 

19/10 12 p.m./Chiswick .........|Light more intense].............. cvvclecccssscsesceseees Exactly ovehen 
than any single when fini 
flash of lightning. ceived. Free 

little wet ¢ 
Vv , 
the SW. 


19/10 15 p.m./Arnside Tower...|Brilliant glare seen| Meteor Te Moved shor 


| sky io 3 
' direction. 
19/10 15 p.m.|Wellington (So-|4 times % or 10|/Body and train Not very rapid/Appestes 
merset). times Sirius. blue. | i 4 
| the "i 
| Moved \ 
descending 
\ Z Persa '9 
| Annge. 
aa |sceccseccsosceces ™ track 
| tended 
| Capella are 
| | towards 
| Pleiades, hut 
| 


19/10 15 p.m.|Great Malvern...|..............csceess ccs] uvecccccescceces 


not reach 
Plerades. 
1910 15 p.m. Peckham Rye, | .cocccceccccccccccvccces|seecccvcccccsecess|csceccecscecscscce: A brokes ae" 
London. fre «& 


20| 5 0 a.m.!St. John’s Wood,|As large as a small)..........ccsscesslescseseeees seoes.: Position Bot 
London. plate; —s very | tained. 
bright. 
20-30)......+s00000+-|Manchester ...... == 8th-lOth magni.|.........cccccccee|.ssoserscsersesees Chiefly in the 5 
tude stars. sky. 


22, 0 22 p.m (Euston Road, |= to Mars ........./Ruddy .........(3 secs.; slow From 10° £. 
London. and uniform _Deiphiass. 


as Dei,2 
to i & 
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Direction ; noting also 


ce; Train, if any,| Length of | whether Horizontal, 
and its Duration. Path. Perpendicular, or 
Inclined. 


pearance. 
Brilliants were falling from 
it. 
Globe seattered blue)... ......... cu cence ee rnccecsccccssccocncene|scenececescerecsesesensenerecs 
light; became egg- 
shaped, elongated itself, 
and disappeared without 


| fluttering riband three 
or four inches broad. 


"near _Vega, the rest 


..(Commnumicated 


by T.W. Wenz 
Meteor not seen, but thel...............[...cccescsscsesccssecscosseeee| ce ceesscecescesenecesscsocces Communicated 
. flash only. byT.Crump.or. 
A large meteor SPHOSHCSCCESHHGi caw egetSGoeceecesjeoe Ceoussnseneesees SCHSCHSSTS OSS LFEOSOCHOOOOSHEHEHE HEE HOOHECEHECE VES 
Telescopie meteors; OME,|........cc00...|..cecesescscesreoes dencnseeees Striking frequency 


two, or even. three them. 
on every fine 
night. 

A train 5° long ere etonestelecevece eee cetesiocecs POYYTTIVITYLTITETITITETTITICT ITT 
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Position, or 


Date.| Hour. Ob ton. Apparent Size. Colour. Altitude and 
| | Azimuth. 
1862.;h m s 
Sept.22)10 22 p.m./Etchingham == lst mag.+.........(Red and blue,|4$ to 5 secs.../Started very ne 
(Sussex). dull. Delphiow; tr 
velled throu; 
Pegasus and d 
appeared ha 
way between 
Arietis and 
Trianguli. 
22:10 23 pm.ibid................ am Ath mag.t......c00|...ceccsccecceceee(RMPIG ......02.| Described a cur 
round the be: 
of Delpbioas. 
22110 23 30 Ibid.............06. am 4th mag.#.........|.ccceeces cocscseee(RAPIG 1.002... Described a revert 
p-m. curve about C 
22/10 26 p.m |Euston Road, |=3rd mag-«......... Bluish ......... y Pegasi to 22 41 
London. dromedz. 
22110 47 p.m.lIbid.....s0s00..-.-- = 2nd mag.* ...... White ......... 1 second ...... le Cygni to 5°belo 
¢ Cygni. 
22/11 3 p.m.jIbid................ == lst mag.#.........| White ......... | secoud veces. Crnsged & paint ( 
| 48’ fallowin 
and 0° 3’ 8. ¢ 
| Mars. 
2211 31 30 = j[bid................ = 2nd or 3rd Mag. #|....cccessseeees--(2 SCCONGS...... From the Piriade 
p-m. to near o Arnett 
22;Aboutl] 48) [bid................ = 2nd mag. --sees| White seeseese.(Rapid motion .|From 1° BE, 4 
p-m. below Mars ! 
8° below. 
25/About 6p.m.|Smedmore, Kim-|Very bright ball of|-.--.000+..-.+.0++/+ sescseseesececee.|Presented itself | 
or very | meridge (Dor-| light. altitude 83=— '" 
little set). going  towar 
EB. 


ee 


later. 
| 
| 
| 


Half size Of theless [essserseceeseees |Appeared fall 


25|Shortly be- Between Llan- 


fore 6 30 gollen and| moon. towards the W 
p.m. | Corwen. as if down up? 
| a _ihill, = 
| disap 
| hind it. 
23} 6 28 p.m.jOakley, BisbopjA splendid meteor..|............seecs.lececessee sesseees.(Descended 10 
or 6 30: Stortford (Es-| - westerly 
| p.m. |, 8€X). tion. 
25| 6 30 p.m.'Loughton As large as the|Bright hues of|10 seconds ...|From E. to N.Y... 
| (Essex). planet Jupiter. blue and red. 


4 CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS. 228 


Direction ; noting also 


; Train, if any,| Length of | whether Horizontal 
and its Duration. Path. | Perpendicolar, or. Remarks. Observer. 
| Inclined. 


- reddish, and taill85° OPERA t ache gene COSKeeet acs neosssecegnone No m : ever rseqn, ‘ i ay lett. 
tra 1 89 slowly. ‘3 uff R 
jj . Fo gt a 


course. T] Poot ae men ~' 
Univer TTY 
A oe 
<P AGareks oo be 
soacee Pec emcee eee SOOO RHR EEHSSCE HS IFESSCESEO ERS O SEH a ase eeSOO CHnaseeeHserenasenas| SOOO Sees dave secs r SOHneSEEEEES Id. 
| 
light train PCoovecccneesseene 30° COC COD SEF), Lcreonenece COdereravecrecnces cotoucons SOLereece COveesoscase T. Cromplen. 
Tal of 2° evesvereecesd COGace 10° aeceecorrd, ocee wvesseedececcevene® re COM c cree c SOROS eee ESeaes nes (d. 
rain of 10°, lasted ONE|...004 Coatveses Trrerrerrerrrrirt rrr er yt terres «OOOOC ocd raccoeeseseossetesuuss id. 
1 second, fading gradually. 
| 
\Left a train of 7° SOOO EOE eras cesentesevelsanecccensasesevere CSF oosvscnealee @ecsen ececeasrces Peocesecoes T. Slater and J. 
. Townsend. 
Left a alight traim ..........ccccsssscenseslececcecsssccececcoserees ececss|eccecces oo eeeeveceseceucnecees T. Crumplen. 
After attaining its greatest|.........ccccse|.ssesessesssssscnensees scenes [eostecccsccecsceccsssnsceses «(Communicated 
height, burst inte about by Sir John 
' two dozen small balls Herschel. 
of the same light as the 
meteor, and retaining 
the same direction fo 
3 or 4 seconds. Left a 
sight smoky track be- 
. hind it. l 
Very bright, and appeared evpaeseeseceseeulase Pevesnesanesstetsense COBedeloeseace Ceoesesecee saeteeeesesenac ‘The Standard,’ 
| to be quite close. Oct. 10, 1862. 
! 
fvsrereeeeseeetssnsssenertn sevececececcotlesssseseeseccssseeseeseeserens secceeronsees Ses eteeeceneeees ‘The Standard, 
Oct. 2, 1862. 
Nery brilliant BPPCATANCE.............0.[escecceseescescees TTT Tee 39 minutes after sunset.|..........c-csseeees- 


even in the evening 
sky. In the dark it 
would = undoubtedly 
have been as fine as 
the large meteor o 
September 19th. 


a Se nS 
| 


224; 


27/Seon after Cuckfield( Essex ) Several 


712 30 


Noon. 


15,9 1 


15) 9 ld 


9 24 


15 


15| 9 30 
15) 9-10 


16) 9-10 
16) 9-10 
16) 9-10 
18} 9 25 


18/10 36 


20| 6 34 


' 49 


| 
p-m. Mens, Fiirsten- 
berg (Meck-| 
lenburg : 
p-m. \Senftenberg 


p.m. [bid........ rWoueae 
p-m.|Prague 


fitthiow ea 


p-m.'Senftenberg 
(wear Berlin). 

p-m.|Lake Constance, 
S.W. end. 


p-m./Rothnen-Siedel.. 
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| Place of ; Position, or 
Date.| Hour. Gheereation Apparent Size. Colour. Duration. Altitude and 
aa Azimuth. 
1862.;/h m 
Sept.25 About 7 39|London ..,.....-|Pine meteor; =] st|.,..,.cescsscsees From near Polar 
p-m. mag.# to 3° above 
Urse Minoris. 
25, 8 32 p.m./Brighton .........,.Most brilliant |White,  then|...............+../Descending in tl 
meteor. green. N.N.E. 


splendid) ........s0s2ss.+s. Traversed the 
8 p.m. meteors. eastern sky. 
29.8 49 30 |Manchester...... Decidedly > Ca- |Bluish white../1} to 2 secs.../From R. A. 1* 58° 
p-m. pella; nearly = Declination 4% 
to Mars. 284° to R. A. 2 
61", Declinatio 
| | N. 30°. 
. 3,7 35 p.m./Vienna......... One-fifth diameter/Yellow in (2 seconds....,./Altitude 34° ji 
of the moon. centre 3 5.W. 
greenish on 
outer edges 
| and on tail. 
5 8 O p.m. London .......+.|5> APCtUFUS....0000-/seeceeeeeesseeeee/Rapid ........./From near Arctort 
| to below the he 
rizon. 


Aérolite, 16 lbs. ee ee ee eae i; 2 


7‘ diameter ..,......|Greenish blue,/24 seconds .../From near Persew 
then red. to feet of Un 
Major. 
5’ diameter .........|\Greenish blue,|2 seconds......\From Pleiades w 
then red. wards Cetus, 


«(Greenish ......|.ccacecscceceeees(/FrOm altitude 7° 
to about 10° alt 
tude at last. 


..|Pularis, past Lyi 
aN to 5. W. 
.«-| Yellowish.......34 seconds ... 


Large fireball .... 


a 


From 20° altitm 
in E. to 30? alt 
tudeiu N.E.or! 


Pt ee | 


= Venus .....0... 


.|Prismatic 
culours. 


2 x full-moon..... 


a I MOU ae ool cept cas oe chines Wionaeadaaaedd sawki| ocdacaeevindwapes praca 
P.M. [Did....00eceeeeees tares Geehall rsis|ecesvcindsasmasscfecntoeinensinediins tnsseensasestel 
p-m. Greenwich . ---|=0 2nd mag.# ...... Blue......,.....|1 second ......|From  Persei | 
| « ‘| the Pleiades. | 
Pm. [Did,.....ss00se2++-) = Capella, Bluish white../1 second ......\[n N.; diva 
peared mear 
Draconis, 
p-m.|London  .....+ mr little Jess than|Intense white |1 second, or a/from 2° W. of 
Mars, little less. Pegasi to 1° W 
of and above | 
; Aqitarii. 
p.m. Greenwich ....../a2nd mag.# ....../Blue  ........-(1 second ...... From Perseus to 
Andromedz. 


A CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS. 225 


Direction ; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 


‘Appearance; Train, if way Length of 


| and its Duration. Path. Remarks. 


Descended §.W. tojLight breeze and pass-|F, E. Harrison. 
N.N.E. ing clouds. 


ting sparks. 


‘Two or three were trans- 


Starlight night after an‘ Kent and Sussex 
extensive distant Advertiser,’ 
very eccentric in their thunder-storm. Sept. 80. 


Serpentine course ...... 


POSCHOFeccososeeeeeeesoceeaeocs 


Its course was undula- Jos. Baxendell. 


ting. 


SHdeneOSSCOOnes 


| bet threw off two 
three fragments in 
| downward direction at; 
the moment of its ex- 
tinction, 


meteors by Dr. Haid- 
inger. 


a train for a second 
or two. 


CoC esSoceeneenscceseoeeeeesote thrown up into a by Dr. Haid. 
shepherd's face. inger. 


Inclined slightly | up- SCOGeeSOKFOeHSsESegqsehsogessOvene 
wards towards Ursa 


Major. 
Long train ..... ANB. to S.We ccccseseces Probably October 15 ...{Id. 
sesttstestussenees sesseceessseas|sosccsscesacese[esesansevessesecessvesenseeess|Probably October 15 ...lfd. 


Id 


Mttde A TITTALIS ISTE TEC T ET TT ET PT TTT COP ceccce (COCs roses SERS OO RSHoeebeteesees Probably October 15 eee e 
W. C. Nash. 


[Hazy  ......cecsscccccesers 


Fine train socvceQuecsccsensets IE. tO We coccccccncccccesscleccces 


| . 
light tail, leaving a faint/10° .......0.|-cccscccsssscsecssterssrccscceleceees T. Crumplen. 
blue light. 


i ht train So seeoseenenactoe 
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Place of 
Date.| Hour. Observation. 


“1862.| h m 
Oct. 20} 9 52 p.m.[Greenwich ...... 
20/11 58 p.m. Ibid .........02008. eH sseeee 
20)11 59 p.m.jIbid ..........0c00- =Srd mag.t ......{BlUe  ....0000 
24/10 21 p.m.iHay (S. Wales)..|=1st mag.* ...... . sacvevececceceeses 


26) 7 45 p.m./Weston - super - 
Mare. 


26, 9 O p.m.iGreenwieh ...... cooe{BIWO 2550002. SECORA ...... 
A pproxi- 
mate time. 

26) 9 30 p.m.|Weston - super « vereeeses|cecceserescesceess 

Mare. 


31; 8 45 p.m./Weston - super -|= 1st mag.¢ ...... .|J second ...... Pros lil ‘ 
Mare. in W. 
Nov. 2/10 7 p.m.|[hornliebank, {A Fell dows nd 
Glasgow. i 
to bdow ; 
horison: 3 
N. of W. 
2\A little after Glasgow CConceres Nearly as large asi White RASS KOHSISSHSSS HOHE BHGCCe It appeared 
10 p.m. full moon. falling 
the hon 
the NWA 


gocnn? 


3/Evening ...|Prestwitch(Man-/Four shooting-stars 


SEHCOS FF0650F55 5001S SHSSHSEHOUSHHE SOE aqnucseeset® 


chester). in a moderate 
ime. 
5} 6 0 p.m.jLiverpool.........|As large as anjQuite white .../23 seconds ...|im the 


from 
30° te 
12°. 
N.NE. 


orange, or 5’ dia- 
eter. 


5| 6 10 p.m.|Manchester, 10|Large fireball ...... 2 seconds...... 


miles S. 


eeenseeesoseesseaes 
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oe ee eee me _—_— 


Direction; noting also 

Appearance ; Train, if any,| Length of | whether Horizontal, 

and its Duration. Path. Perpendicular, or 
Inclined. 


{ oon Poe ee eee —_. 
t rr) PPYTIPTISETITITi TTT rrey Corr eescccsecleccvnesertOBecrarsaeoreseanens W. C. Nath. 


e— ITT ETI IIT Ly Tererrey) 
¢ train cosvese Secevacdebolcantebesseccebeleceteseceneners ‘ecccccneccacees(eesecnenasecotese Overeccsacceue Id. 


eo 
e 
| . 
Ptteeowgocsecevoedeeoscsouess Deoselscesseoneseons Sooo To FSSC SEHOSHHEEHSSAEHHSSH EEO SSHIECHESHTEHSHSCHR FORSCH SCOTHE HEE OES 
t 


seceenSOsenescenaaeseseneusecen J. MacDonald. 
wards. 


;.|Marly meteors in this|/W. H. Wood. 
locality. 


sesteccccaccedscsssecsorascoes W. H. Wood. 


In bright moovfight ...|Professor W. 
Thomson. 


Sky extremely (lear at/Paragraph in 
the place where the| ‘ Glasgow 
meteor appeared:| Herald,’ No- 
bright moonshine. vember 4. 


ecbadsbdecnccecisavdnecconesgceces Ceoneesconenr 


Full moonlight .........|R. P. Greg. 
head of thé Lytrx. 


16° or 18°..|Downwards towards ffie|During moonyht ....../H. Gair. 
ef from hori- 
zon 


CeleeeSOOgoceaesecenensyeeOensere R. P. Greg. 


ee ee 
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Place of . Position, er 
Date.| Hour. Observation. Apparent Size. Colour. AlBtude a 
mu 
1862.;h h m 
Nov. 9} 7 to 7 380 |Prestwitch,Man-|Not one shooting-|...........cccoves wees 
chester. star. 
From altitude 1¢* 


p.™. e 
9|9 3 pm. Weston - super -> Mars .........2..jSilvery White../14 second ... 
are. 


S.; to altted 
2°, S° Wa 
° g, 
9)10 41 p.m.iGreenwich ...... =2nd mag.e ......{Blue  ........-/Lessthan leec.|From directa 6 
a Pens 
N.; 
about 15° bess 
Polaris. _ 
10 7 to 7 30 Prestwitch(Man- Two shooting-stars eeenn COSHH S HOES HO] DDO OOEEPEECR COOLS Fell down ia 5.¥. 
p.m. chester). 
ll 7 10 p.m. Hawkhurst C4oees =I1st mag. eepese Very bright Very slow m From a Une Ms 
white tion. joris to « Us 
Majoris, 
tumed 1 
fect baif sd 
round > Ce 
Majoris. 
11] 8 45 to 9|Weston - super -iTwo or three shoot-|Blne .........|..... sssecvececees From Min § 
p.m. Mare. ing-stars; =3 wards Me 
mag. and from ¢ | 
calig vert 
down. 
ll 9 10 p.m. Greenwich evecee = 3rd mag. ececce Blue eepeccces l second ecense From roger 
to o Uns & 
joris 
Il 9 28 p.m. Ibid CHesenoeneseros = Srd mag.* eeocecs Blue eeseesece 1 second sevece From Cephes ® 
Dracoa. 
1] 10 30 to ll Prestwitch(Man- No shooting-stars eovccenesonersnece secececsececccsese oe seene eases” net 
p-m. chester). seen, 
12) 6 5 p.m.jAccrington(Lan-|=2nd mag. ...... Faint white ...'Rather slow...|Fell from Pep 
cashire). . 
12| 7 46 p.m.|Weston - super -/=to « Lyre ....../Blne  ......-../2$ seconds .../from Mux ¥ 
Mare. Hereulis. 
12) 8 45 p.m.|Accrington(Lan-|/=3rd mag.# ......|Bright white../Rapid; instan-|About 10 us 
cashire). ; tancous. Castor. x 
12 9-10 p.m. Prestwi (Man- Four shooting-stars 020 dOCOOHOCHSHECOOl a CE REEDED ES eonesos Two st the , 
chester). horizos, aa 
Draco. 
others §* 
ward, - 
e Casnopes 
Pleiades. 
13 Until 9 p.m. Weston bad super - No shooting-stars, Soe OHSS OSE REECE Sescocgoogeseroace wccncoeceseoertt’ “ 
Mare. visible. 
16] 6 28 p.m.|Accrington(Lan-|= Mars ......0«....| Yellow, some-|2 or 3 seconds; From Aud 
cashire). what dull. tolerably under of 
quick. towards 
ades, 
it Pad 
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Direction ; noting also 

Length of | whether Horizontal, 
Path. Perpendicular, or 

Inclined. 


Remarks. 


Sky very favourable ;|R. P. Greg. 
moon rising. 


POPEHSOHSC CH SSSOOCeESaLEeeRaCS Fine clear night, moon W. C. Nash. 
shining brightly. 


‘Appeared within one|Long paths.|Directed § apparently|Favourable sky ........./R. 
miggte of each other; from Mars. 


Course like a fish-hook. 


Steady light, at last fading]....ccccccecces 
: to nothing 


PREPOSO SESH SSSSESESSSHSSHESHOSTOSCSCESESESSESSOS 


Almost vertically, but 
inclining westwards. 


two near the horizon sevsccoccees eo [NO radiant point dis-|-ccrccscscsccsecsreeres os veccee 
iki - cernible. 


prorvscovcecnge Oo vpenrecrenecccssccalccsnvesococeses PO eeOS oes ecereencneseesencese 


Grew staaller, as if born IITTITITILITT ITT Tit T ity 
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Place of 


Position, or 
Date,} Hour. Observation. Apparent Size. Colour. Duration. Altitude and 
Azimuth. 
1862.|h m 
Nov.16/10 40 p.m.|Hampstead(Lon-|Bright meteor, like/Nucleug white,|..... eeesceeesece Appeared 20° 
don). a globe. track green- below, and a 
igh, little west 
Mars. 
16)10 48 p.m.|/Weston - super -iTwice as as|Bright yellow.14 seoond; (From 4° S.B. « 
Mare. Venus; light = very rapid. Mars. 
half moon. 
22} 9 2 p.m.|Ibid ..........0..../Resembled Mars ...,Resembled 1} second ...|From ¢ Pisciumt 
Mars. r Ceti. Passe 
within 3° (W 
ars. 
23) 7 8 p.m. [Did ..csesscosnese.[ 1 WOSHOOtINg-Stars,| BUC  ...cccceslecssecssonceeess-| Dasappeared Béd 
ist and 2nd mag. Mare. 
23} 8 30 p.m./[bid ..,......00-...| Quarter moan's dia-|Deap orange...\3° or 4° in 1j|Appeared 3° ove 
meter. sec.; very) o Eridani. Hid 
slow, den from viet 
after falling 4 
or 5°. 
26] 6 40 p.m.|Leeds ............| Bright Meteor ....,.|-+-seresereeserees More slowly|............-..seceeen 
than, any, In Ursa Major. 
. shoating- 
star. o” 
e °- e ° 
. on bd ° 
26| 6 48 p.m.|Peebles .........|Double the size ofl...... svcceepes ...|\Very rapid ...|Appeared in NW 
P the largest planet. ‘ re Deed with grea 
| velacity across 
heavens to S.E. 
26 bout/ p.m. Selkirk (Rox- Light like the moon COOP OP PP aco neeestigndoevonepaeeer Ban Passed overhead t 
burghshire). altitude 42°, 36 
W. from S. 
26) 7 45 p.m./Melbourne (S.|/Fully ag large, es|Pale, but in-|....... sepeasesens Passed near thi 
Australia). the moon. Light] tensely bright zenith. 
uite eclipsed) hua. 
the moonlight. 
27| 4 55 p.m.|Strasbourg ......|Greag fireball ......|...s.sscsesscssess[occsssscepsrecesse|ecsonssaesnenensertsr® 
27| 5 40 p.m.|Millwall, N.bank/Appeared to be asiGreen, yellow,]|.........,........|Appeared near th 
of the River large, as, the full} blue, alter- zenith, and 
Thames, oppo-|_ moon. nately. moved oa 3 
site Greenwich inelined path f 
Hospital. wards S. horiz0D 
27| 5 43 pm.iTorquay ......... Apparent size ofColour of full/2 seconds....../Began snd ended 
full moon. moon. KE. of Mars. 
Lower thal 
Mars. 
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Direction ; noting also 


Appearance; Train, if any,| Length of | whether Horizontal, Observer. 
and its Duration. Path. Perpendicular, or 
Inclined. 
left a streak for a short/15° or 20°..| Downwards to the right,|...... assoeceeseofd» Potter; H. T. 
, time. 30° from horizontal. | . Humphreys 
Pear-ahaped and tailed.|............... Parallel to the ecliptic, Sky and sea calm ....../W. H. Wood. 
Burst with a sho westwards. 
of lst magnitude yellov 
stars which fell verti 
eally. 
Light intermittent .........|....... avccescs[ectocenses secceceeeeeeeseess . Id. 
ssetsecenseeseesevencoescaccee woclecassecece eves Radiated from 9 Cassio- Id. 
Several until 108 p-m., in 4° or 5° eee Fell nearly vertical ...... Coceneeeneedeesccesesssceneves Id. 
same place and direc 
tion, the last a lst mag 
nitude star, blue. . 
Like ball of a Roman coetes SCORS SHED] CEHHHSC HHO HTHES HHS aEESEeERESES]|PHSOSCESCSTHOSORESHUARSOEATHESSARS John Marshall. 
candle. Disappeared in Another account. 


a bank of clouds which 
ree up within five 
minutes, 

i 


Dominated the whole C000 PDeedeOS cel occeedoenedesEdoncece DEsKCCCES 
country with extraordi- 
nary . 


Exploded at the end of ite PORO KO SHSSESEHeclOSsegSHHeseeSSSaseevsessesessecas 
course with a very bright lowed the appearance 
light. in about one minate. 

Nearly round, rather elon-|45° .........|In @ southerly direction|At right angles to the\(Owen’s Adver- 
gated. Finally disap ume course of such]  tiser. 

‘sitants. 


In 4 minutes rumblingjPeebles ‘ Adver. 
concussions were) tiser’ (R. 
heard for 90 seconds..| Chambers). 


A prolonged report fol-iG. Lewis. 


cload. 
‘A train of pele-coloured peccvcceseccess N.W. to S.E. occteccceses COO OSes rr ecesesneseneseeeerore Cosmos, Paris, 
. light remained for some December 5th. 
seconds. 


jfelow sparks thrown off]............../In a S. by W. direction.|The meteor fell behind|J, R. Nash. 

' throoghoat the whole St. Alphege church, 
5 0 ah 

| course; a train also Greenwich, exhibiting 

| seen after meteor’s dis- that building in bold 

' &ppearagee for half relief from surround- 


| minute. ing objects; then 
suddenly disappeared, 
| leaving all objects 
At fret mistaken for th 28 ° mTITTTITiy E. to W., sensilly hori- eacees W. Pengelly. 
moon; circular; then| zontal. 
rm, and exploded, 
shooting out behind it a 


brilliant crimson flame, 
like freworks. 
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Position, or 


Date.| Hour. | gi iscecf | Apparent Size. | Colour. | Duration. Altitude and 
1862.|hm s 
Nov.27| 5 45 p.m.|Deal...... From near Mars 


at altitude 20 
above the hor 
zon. 


27| 5 45 p.m./Sunderland Brighter than |White ........./3 seconds......|From altitude 9' 
(Durham). Venus. 38° E. from S.t 
. ° altitude3°, 5°V 

from S. 
27| 5 45 p.m.|Springfield (Es-|.........cccscccssscoree|sorsevecevacecesselereoes vecccceceee- (Passed some dil 
sex). tance below th 
moon into a Jon 
dark cloud to th 

. right of it. 

27 5 45 p-m. Hastings veerecces At the end, behind Cee Odeoevooccsoerec While & per- From about alti 
houses, the light son might! tude 60°to abou 
increased very walk ten| altitude 35°. 
brightly. paces. . 

27| 5 45 p.m.|Saltford (Bath)..|Half diameter of]...-......00+...|Barely 3 secs... From altitude 114° 
moon. S.E., to altitad 

10°, 174° E. from 
Ss. 
27| 5 45 p.m.|Broxbourne......|Magnificent meteor|Red,then blue,/6 or 8 seconds|It appeared to be 
then red. about a mile of, 
and 400 or 600 
yards high. 


Colour of me-|Not more than|Appeared at R.A. 
teor white, 4 orSeecs.;; 23%, S. Decl. 7 
butrefiected| motionslow.| and disap 


27|Appeared (Sandgate (near|Greatest width 0° 
5 47 5 | Dover). 13’; = greatest 


p-m. length 0° 26’. 
Would certainly| light bluish. at R. A. 20° 40", 
have appeared a S. Decl. about 
bright body on 25°. 
the surface of the 
- moon. - 
27\5 47 5 |Grantham ......|Width across the\Blue_.........|From Ceti to| View commenced 
p.m. head 31’; length endofcourse| near « Cétli 
Extinction. ‘longitudinally 1° 8 seconds. | passed — almost 
across f Celt 


17’ ; by compa- 


rison with the and then in- 


mediately above 
Fomalhaut, be. 
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Direction ; noting also 


‘Appearance; Train, if any, Length of | whether Horizontal, 
and its Daration. 7 Path. Perpendicular, or Remarks. Observer. 
Inclined. 

bie a globe of phos-|...............jSloped gently COWN t0-|.....c.ssscssessscecseseeeess-(G. Brown (Deal 
phorus driving a dark wards the W. Telegram). 
coloured h or bolt 
burning before it. Left a 

| golden thread behind it. 

Burst with a crackling 
appearance. 

Uh no permanent streak, se8enpeecsoece Almost horizontal, Cotohetesseeeas Seosssocessease Rev. G. Hiyffe. 
bat sperks only, upon slightly inclinin 

_ short train. wn . 

Two elongated, intensely fontes OOS eSecrecetarsecesasececooness ***°* eevee oneeneeoecsrose Writer in ‘The 
blue pear-aha raced Standard.’ 
closely side by side, 
preceded by a flat- 
tened orb of vivid red, 
one-eighth of the mag- 
nitude of the whole, 

icllowed by a stream o 
ight like that of a 
tered sparks like Aj.........c.s0. N.E. by N. to S.W. by S.]---s00-sssesecsconeeess-ceees-(James Rock, Jun. 

| pece of white-hot iron 

| hrought out of a smith’s 

‘someveseces Ceveeervecessaenousee|s scones eetetess Azimuths doubtfal ;sx Dut]: -ccccccvcccccncccesescceoses Francis Cotterell. 

altitudes correct, by 
house roofs, &c. 
nged from red to blue,|.....-sceres[....csssseeeees sececcosecceses|seeeeesecs ssoeseesoocsersees..| Writer in § Th 
and again to red, when Morning Star.’ 


te-shape, or like Prince 


Path perpendicular to/Although the moon (7|H. P. Finlayson. 
Rupert's drop. A train 


days old) was ex- 
tremely bright and 
clear, its light was 
lessened by the 
meteor. 


have passed halfway 
between Mars and the 
moon. 


The meteor gradually/E. J. Lowe. 
increased in size, but 
not uniformly, an oc- 


SOHHHKLSeHSS KH SrlsaveseSESSOHengsSeOStacsseners 


incomparison. A train 
of ruddy sparks, lasting 


2 or 3 seconds, followed 
the meteor. Large blue 
balls scattering yellowish 
balls, which burst into 
sparks, fell perpendicu- 
larly from the head. 


——ae 


that it discharged a 
shower of bails. It 
vanished at its maxi- 
mum brightness, not 
bursting, but as 
going behind some 
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Place of ; Fosition, or 
Date.} Hour. Observation. | APparent Size. Colour. Duration. Altitude and 


1862.;h m 

Nov.27| 5 48 p.m,.|Westminster, —{.....cs00 eisoessedeee. | Mamy colours..|Steady motion/Moved from ove 

London. Parliament 
Houses toward 
the W. below th 

moon. 

27| 5 49 p.m.|Euston Square|Diameter equalhalf/Very bright/.........01e......{Firet seen at R.A 
(London). diameter of moon,| green. 23" 40", S. Decl 
but ‘more brifliant 6° or 8°. Dis. 
-than the full appeared from 
moon. view at R. A. 
+e 30", S. Decl 
27| 5 50. p.m.|Kensal - green|Like the moon atjNucleus of &).........cecsses: From 2° or 3° S. 
(London). the time. light green of the Pleiades tc 
colour. about 15° or 20° 


S. of the moon. 


27; 5 50 p.m.|Clapham (near|Very large meteor..| Brilliant About 5 secs...|From 28° E. fro 
London) | colours. S, altitude 16° 
to 11° W. of S. 
altitade 17° or 
18°, 


27| 5 50 p.m.|Near Windsor ...{l.ight sufficient to|Rainbow eecccveccccnrccesslescccsceremecce eewcecces 
read by. colours, 

27| 5 50 p.m.|Liverpool_......|The light appeared'Bluish white,,Moved three/Altitade 8° from 
to fiash while} yellowatthe| and a half} S.B. by E. to S. 
the meteor was} edges, and) times  ite| by E. 


hidden behtind|: ‘at the} own length 
houses. extremity of] in a seeond. | 
the tail. 
27| 5 50 p.m./Etchingham As large as thei........ seecterecelessccesessoveseees/ UnGEMOCS th 
(Sussex). moon. moon. 
27| 5 50 p.m.|Hawkhurst Outshonethe moon;|Blue_........./3 seconds......|4Aquarii toZ Capri- 
(Kent). light sufficient to corni, 


read by. 
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Direction ; noting also 


Appearance; Train, if an whether Horizontal bserver 
aod its Duration. Perpendicular, or. Remarks. 0 ° 
inclin 


J green ; taal golden. DESOTO OCOR SES SETT oe er EERE REEHEEOCECODOPS RHODES li eeeecesee OROCOOREHSOreccesece a. R., writer ‘in 


i ‘ The Times.’ 
sconcoccocoeces|Nearly horizontal ...... A serene night and sky.|A.B.Clementson. 
° Moon seven days old. 
veleccsencccsseccccsassscscees ../48 the meteor shot for.\C. H. Bright. 


ward it increased and 
>) diminished alternately 
in size, especially just 
before disappearance. 
fell from it, which burst 
| into other balls. 


sconscoseroee- |AsCended somewhat. ...|Positions measured by|Communicated 
description thefollow-| by A. 8. Her- 


train of sparks. Disap- ing evening, schel. 
peared without bureting. 
rrr yyT Ty Cvenceveseeces Soe §9 OS OOS COA ES Sele reese eels s CeO RROOODSONSS OOOOS lo cee sreceeresceeSOSneeserseenner Writer in ‘ The 
eee eee Standard. 
with a ragged £40 ..\Inclined downwards 4°/Disappeased from sight|Hi P: Homer. 
appearance, moved or.5° from horizontal. behind buildings. 
ns the tail and 
sparks for an 
instant behind it. 
t Ma 
Followed by a train eocccsen O9SGooe E. to W., obliquely ROCHHOH OLAS ELELOSS ESS LOSE es E. Hussey. 
sparks. downwards. 
No streak remained, butl-:+-csscsseesee Downwards towards the/The light caused the|F. Young. 
sparks followed thin! right at a consider-; observer to tum 
in; beginnin® able sl d towards th 
ia a tain; beginning le slope. roan e 
tnd end hidden by moon. 


a 


236 REPORT— 1868. 


Apparent Size. Colour. Duration. 


Glare from behind|First red, j..... eeecececscees ‘Moon and bese: 
only perceived. | then blue. scured the sta 


27| 5 53 p.m.|Weston - super -|One-third diameter Silvery white..l4 to 5 seconds|From N.B.,. ail 
Mare. 


of moon. 10°to SE. 
altitade 104 
| 
| 
27 5 55 p.m. Mottingham, A ball as large BB}. neces COeoedeccccclacceeeeeeses anced teleccccccssesesss 
Chislehurst two fists; lighted 
(Kent). up the pathway. 
27| 5 55 p.m./Peckham Rye ...|Most beautiful|Beautifal blue|/Did not travell............-- 
meteor; large| tinge. at a v 
as an ordinary rapid rate. 
gas-lamp. 
27| 5 55 p.m.|Mile End Road,|Width of head one-|Bright yellow,|4 to 6 seconds|Abost 15° 
London. eighth diam shading to the her 
of moon. rose pink 
and rich 
violet. 
27| 5 55 p.m.\Chislehurst As large as fulliVery _ blue|Very slow mo-l...........--" 
(Kent). moon ; light suf-/ colour. tion; visible 
ficient to read by. 3 seconds, 
27|Between 5|/Lymington Ball of bright blue;|Blue, red, |...... secesesecses My eyes fe 
and 6 p.m. THasta) light like a Ro-| yellow. on the Pi 
man candle. just below 
issued 6 08 
light, Theo 
cast oS 
whes nesrmpt 
Needles. Ti 
when it #4 
the Neecs ' 
nished e*f 
derneath the? 
27\Between 5/Etchingham Splendid meteor ...|Nearly GVeTY]....cs.ccresescccatessssesersset! 
and 6p.m.| (Sussex). colour. 
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Direction ; noting also 


Length of | whether Horizontal, 
Path. Perpendicular, or Remarks. 
Inclined. 


csveveceeccoeee|Na Be tO S.We sssveccceee(Report like distant/Eudes Deslong- 


thunder heard in one; champs and 
to one and a M. Toussaint. 


minutes, at Caen, 


Le Moniteur de Calva- 
dos, and Le Moniteur 
Universel de Paris. 
t first small, gradually 30° of thel........ ee evcocccccccnceesecsn|teerserecescess sscccevcccees+-| We He Wood. 
incressed ; halted half.| path were 
way, with great shower; seen 
. Of sparks. InE., threw) thronghs 
: out a yellow tail 18°} cumulus 
{ long, green at junction) cloud. 


|G. M. G., writer 


a ree eee eee OOOo sole de secccreesses ASS ges eFegsesal StF OOSHESEEDEDEHESOSHOEESOSOS 


| in ‘The Times.’ 
a taal 1B its progress... COOOHSHSCOSSEHHIAESE HOKE EEOEHS EOE SEOSOSESHOSOSH|TEOCHSESCOSS HTS ESEETOEOREES ATES: H Seabrooke. 

ea riding whip, moving]..........0....,|E-N.B. to W.S.W., €X-|.....ccccssecssoccsccsccsosss-|Writer in * The 
butt-end first. Burst actly parallel to the| Standard.’ 
with a flash like light- _ horizon. |. 
ning. 

ri ppeared to divide, and eveesesesecse ..|Descended at a slight eveces SOGCOCHOK LEH eS OEOHOSRSREE® C. J. C., writer 
then to burst with a declivity. in ‘The Times.’ 
sarprising and brilliant 
effect. 


Threw off sparks in curlsj............-..| Horizontal till the last/It forced its way alongiA. P. Falconer. 
above and below, behind moment, when it) as if impeded. 
it, like the scales from turned upwards to- 


- ananvil. Crimson-red wards the moon. 


was small when first oaveenesneaneces E. to W. OCOD oe eeeeOhoneceslensssesccceeece Perv I rxyi tii ire) F. Reeves. 
came large. It seemed 
to halt midway, and a 
splendid shower 

sparks came forth 
nearly every colour. 


288 . nEPoRT~—18638, 


Place of , , Position, o 
Date.j Hour. Observation. | Apparent Size. Colour. Duration. Alstode ean 
1862.| h m 
Now.37 foe p be- Havre (France).. Great fireball SooveclecvocensetesoEverss With astonish. Passed ow 
ing mapidity.| tows. 
27| 6 O p.m.jNewport, Tale Off.c...s...cesccsssceseces Blue  ..+..+00-{ Moderate Passed under 
Wight. speed. moon, more 
to the moos 
to the hen 
27| 6 O p.m./Wrotham (Maid-j|About equal to the/Light white,]........ Voceceenes Paseed under 
stone). moon; light not] like moon moun. 
quite so bright. | light. 
27/6 0 pamBridport Rather longer than|...cce..-sescsses-fesesee sessceesead NB, to 
(Dorset). moon’s diameter; greatest bi 
twice as long as about 20°. 
27| 6 O p.m./English Bicknor,|..............sscccsesoe|Lmtemse Dlme...],...ssccccceeccoeef Phe height 
crest of Dean er boris . 
(Gloucester. 
shire). ; about 60". 
27 6 0 p-m. Sutton Court, senvece Ccuseces PTT TITTLE ILEL ITI ITI itiirer yyy) PYYTYTEPIT it) rey Ty tenes “| 
Abingdon. 
27|@ 0 p.am.\Cambridge Ob-\Overpowered the|Deep blue ...|Slowly pur-|Passed # ! 
servatory. light of the moon sued its} 112°. P.! 
with intermittent course. altiradelf 
flashes. S.B. oS 


276 0 p.m|Honiton, nearLarger than full|Intensely blue| Very slow mo-|Judging ts 


Exeter. moon, tion, 10 secs. ie ee 
at least. tude 7} 
™ 35° free 5 
of S.t0 9° 
27; 6 8 p.m.j/Pendock (Wor-|Half size of fuall/Intemse blue...'3 or 4 second: Appears 
cestershire). moon. 
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Direction ; noting a 
‘Appearance ; Traiu, ifany,) Length of | whether Horizon 
and its Duration. Path. Perpendicular, or 
D 


a laminous HrACK!. cccccccsenees N..to. 8. Ocerocsogoactdeses 


289 
Remarks. Observer. 


Seen also at Belbec,((Cosmos, Paris, 


it. Ivetol, and Rouen. | Dec. 5th). 
yyw ce like a Roman soenescececoese E. to W.3 atraight and|The moon shone James Rock, Jun. 
candle ; ; a cylinder ter level course. brightly. 
| oc twelve diameters in 
length of uniform 
htness; not pear- 
shaped or kite-shaped. 
No other tail. 
when first seen,|........0...../Moved downwards to-|.......... sececceccees socsces.(de OC. Kent. 
wards W.S.W., at an 
angle inclined 6° to 
> 4) the horisomtal. 
Disappeared as a shoot- 
ing-star might do 
party not quite’ sud- 
Je 
Ore vete®ene SeReeeseseneaoegueté evecesoageseses Rose in N.E., movec $000 CSOCCEORSHTHSEEORLEEHEE OSE Al les Walke 
horizontally, and dis- 
appeared in S.E. 
or two solitary eescnce Chreererlasescvreacesoances Coe eoenocenesnn le SSS SORORaHSEEEsenosoeeseteaee J. Burdor, 
sparks, at firat increased 
to a stream uatil the 
meteor was formed. 
The meteor increased 
in glory and volume 
until is vanished. 


sadden disappearance|.. 
al Hard remarkable, 
apparently 
no obstacle to hide it. 
The flashes resembled 
sum mer ligbtnin 
Teaching nearly to the 
zenith. Dis 
sparks on all sides; 
left no streak ; went or 
suddenly, 

-Riog of red and blu 
light with teil appended: 
2nd account). 

Wecvsencceeae COBO qOeroceeHersOOSlavccce segneeses Almost 


somewhat depressed. 


...(rhe same remark made|J. Kent, 


at Hazely Heath, 
Hants, by Mr. J. 
Seeley. 


Ring of red and blue|H. Todd. 


light with a tail ap- 
pended (second ac- 
count). 


yellow halo and longj....... eo vecceslesceees seneececes devcceccense No report was heard .../W. S. Symonds. 


tal. Nume- 
| Tous sparks scattered 
when it burst. 


240 REPORT— 1868. 


H Place of Positen of 
our. Observation. | APparent Size. Colour. Duration. Altitc 
1862.|h m 
Nov.27] 6 30 p.m./Windsor .........|Cast BhAdOWS).....-crccccsevereferssccccecesserens 
through a window 
more strong than 
those of th 
27 |.ccseccecveees (County Width 2 at head half[Blue andgreen|Lasted only ajA 
OT Ticklow Ww). diameter of moon, few seconds.| due E, & 
tapering to ex- 
tremity of tail; 
four moon’s dia- SE. tad 
meters in length. tude af 5° af 


27 Pry TTI iittr Tunbridge eoceare One-third ‘ i tat Gd Joooceseeceeeepeces Comparatively Ai 


of moon. slow. 
27) 8 48 p.m.|Greenwich Park..| = lst mag.¥ ...... Blue ......+0./1 second .. 
Dec. 3} 7 80 p.m.|Lymington ......|As large as thej...... cecssesceneel Very rapid ; 
moon when full 10 or 12 secs. 
19|About7p.m./ Weston - super -|Large bolide ......;Blue —....ces-.Jeeee sececneceees 
Mare. 
10&11| 6-64 p.m./Prestwitch(Man-|10 or 12 meteors=}.......ccseccscesefescecee sevcsercece 
8-9 p.m.|_ chester). lst mag.# 
103-12p.m. 
1210 15 p.m./Greenwich ...... me Let MAZ.H..0,.c0ccfeseees seccecseneee 1 second ...... 
12 10 20 p.m. Ibid SeHveneoneensanecs Small] SSSCOHOeo con geseslensSSSgogssSevcaes 2 seconds eeeonne 
12 10 30 p.m.|Ibid .........+0...;Abouttwice aslarge/Blue_...... ---[0°S second ... 
as Sirius. 
13/10 26 p.m.|[bid .....cccosces v/s iat mag.#, bril-/Blue  ......... I second ...... 
iant. 
15| 6 50 p.m.|Dordogne Puy-|Twice Venus ...... White .........|Moved slowly. 
charnaud 
(France). 
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Direction ; noting also 

Length of | whether Horizontal, 
Path. Perpendicular, or 

Inclined. 


‘Appearance; Train, if any, 


| and its Duration. 


Remarks. Observer. 


adeeb died LXTLILIT ITLL TI YL TT YT TTT Tre COCCeonesseeeesesereoseeoseeee Writer in” ‘ The 
Illustrated 
London News.’ 


eoeceuseresees Nearly horizontal OOdeveloccconaseveseaeseeseesvooeseror W. C. Nash. 


hain COSeOSc oe Tes TOS EECOSCOLE 


mninons les, and 
toma like that of 
tomet followed it. 


ibe baebhddd LITIIITITIIT ILI TITEL LLL TTT TTT) TT TTT TTT TTT TTT TTT Tiere A, P. Falconer. 


Dene eeeneneecncesesseccsccccess eeibebbbdhd OIITITIIITIT TTT Ti Ttt) TLL Thi rtitirit ttt r Communicated 


Radiant int perfectly RIUICrisririiriiiiti tir t R. P. Greg. 
marked between Au- 
riga and Gemini. 


5° or 6° OOP occ ceeccesereeec nes eeeseoeeseels oe seeecneesceeusenenegeeetess J. MacDonald. 


10° 


Oe Peceecneseeceseoeeiceoeaneee bbdd ddd IIIT ITT Titi Titi it) STHCHSSSCHSTE HOES OHSCEOSSOOLESCE Id, 


40° eeervesece Inclined COSTHHTOOSSEESH Hd eTeeHeowereeEEOREORSEsevEesegones Cc. Trapaud. 


seeoseve 0H OOOO OOF TOOK OCRSE HHO dETececeHPElESEOHCOCEEHEOESR HH OEHS W. C. Nash. 


S.E, to N.W.. ......0.0.+.|During a brilliant aurora Writer Je, 


1863, 


AA RB 


uuronr—1868. 


Position, of 


1862.) h m 


1) = 15 153 30 “ea y e Venus geoeece PYTTYLITTTC A ae loop eceges suseeveseort 


21| 4 22 fat csscoscoeese| Width quarter Gis-|......sssccsccres.|Wery slow mo-|From magni 
a raeter of moon. tion. Durs-| altitude 3° 
tion 30 secs.| true 8.¥. 


Jan. 2 9 20 te Edinburgh evecee = 2nd and 4th TITTr tit) COOe cvens [eccanceodosggaces i 
7 30 Pm. Wells Nearly os la Suresh acres 
3 Cocccccconcc SVCGELY BS SEER Beleccocs Coo eesncersecicccvecene eeeacerees 
- vor" os 
COOCRSCECOSOQCDS Hamburg, Stet- Large meteor SCOSSOKT COKE HOS ET OOH ESO ORS LeSSEORgeseasesars venous eee noeoer 
tin, Magde- 


burg, &c. 
7| 6 55 ane - geen >Mars or Venus...| Very red ......|..ccccccsccseccess 


24; 8 7 p.m.iGreenwich ...... = Sfrius .......00.0. Blue....s¢0000-+)0 SCCOBGS...... 
@7;\Thesun badiAuchterarder j|Large luminousBrilliant rose 

set 18 min. (Perth). body. colour, 

455 pm. 


27) 4 56 p.m./Plean (ar miles/Very brilliant me-j....c.cco.sccepseet 
‘| 8. of Stirting).| teor. 


Feb. 7A little after Edinburgh, five|Large meteor ......|/Intensely secesecegeereceee tA ppested 
6 p.m. to six miles W. white. ooend 
Came § 
Howe 
| Mils. 
the on 


7 6 30 pwn. Glencorse Rail. ld feet in diamete: The sparks red COSC Ra SEHEDEDSDE Appeared 
way Station 50 o 
(Perth). 
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Direction ; noting also 
; Train, if any, Length of | whether Horizontal, 


and its Duration. Perpendicular, or Observer. 
Inclined. 

A globe of white light,|. SOCCER EEO CECE sCOSHETE HOO HOEEHerseeeHanaessege wate gecoccccegeresarcdecdgonee Writer in 
similar to that seen at. ‘ Cosmos. 
\eener, ern shaped! About 50° W. La 

A lesser irregular-shapec ut 60°. ./%. to W, ......... cshoees .{W. Lawton. 

t body followed it; 

| and oa third © still 

| smaller, upon a long 

and brilliant train o 
fix shooting-stars .. Od AOOTSEP ene ageeeeone # PO OERO OD EDEL OTOCE RE EEEETER ES? J. C. Thomson. 
a brilliant meteor @ussevese COSROSEREGCEREaa|*SFEESSBa4 SCconateecarnescsveongean|* Oss eerosenesesed OCCOOF ore gEes Paragraph in 
‘ Bristgl Daily 
Post.’ 
eDeseeese C®acses PF SOOOSSTSHOSCHRHS CIF EHS CECH TOBE SIS SEOH CECE COOS a eee ogenceoadeloceceregoare ° evasduageds mmunieation 

f by Dr. O. 

Buchner 

| pLaft a alight tail and COCo er ongrerrcolres Catevoce oeeesnne Ccorsceseael® Cerderses A Le Pe | F Howlett. 

{ sparks, but no lu- 
minous track. Burst 
with ai fash, and 
vanished at maximum. 

hely pear-shape » With seeenaens e9eseoe corevgece| We Airy. 

\ slight tail, which did 

| not remain. 

Lescscsessestesesscesesgersece.«. 12° eaeeuatses i J. MacDonald. 

i 

eest off a portioni...... cccssceee{kt fell nearly perpendi- Bright twilight after alJames Hunter 
and” two cular, §.W. to N.B. fine day. A stone; (Proceedings o 


picked up; not mete-| the Roy. Phys. 
oric (J. A. Smith and} Boe. Edinb.). 
M, Thomson). 


Very brilliant for a t eogestocaggsaeos SConeeoseseaes@vesssonene eeseoo P, Mackenzie > 
seconds, then  de- communicated 
creased as it de- 


by R. P. Greg. 


mitted red sparks, not Cone oneeeatees N.W. to 8.K. At aiz|Seen also at Alyth an abargh Daily 


m a stream, but at ir miles W, of Edinburgh} Dublin, ora Sahel neni 
intervals 0 it appeared to fallaboat} ham (London 
about half a second. Ravelrigg Hill. 


& hlewn on-bladder. SEOHSEEOK OP COHOH I dgeecegacaneese oeeathGoncoae No higher than the David Pirrle ’ . 
Tail of 4 yards, and red | : , 
by Sir J. Rich- 


perks ff from it. 
Disappeared” ‘thot ardson. 


without 
any spperent cause in 
id-ei 
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Position, or 
Date.| Hour. Place of Apparent Size. Altitude and 
Observation. Azimuth. 


1863.| h m 
Feb. 7] 6 45 p.m, 


upon the sea, not) tensely whi extinguished b 
intense, like sh Arthur's Seat ¢ 
lightning. the peak of th 
Pentlands; : 
altitude abou 
5°, 164° W. « 
7| 6 30 p.m.jWindygates, (Glare of light on The meteor|The course wi 
Leven (Fife),| objects round. from Balcorriet 
60 yards from Haugh Spinnin 
Windygates on Mills; alt. 12°. 
the Leven - (From 133° 4i 
° to 41° 57’, Az 
muth W. from S. 
y | 6 30 p.m.|Farm of West. Remarkably bril COO CoRSEH COS LER Tee oe ccccccecsscecoce{Ah , altitad 
mains, Thirle- t. 124° over Wood 
(Bern a heads ; diss 
erwi ed, alti 
O°, bebind | 
hill a little W 
of Blainalie. 
From 70° 26’t 
39° 1’, Aximutl 
W. of S.) 
7;An _—hour|East side of Loch Larger than the}...cccccsseoseess. Two or three/The greatest beigh 
after sun-/ Fine (Argyll-| moon. was 18°, and i 
set. shire). descended behin 
a hill in th 
; neighbourhood. 
7| © 15 p.m.|IDId ...sccccc000...(812€ Of the moon :/Bluish colour..|........0000......|Greatest —altitadi 
light sufficient to 25°; disappeare 
pick up a pin. behind a neigh 
boaring hill. _ 
8-12} 9-12 p.m./Hawkhuret 2, 4, 4, 3, 2, 1, of/11 white, 2/7,5, 4 under|Ursa,Lynx, Gemia 
° Ist, 2nd, &c.| yellow,3red| 4% second,} Leo. 
mags. 
12 7 57 p.m.|[bid COLOR CEES O Kee mn 1ot MAG. #.cccccees R. A. 8°, N. Ded 
58° to R.A. 351’ 
N. Deel. 52°. 
12) 7 57 p.m.|Weston - super -| = lst mag.it..e...scefeeeess R. A. 141°, N.Ded 
Mare. 27° to RA. 156° 
; N. Decl. 21°. 
12-22 8-11 p-m. [bid aceeccessen eose 1, 3, 3, 0, 1 os tojl bluish white Cease ceseneeooses In all parts sose sees 
and 2 a.m. Venus, 1st mag. ,&c. 
18} 2 © a.m.|[bid ...............[o> Venus, very large|Bluish white...|....scccssssssese.(From 8° N. of | 
meteor. Leonis to f 
Urase Majors. 
13/10 16 p.m.|Prestwitch Very beautiful me-|White ......... 24 seconds ...|From R.A. 44°, N 
(Manchester).| teor,=to Venus. Decl. 66° e Re 
12°, N. } 
13{11 30 to |Abercromby Astonishing fireball|Body flame -|...........+++sse.Rose over the 5.end 
11 45 p.m.| Place (Edin- of Wemyss Pls, 
burgh). acroes Queen 
Gardens (S.W. ta 
N.B.), & 
over the houses of 
Abercromby Plate. 
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Direction; noting also 
‘Appearance ; Train, if any, 


Length of | whether Horizontal, 


Observer. 


and its Duration. Path. Perpendicular, or 
Inclined. 
seees seosceces-IN.W. to S.E., in a linel[n the blush of sunset |W. Wood. 

nearly horizontal, but} momentary view 

somewhat dipping} disappearance only. 

downward. 

eoeees Horizontal course ......jStill serene evening,|W. M. G. Miller. 
without a cloud. Po-| Measurements 


sitions from memory.| communicated 


straight line behind it. by Sir H. James. 


th brown-coloured tail Wasl........0:sss+sfecsssossssssssesccenesessseses Positions from memory|— Edgeby ; 
| ten at one and the sam communicated 
tme the whole length by S. Whitton 
that it travelled. and Alexand 
Buchan. 
Measurements 
communicated 
by Sir H. James. 


Volans, with tail cecoseaveecceccs Came from N.W., andlA fine evening after James Shaw ; 
yard or two long, but no to S.E.,| rainy day. communicated 
seen. by Dr. G. 
Rankin. 


...| Lhe flash like lightningj— Malholland ; 
was noticed in communicated 


teor iteelf. A fiery kite by Dr. Rankin. 
ordragonwitha long tail. 
iiteen shooting 7 stars. Ceoevse VSCeSCoosseeengses A. 8. Herschel. 
Three had a sparkling 
pearance, No tracks 
Sparkling appearance ; N0}.......c0sccersloosroossscssesscecsossscsssses[scceencesees Id 
tail; ruddy before dis- 
appearance. 
COnstececcue Geetecsegasssecegasege Ww. H. Wood. 
One left a train for a few (d. 
seconds; 8 shooting-stars 
lc a train for a few Id. 
seconds, by E. 
bplendid train, 2 seconds Sleeegeaseovegeses Vertically down inN.W., COCHODO SCHOO CHEERED SEEHDE EELS R. P. Greg. 


as if from Dubhe. 
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Place of 
Date.} Hour. Observation. | Apparent Size. Colour. 


1863.| h m 


Feb, 13/11 45 p.mJ8t. Andrew's he tail and body|Brilliant red...|About one mi-|Passed ovr @ 
(Fife). extended one de- centre d @ 
gree. tows. 

13 12 0 pm. Shipston - -(One-eighth sun’s Ruddy PTY TYTITT 5 or 6 er 
Stour (Wor- disc, almost ¢ (Cassiopeia) rt 
cester). zling. BID = nnn ee ee. 

wWoarison. 
13}.sccssereceseo[Basdale (WestiVery splendid me-............ seessssessseeseeteeseess Passed oven 
| Argylishire). teor. | 
13-15] 8-10 p.m./Hewkburst 9, 3, 1, of 3rd, 4th|10, 2, 1, white, 6, 3,3, 1, }eec.,|Gemini oid, 
(Kent). magnitude, &c. | yellow, red.| lsec., 2 secs. / 
, and>> 2 secs. r 
13-15{10 30 to |Prestwitch [fair number ff.scscssssscseoseee[-sseesseneeesnnseq im Ure, Of 
11 30 p.m.| (Manchester).| shooting - stars, Cepheus, 60 
mostly very small. 5 
14] 8 56 p.m. Hawkharst Nucleus = star of|White ........./1°5 sea, 4° ... RA i 
t). ° 
(Kent) 5th mag. © Deck 
14) 9 O p.m.lIbid ...........0-+)=2 2d mag.# ...... Yellow, red ...|2°4 seeonds ... ec a | 
N. Deel 1 

14 oeccrsedseosges Prestwiteh = 4th mag.# eens dtcotsseseedecoses 07 second oom A. ne, 

N. Dec. 

14 Cdersdoberetoes Ibid OOP OPO eR EC ORL on apheceneceenccecenscelesseoaseegedssocen|cvveseseboscaseces R. A. 144°. 

58° to R. ; 
N. Deel. 68 
15/A little after|Folkestone ......|Very brilliant me-/Of a whitel|Moved  very|A little % 
6 pm. teor. cojour. slowly. oS ei 
a a 
15} 6 37 p.m. Giessen Large MOLOOT rere. Bluish thite...|3—4 seconds Fell - 
(Germany) very slow W. im 
motions 10° 
15 8 57 p.m. London sence eves = 2nd mag. eecace Luminous PTYTTTTTI TTT TTT ELT) CL nee 
16| 8 54 p.m.|Hawkhurst nto B.A. 337° 
p-m. aw =] oH seevarces i . ' 
(Kent). $msg Tg? 


16{11 30 p.m.iTorquay ......... =3fd mag.# . 


16|11 35. p.m.|Ibid ond Bright straw|Rather rapid Pome?" 
. Cseceuses arecee| = x ebdend iw rap ; 
ms colour, 2 seconds. | naschté 


ed 10° fag 


16-22} 8-18 p.m.jHawkhurst = 3, 3, 4, 3; 9, of Isti11,2, 3, white,|7,3,4,1, ¢ sem, Cameny® 
(Kent). and 2nd mags., det yellow, red. | | sec., 2 see Awige 

and>>2 secs. ‘ 

17, 8 D prrmaddbad erarcccressccee) mm 4th, then Sndi White 1°6 sedomd 1a R.A. 7. 
mag. stan throughout. 36° oh 

N. Deel 

17 8 49 p.m. Thid obCCeeroonesete = ]} mag.* eescsnces White, then 1°5 second eee , All. 
red. 99° to RB. 


N. Ded. 
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Observer, 


ovecveeeoeseese Peseed over the PRREOL Cac cevseocenehedeccssedsnesececes ‘ St. Andrew’, 
of the town, taking a Gazette,’ Feb. 
N.B. direction. 1868. 


° eebhegaces Eastward, horizontal, Cece edcecccenenesessssoosseser James Gorle. 
below Cassiopeia. 


9006080 000OS0 FOCESHS FS SEES EEHSS HTS CO HS CEHOORESel sa aeceticseagddeeededssshecdnssaleSObeeveccces 00bdbbacteseccegenle ® White 
municated b 
A. Buchan. 


appeared 
veel eeoes ssopeeseo.{ Presented a good radiant On the L4th, 6 speareal P. Greg. 
point in Leo Minor. | in 30 minutes. 


Oseccece PocaceclsevenegeesgeSeseveseeesoescoace Good view, clear aky... A. Ss. Herschel. ' 


coeecesepeceens Almost bprizontal, N.W.|Rentarkable appearance |[d. 
to S.B, 


COSOECRCOPSEOHESS EOS ocenaene Oeveocecce eoaseeses ro J puecene seencecesesesedere R. P. Greg. 


0500000 8G 0 ce cee) e059 08ee 00 sn ees e8beOsheresbodelnggnegedhnsss6bost0heedds secgalse 


eeeves scoesee-.| Moved towards [V. of al.....0......cccssecessecseeves(Mrs. M&Leod. 
watchface held with 
XIL. vertical. 
35° enacteces Fell vertically &. to W.. No Getonation rY Iearyy y) Communicated 
by Dr. 0. 
Buchner. 
sevecccesee{d» Crumplen. 


..|A. S. Herschel. 


90BO OES OSOREOOOT GH 0 SECS Es COOKAEOOKCEDS CEST ABEFHASeEHeeesarers ooe 


ae One e third Horizontal, W. to E. eouleene eesscovores eonvece ecncetooce W. Pengelly. 
Be 
to Sirius. 


Betel Sensibly horizontal, sevececssonses soascscecscsece| he 
to Sirius. i S.E. to N 


, two were tailed; one 
__ left a track for 1 sec. 
for 2°; ® reap- OOSESDEOMSHH EaTSessoroerse SA ooessoeseeseacvescios CoBsetacaces Seoossecsane ebane Id. 


peared 2ad magnitude, 
leaving a track 6°, 


YT TTTY TTT TY) TTT Oh idl oe emeresouesesase Id. 


948 BEPORT—1863, 
Position, or 
Date.| Hour. Altitude and 
1863.;h m 
Feb. 20} 6 25 p.m.jGiessen (Ger. jLarge meteor ......|Train groenish).........0002.....(IM the 8B. ........ 
20:10 35 p.m./Hawkhurst =Ist mag.+« ......| White .........|2° 
W., altitude 20°. 
22)10 45 pin. Eccles, MEAL feccecscccccsscccccevesociesacscccessganecsslovsccdcesssecccens Fell due S., from 
about the altitude 
; of Canis Major. | 
Mar. 4) 6 36 p.m. Half diameter of/Yellow, then/3 to 4 seconds|Came nearly from 
moon. Like the} white, at the Pole, or from 
crown of a hat. | last red. the end of the 
Great Bear's tail. 
Passed behind a 
tree, alt. 9°, 41°N. 
of E., and went 
own to the 5. 
ho 
4| 6 36 p.m.|Prestwitch(Man-|Brilliant meteor ...|White, 
chester). red. 
4) 6 30 to {Accounts from|Equal to a 12-Ib.\Silvery white,|3 to 5 seconds|Appeared N. or %. 
6 45 p.m. 12 Coas rocket. Flash | then brigh 
Stations, Hast-| observed when! blue; fiery 
ings. the meteor was red before it and Dungenesi 
hidden by cliffs. | disappeared. Point; oronG. 2. 
buildings, as sees 
from Bexhill 
Station flagstaf 
Almost touched: 
the water before; 
it disappeared af 
burst. 
4; 6 30 p-m. Hereford eesgooses Meteor like arocket eeccccccdcscosesee| Descended Rather low in theB.! 
gradually. | It reached the 
horizon, or was 
lost in the mist. 
of the horizon. 
4| 6 32 p.m.jBredon (Tewkes-|Brilliant as thejIn colour likel.......00.+.cssees seevercanserennemet] 
bury). moon. the moon. 
4) 6 4 p.m./Bracondale(Nor-|Splendid meteor .../Brilliant blue,|5 or 6 seconds|Across the ay Xt! 
wich). changing to} at least. to S.E. 
red. 
4;6 1 p.m. London PPCCesceelesnccecs Pcoceoneurescoes Coveassetreccoccosisse oe SCCannsocers Near Cor Caroli “ 
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Direction ; noting also 
Length of | whether Horizontal, 
Path. Perpendicular, or 

Inclined. 


Appearance; Train, if any, 
and its Duration. 


Remarks. Observer, 


Downwards towards the/No detonation............ 
right ; 40° from hori- 
zontal. 

Ss. to N. 3 horizontal OPM ober recor sennesvroncaeneecees 


Communicated 
by Dr, O. 
Buchner. 

A. S. Herschel. 


CHS EOSCF CEC CHOC EeEHCCEDETEEHS T. Mackereth. 


J. Birch;  T. 
Humphrey; F. 
Reeves ; J. 


OOSHERO TO Ke REESOSEDEDEES 


It was descending 
a slope of 233° to the 
horizon when it disap- 


About W.N.W.toE.S.E., 
in a very low transit. 


t first globular; at last|.... 
left a rainbow-coloured 


Gough, RN. 


Descended gradually ... Communication 


by T.W. Webb. 


Mreperenceesseucoeveccovececeelsccccccesnnsons N. to S., in a slanting 
direction towards the 
earth. 


stars, 
eclipsed the moon. 
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Place of . Position, id 
Date.| Hour. Observation. | APparent Size. Colour. Duration. Alsitede 7 


1863.| h m 
Mar. 4 7 0 p-m.. Erbach (Oden- Very brilliant ToSodocoeeogroanne Slowly disap.|N.E. toN. Wale 
wald). meteor. peared. isappeared 2 
the borizes. 
4)About 7 30/Shoreham i |Conspieuous [Travelled at{Pamed over | 
p-m. colours were} great speed.| cing College. 
red, white, 
and bleae. 
#00 cObddeseeere Westphalia i OO Coreocnegeseeseteeeoeccstocs veceee| se the W. onnat 
7| 7 35 p.m.) Weston - euper ® .ccosf Dall red .0..../7 8008. 3 slow/M.A. 155°, 5.01 
Mare. motion. 82°to RA. 9 
N. Deel. &*. 
7-17] 7 30 to |Ibid.......... »-.--19, 0, 2, 8, 1, of let/7, 1, 2,5, blue,|7, 4,3, 1, <¢ alin all peru df 
11 30 p.m. yellow, red,| sec.,<< i sec., . 
misty. <2 secs., & 
=7 secs. 
“ 9 10-]] p.m. Hawkhurst No shooting-s eee O OKO e ce dosecenl concer er eeSSenoscosesseacressesceserne® 
above 4th mag. . 
10 10 30 p.m. Weston had super - Remarkable meteo enccece CCeecescssoclecceses eBovccer one In the N. hel 
Mare. 
11] 9 48 p.m.|Prestwitch(Man-|=to Sirius ......... White .........10°75 second .../R. Laer 
to 
S. Decl. 38*.! 
onwards. 
11 11 3 p.m. Ibid SCOTOoeeeleenon, ~™” O59 IGReP seccee Reddish whi ail secoud eoeece R. A. 161", 
Decl. 75° t 
346°, NO 
. 78°. 
11-17] 8 30 to {Ibid.......... -...|8, 8, 9, 8, 1, of 1et10 white; thejl12, 12,2, < glin Lyn. & 
12 O p.m. mag., 2nd mag.,| rest reddish] sec.,< 1 sec.,| Leo, Hyde 
&e. write, or, < 2 secs. Virgo. 
12] 8 38 p.m.|Hawkhurst White .........[1°2 sec.5 faet.jB. A. 1907.58 
24° oR LI 
N. Ded. #1! 
tarde 56° 0 
tade 20. 
121 8 53 pamIbid............... Me sesans White ..,......10°7 see. ; very\Centre 6 Cal 
ow. 
12 9 11 p.m. Ibid Code eererevcese =2nd mag.*, then White, then 1°5 second ... BR. A. 196", 
=4th mag.# red. 59° tok 
N. Dect 
18] 8 20 p.m.|Ibid ............00 Saffron......... 0°3 second ...iIn 
13/10 17 p.m.|Preatwitch(Man-|= Sirius ............ White ....... ..|2°3 seconds AM" . 
14° to 
N, Ded 
tude aber’ 
1810 27 p.m.jWeston - super Yellow ......o0e(3 seocomds,.,.../8 A 1 
to 
S. Deel # 
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Direction; noting also 

: Train, if Length of | whether Horizontal, 

and its Duration. any Poth Perpendicular, or Remarks. Observer. 
nclined. 


by Dr. 0. 
Buchner. 

‘Sussex Adver- 
tiser,’ Mar. 12, 


train Boccreneecccscere. Communicated 


by Dr. O. 
uchner, 
W. H. Wood. 


Mick ruddy tail 6° 60° ......... 
' long, curled off until 
' the nucleus was ex- 
hausted. 
hal freball, 2 conical-|5° to 60°...\One with snake -like\No radiant point dis- 


Id. 
| tailed , &e = course. tinguishable. 


~ a diese) nod track eucueces Cevoccess PSO SbacabesecectGOD eRe OOdlebonebecnceseceneses R. P. Greg. 


Id. 


e 
EFARI. cecaccccoes PIT errr rs crrvyiciriririii iii lilrrryyy 


brushy or misty, and/2° to 40°.,,|Radiant point not dis-|.....scccccssscsesersesssellde 
one left a track ; one cernible. Perhaps . 


left a long track radiant point in 


0 train oF spérks eenecssen Oe ° eBbocccce Vertieally, N. $0 Be svveoe OeOenseeccecence sb6OCCOSE0CCbe 8. Herschel. 


Spectral A cluster 4°/4° or 8° .,.jHorizontal, BE. to W. ...|\Good view ; clear aky...|Id. 


Wide. == 6th 
ie Total mam 


termination Fcc een c Oh ees c eel POCCC ree ebadegnecrcocecescccclttGoedagaccvesoneeesnaneesebes Id. 


No trais ; © .....,{From Led Minor ........./The only shooting-star|[d. 
train or sparks rT irerirey 8 e from 8-9 p.m. ; aky 
partly cloudy. 
Long tralia and LL PTYTIIYi  YYTTty Horizontal, S.S.W. to CoeSOheceeecasasesesesenecseoe R. P. Greg. 
sparks. NN. 


creased from 2ad mag- PTTTX TIT SS eh oraii yt} fine object CCK LESSEE e W. H. Wood. 
nitude star. Vanished a 

maximum brightness; 

narrow bright yellow tail 

of (°)sparks, red at juz ; 
tion with the nucleus. 
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Date.| Hour. one Apparent Size. Colour. Duration. Altitade ml 
1863.) h m 
Mar.15} 7 45 to |Hawkhurst No_shooting-starsj......... encescecsfocccese eeccsess weelsecsensecescssssssssens 
8 15 p.m. (Kent). above 5th mag. 
li 12 30 to Ibid OOCCODOREEETEOS = 4th and 5th mag. White aod Rapid rYyi si iry {n all parts ....... 
1 30 am. stars. yellow. 
17 | 12 a.m. Ibid eeeeocves boetoce ss Sirius Sovesesesves White eovessase 12 second eee R. A. 189°, S. Des 
9° to R.A 18 
S. Decl. 17,8 
8 58 Westo Ist BI th tae Oe 
17 .m.|Weston - super -|> et coeene ue, then jl} second ...|R. A. 87, 5%. 
P Mare. n mes white. ‘ 18° to RAR 
S. Decl. &. 
17)10 30 p.m.jHawkhurst me Ue sscccccsscecsceee| WDIEO ccoveses(0°7 second .../R. A. 171°, N. De 
(Kent). 62° toR LIK 
N. Decl. i, 
. overhead. 
17/11-12 p.m.|Prestwitch(Man-'No shooting-stars), .,........csscccclesseee esenserecese/oes - 
. chester). . seen. 
17-21} 8-11 p.m.|Hawkhurst =3rd to Sth mag./White and (Rapid .........jIn all parts 
(Kent). stars. saffron. 
18/11 9 p.m./London .........)=3rd mag.#, then/White, thenjl second ....../In R.A 200°% 
= lst mag.# blue. S3°4 
2) 8 4 p.m. Ibid eeveessetdesesess = 7th mag.* oaceee Ruddy @otessone 071 second eae Crossed the ofl 
of Orios. 


eqneaseseSeeeereggea 2 seconds...... ceacevcecsesresesttl 
a | 
® 


23| 8 29 p.m.|Wilmslow (Man-|Very brilliant 


SIiRivus 
od 


23/ 8 29 p.m./London ........./A¢ maximum equal/White, 


to Sirius. changed to 8° toR 
intense blue. 8. Ded. 1%". 
White (2). e000 2 SOCONAS. 000. R.A. 10°. 


23 8 30 p.m. Weston bad super «|= 4 (?) eeveaceosece 
Mare. 


+). 
° Ch). 3 
23] 8 30 p.m.|Hay, S. Wales...,About = 3 ......[Pale bluish/Rather a slow R. MI", 
green. motion. Decl. 10° # 
117°, § 
25°. Path 
reached » 4 
horises. 
23 8 30 p.m. Portsmouth ee Commencement Brilliant evecececesceseocce Passed 3° orf 
faint ; yellow, of the bd | 
full size and bril-; else Orica. 
liancy after with green 
its course periphery. 
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| 
and its Duration. 


po | 


Direction ; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 


Observer. 


N. to Ss. SeecesSOSonseosens 


Seen in telescope ; aper-|Id. 
ture 15 in.; field 0° 
84’. 

No meteor ever seen tojA. Greg. 

go so near to the ho- 

rizon. 


‘About 30° from hori- 
zontal course. 


Almost vertically down s].....c0.cccceses co ceesecaceces : 
a little left to right. 


Seen throngh mist ;|W. H. Wood. 
misty and cloudy. 


Observed through trees.|T. W. Webb. 


Downwards towards the)..... wessosesecesees- (COMMUNI cated 
right; 10° or 12° from by J. P. Mac- 
vertical. lear, R.N. 


ceeeseeeseseose 
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Place Position, or 
Date.| Hour. one Apparent Size, Colour. Duration. Altitude and 


1863.;h m 8 
Mar.23/ 8 30 p.m. Orin Isle c {Very large meteor ; White covevccee{uasted but aiFell a very lit 


gave more light short time. | Way cast 
than the young Sirius; vanish 
moon. euddenly, 8° | 
low Sirius, a 
oa above t 
rizon. 
24/10 19 p.m.|/Weston - super -|=1gt mag.#.....,...|Red and white/¥ second ....s. BA: 188°, N. De 
Mare. ° to RAM 
:. Decl, 16°. 
2512 O p.m./Hawkhurat = 4, then 5x %,|White, then|3°3 seoonds.../From } (4) Ur 
(Kent). then=2ndmag.#; blue, then Majoris 
red. Ure Minor 
ead, poi 
Beale 
Camelopi 
dali A Urse } 
poris appeared 
be the mete 
become statit 
ary. 
APT. |..ssssososeoes-| Weston - Buper -/Many very bright...|...cccsssscesssee. seeese svevesseeys | RRGinted from C 
1-30 Mare. pheas, Cassi 
pela, aad Drac 
12/10 14 p.m.|/Hawkharst Brighter than Ca-\Yellow, then/1°9 second +o{From + (aUree 
(Kent). pella. orange, joris,» 
1° §. of 3 Asi 
oom Altitude 4( 
N.W. 
12/10 55 p.m.|[bid ....0..........| = 2 Mage ......... Yellow ...,.....{0°8 seopnd ...|From ¢ (P Q) ¢ 
melo 
K Camelopards 
13} 8 15 p.m.|Sheffield .........|The brightest | |White, at last/Lasted 20secs.|Fell down in ¢ 
meteor over seen.| red, 60°. NE. on Be 
Great 
13/10 55 p.m./Hawkhurst =3rd mag.# ...... Orange..,.,..«.-|1°2 second o.. From mC 
(Kent). 2° avn 1Q 
1G6}10 15 p.m.|[bid ...ecce0e..e00.|= 3rd Mage... White ...s.....(0° second ...(From 4 (P N) ¢ 
tar BAC 28 
16/10 43 p.m.|[bid ......00¢...... =3rd mag.« ......|White .........10°3 second ... From BC 
pardali $ to 
a Persel. 
16/10 45 p.m [Ibid .............4. = 3rd mag.# ...... Yellow, ¢hen|1°8 second .,.\From 4 (0 
orange. @ Gemini) 
. vank aA 
1611 5 p.mlIbid ............... =to Jupiter ...... White ......... 0°5 second ...|From $ (7 *) 
; culis to f 
tis. 
17)10 36 p.m.jIbid ......... coosss| OP MARZ cocccsces White .........|0°8 second ...le Brose Minot | 
T. Cephei. 
18; 9 26 30 (Euston Square,|Not quite so brightiOf a ruddy....... cseeeeeee + EFOM 0? unde 6 
p.m. London. as Saturn. tinge. Caroli to ™ 
Saturn in 
line joining d 
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Direction ; noting also 

hangin of | whether Horizontal, 

Perpendicular, or 
Inclined. 


Observer. 


clear sky; good view. 


W. H. Weod. 


. Vertical CAOHESCOHERS CO EPOST ee cegpsccsacsoasoresenngergeaee 


Full moon; clear sky.|A. 8. Herechel. 


SoSoCeHE FE CREReREeeLereheoeneasr 


..|We H. Wood, 


train of oe Gleee ace oe COCK TEEOHEDEIA Oe COGS oor erSOSapesgsaonucetes 


No train og sparks; 
in the middle, 


\ 
through ong clone” = 


le train ag operks OC ceSGonelSeRPeeoegnccreos scasausescsapsesttcoeseeeasess 

laveloped oerane nebulous POS RSODHHHSOHSSISHESHOSHHLOHSHPESFOHOSSCH SEHOtaEs 

Left a long tail, which 
second. 


endured 0-5 
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Place of 


Hour. Observation. | APparent Size. Colour. 


Date. 


1863.| hm 38 
Apr. 18}10 29 p.m./Hawkhurs€ $[(=3rd mag.# ......|/White .0....0.. 
(Kent). 


18/10 59 p.m.|[bid .........s0...,=1¢ mag.#, then|White, yellow, 
2} MAB. .ocrereee orange. 


18 ll 0 p-m. Ibid eeceveccnecosee = 3rd mag.# eaves Yellow wecces 


19 10 35 p.m. Ibid eOOocorsenesese == Srd mag.+ eecese Yellow, then 15 second eee 


Hawkhurst 


20/11-12 p.m.jCastle New, 
Strathdon. 
.|Prestwitch(Man 
chester). 
22)10 12 30 |Hawkhurst 
(Kent). 


22110 58 30 [London nese. 


22/11 O p.m./Hawkhurat 
(Kent). 


No shooting-stars}...coccsscsccseees 
visible. 
22 ll 11 p-m. Ibid eceeaeeseonebee on 2} mag.+ eeonagecage White @esseseege 


22)11-12 p-m. London Seteocses 


22/11 12 p.m.|/Hawkhurst 
(Kent). 


= Srd mag. CSanecpvossesongceevenres 
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Diréction ; noting also 
Appearance; Train, ifany,| Length of | whether Horizontal, 
aod its Duration. Path. Perpendicular, or 
Inclined. 


Remarks. Observer. 


‘Srghtest at middle of its UCIT SSL IRSePererirriririlirrerrir yy) so for ve Na Nanesneerneenge 
A rath, No train or -_ 
sparks. 


y or - 4 Ms 
é 


| ian 


: ightestat first, becoming COR CORO REO H ere nae aeeOEEOOerecnesneeeersevers 0 olevest ® Py 
1 Smalleratlast and ruddy. a cae 
~ %.. L. a eG 


@ path had 2 double 10° eedcceses Directed from « Cephei. POTTTITTTL TTT eTTTTr TTT Tie 
flexure at the middle. 


indled, white, after cee6OPoaeneasee SOCCER PC CHCAEEP Heese eTESROResOee 
extinction, for last 
fourth part of course, 
which was bent up- 
Wards. 
“ft a bright yellow streak CCR e esac eeesoslenaresrseeeboonaseenedesesrnace 
i for 05 second. 


FOS e eee HO SOSS SEEK SEOR SHEETS SHOSOES ogee ec ceGSSORsenscarccessesennse 


Fine meteor; rose di-|Id. 
rectly upwards. 


CRMC OC eee eeeesnese esesoesesvacs H. Davis. 


Very low in the N.W....|A. S. Herschel. 


ghtest at middle of the/8° or 10°...!Directed from Polaris... 
ath. No sparks or 


train. 
a of 10°, fading ID]. cesceseccecees oveceteeeeetsanetcccacecseevess|** T. Crumplen. 
_lsecond. Did not 
_ippear to explode, 
an faded very sud- 
enly, 
sssttascatesasoasensadecnaceea|teeoesacessseee/Directed from Corona...|Falling stars very plenti-|Alex. Walker. 
ful this night. ; 
Five shooting-stars seen|R. P. Greg. 
during the month. 
J.P. W. Herschel. 


"OOM ederecccces es oeeeeeegesen| C8Haseseesesons Radiant in Corona eecoee 


vttssussecsensae soctevecccccecs|seecccseeescees| MOVed upwards, rising. 


9 train or sparks OCI Pouce rere everrrrrvirririiritiiiie i ad A. S. Herschel. 


eetesepresesesenensseseesasens Id. 


No train or sparks everesrsrics CAHOTe ee oe HOolCRESEHe nes OdEEHETeDEHHetareeer 


No meteor appeared!J.F.W. Herschel. 
from 102 12™ 30° p.m. 
to 115 p.m. 


f 
Cole pe tee cepnene OOOO SOO Se eHEH Goel ne geatSS ener eele end hetOSeeveagresanegenseeeen 


Lo 


ssseseeesteessesensacsnesceansasleparsecepeceper|seessssceseceasssscssssssesees/Pertectly clear sky; no|H. C. Macleod. 


Inly partially seen. Di-j..,........e00.|/Directed from Cor Ca- 


moon. 
Sky perfectly clear; no/A. S. Herschel. 
_Tectly overhead. roli. ° 


more meteors until 

125 10" p.m., when 

desisted. 

Not the smallest meteor|J.F. W. Ilerschel. 
after this until 12° 17 

15° p.m., when de- 

sisted. Sky very 

clear. 
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Position, or 


Place of . : . 
Date. . Apparent Size. Colour. Daration. Altitude and 
Obeervation. PP Azimuth. 
1863.|h m 
May 4/11 30 p.m.|Brighton Marine|Completelyeclipsed|Variegated, A few seconds|The same altitu: 
Parade. the strong light) kaleidoscopic as the moon ta 
of the moon. colours. line. The bread 
of the hands he 


between the fa 
and the mete 
would cover t! 
distance betwe 
it and the moo 


5 About 10 Prestwitch CocrcceeesSsosasensenese SHEKSSHEOSHEHSSESSSSl even oeseaassaasgses From rs | Draconis 


p-m. Manchester). | & Can, Venat 
5!About 10 Ibid eeeveenarerse YS UPETELIOTILIS YY LEO PeE CSOT ea From T to YY Se 

p.m. !  pentis. 
QiAbout 10 |[bid.............ccc[eccsesssseees secsccsecse|cosnscccsccsoescslecccosccsceesesse From « to 2 Cyg 


and 6° beyond 


p.m. 
13/11 6 p.m./Hawkhurst =5th mag.« ......|White .........0°5 second ....On the line betwe: 
(Kent). 2 | rand p Hercul 


1311 9 p.m. |[bid .........c00...| = 3rd Mag. 0. |OFANZE ...... 1:2 second ...'Fromy Bootis j w 
! toy Ursx Major 


A3}11 27 p.m.[[bid ....ccccesesees = 2} mag.# ......... Yellow ......+-.|0°7 sec d jOnthe line betwe 
ootis an 


Urse Major 
centre halfwa 
13/11 45 p.m.|Ibid ........0...0+01==3rd mage ....../White .........|l second ...... { Lyre to 3 Crgn 


15]10 40 p.m. |[bid ....00...0.+000]==Srd MAg.®  osoeee/ WHIGE oos,.000./0°6 second .../From 4 (8,¢) Urs 
. Majoris toy Urs 

. Majoris. 
15/11 55 p.m.jIbid ...............|=3rd mag.« (-+)...|White, then)l1‘6 second ...|From « Bootis hal 
; yellow. way tor Virgini 
23) 9 10 p.m.|Greenwich ......;=1st mage ..,...|Blue .....,,..|1 second ...... Fell from a fe 


23| 9 20 p.m.|Ibid ...............(Small ....... coccescefessenccece seseess.d Seconds......|Fell from the zenil 

towards the W. 

23110 O p.m.|Ibid........... .--./=2pd mage ....../ White ........./9 seconds......\From altitude 5( 

due N. to altitud 
30° N.E. 

23/10 10 p.m.jIbid ............. (= 1st mage ...... Blue .........|2 seconds......|Fell from the zenif 

| towards the W. 

2310 30 p.m.|[bid .........cee0ee|== 3rd mag.# ......|Blue ........./1 second ....../From altitude 3 
W. to altitu 

15° W. 

23/10 45 p.m.|[bid .......05...../Small .......:00e-+-(Bluish white... second ....../Appeared in 
S.E., about 
above the 
rizon, and di 
peared ia the 
at a slightly 
elevation. 

24) 8 37 p.m./Esplanade, Size of the half,Yellowish (From first [1° 2’ W. from 

Southsea. moon when at its} white. appearance | altitude30°s 
greatest altitude. until burst-} the horizon ( 
ing 3 secs. | nearly). 


2410 33 p.m./Hawkharat = 3} MAg.# ...000.../ White .1e0000(0'S second .,./From a Dricot 
(Kent), - towards » U 


A CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS. 259 


Direction ; noting also 
ippearance ; Train, if any,, Length of | whether Horizontal, 
and its Duration. Path. Perpendicular, or 
Inclined. 


— - - —— ae 


Observer. 


A small spot of light withi......... 
rays rapidly revolving, 
' eecentrie, and kalei- 
_ doscopic. Dropped 
brilliant coloured balls 
of fire, and after one 
brilliant | coruscation, 
| suddenly faded. 


.-ove- [Perfectly stationary .. 


‘somesecccsse TITTVTTI STITT TLE Ty 3° or 4° sent coveaent SCeossesresed @deaesened eofeseaactseoeoesa 


Light once interrupted ; wee esesacees seclecscoccccssces eeonees eesceee waleccceccasscseces ev anccesece 

; bo tail or sparks. 

Vanished at maximum/6°%..........01... eeaeeeneccescccscsoess or re eo eceecesees wv asateseseees 
brightness. 


No tail or sparks we ncceverssenesfecmscsensscceseaees rere ae sesceescees eveeseens coteee 


brightest at last. 


*o tail k Sere secvcesest FU HsEeSsesHeeseing Seceeovevessencaseveosors eens 
oo | until 115 40" p.m. 


‘No train or sparks Pee werrrs (TICES IIPS Peers) ee 
PearstSeeececr ose see eee eeenerorse se POSS eee ne FOE ROS Perpendicular TERT UESTTET TS COR ee ee J. Mac))onald. 


eeoeeessteseaes seesoet 
eee Se a) Ceeeeoecsenseeretssetcsovnce COCHO EO reese eS OD anoHeHASPersenesseses|® Oersstvvese eros 


None ......... oeececencsesees 18° .osceee .. (Perpendicular .......0..00[eecsecseeesenes seesencesennces 


Soe essavctececes vevcecens ecfocceccccccecses| HOFIZONtAl ......sccceeeee]> 


It 
t 


The meteor was like the}...cocscsscsesfStAtIONALY .core.cscesese. 
| moon peeping through 

| a crevice of the 

| clouds. Pear-shaped ; 

other particulars ob- 

scured by clouds. ° ' 

\o tail or parks. ...ccecss0 10° ..eceecesfeseeee acetescencscocecons reese reeeecanconeneoaecers A. 8. Herschel. 
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Position, or 


Place of . : . 
Date.| Hour. Observation. Apparent Size. Colour. Duration. Altitude and 
1863.;h m 8 
May 24 10 41 p.m./Hawkharst =Srd mag.# ..+0.|White .....0...(0'S second ....0n a line fre 
(Kent). Z Draconis 
Mizar; cent 
halfway. 
24:11 10 prm.|[bid ..c..ceescceese =2§ mag. ...cer0e./ White ...,,.00.,1°2 second ...)From } (yu, ») tu 
Draconis. 
24/11 18 p.m.|Ibid ........0000...,;== 2nd mag.#, then!Yellow, then|3°2 secouds.../From R. A. 25 
3rd, 4th mag. orange. S. Decl. 5° 
R. A. 271°, 
Decl. — 6°. 
25/10 20 p.m.|Greenwich ......|=2nd mag. ......|.+. eeecoesenseeess 5 seconds......|Fell from a f 
* degrees belt 
Jupiter towar 
the horizon. 
26] 9 58 p.m. |Dbid ...........008. =Jupiter ...... ...|Body blue, tail/6 seconds....../From the zenit! 
red. moved slow 
for 20° towar 
the W. 
29/112 am.|Hawkburst =2nd mag.# ...... Saffron.........{1 second ......|Centre y Sagittz 
Kent 
Juue 1] 9 25 p.m. Ibid eee a ..|= 2nd mag.# ...... White .........,1°2 second ...7 “ir Hercalis to C 
VILL 8 pram [Ibid ...seccossceees| = 29 MAH os. ccccclecsssessssensesee-[1 SCCOMG oo... A to 4 (i y) Opt 
111 12 30 [Ibid ...........00..,= 20d mag.# ...,..]... seecceveescsees 1'3 second . _\Diaay peared 2° 
p.m. above the moor 
Vill 14 p.m./Mbid .......... veoee[ = OF MAZH o.0.0, Yellowish...,.,/1°2 second ...,Appeared near 


Scorpii. 

1/11 30 p.m. Weston - 7 super - -|Larger than Sirius..'Coloured red...!Motion very/From R. A. 2/0 
Mar slow, 4secs,; N. Decl. 22°! 
R. A. 224°, ? 


Decl. 5°. 
610 0 p.m./Blackheath ...... Four times as large Blue .........,14 second .../Fell from zeniil 
as Jupiter. almost perpe 
dicularly to 
horizon. 
8/10 42 p.m.| Hawkhurst Diminishing, 2nd,/Yellow, then \3‘5 seconds ...{From the bar) | 
(Kent). 3rd, 4th mag.*. | red. Sagitta, betwee 
B and ¢ Delphi 
to a line throu; 
A, # Aquilz. 
20/11 55 p.m./Weston - super -|=Ist mag.#,........[BlUG — seesoeses/f SECOND 1004. From R. A. 322 
Mare. N. Decl. 30° | 
R, A. 315°, ? 
Decl. 20°. 
July 11/11 18 p.m.|/Hawkhurst = to Altair, then/White, then 3-1 seconds.../8 Aquarii to 4 
(Kent). 3rd mag... yellow or _ | below # Aquarii 
orange. 
11 il 27 p.m. Ibid ... onece Sasvecce = to Altair ootere White eanscesens 1 3 second eee From 1° abore : 
vap ricorni 
below ¢ 
. Aquarii 
1} ll 35 pm. Ibid eopeurveccecens =3rd mag.# eeeoes White eecccecns 0°9 second eee From 4 (r v) Cyga 
. ° BL yre. 
11 i 39 p.m. Ibid eoeeseegeveeeene =S3rd mag.% Seeece White eeesencer 0-8 second eee Ap edat { (46 
egasi. 


=3rd mag.* ......(Yellowish......0°9 second .../y Aquile to 4 


1] ll 45 p-m. Ibid eeoeeregueceonse 
abore 7] Aqailsl 
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Direction ; noting also 
Length of | whether Horizontal, 
Path. Perpendicular, or 
Inclined. 


Appearance; Train, if any, 
and its Duration. 


No tail OF BPAFKS.cceccccces. SOOO eS cereenosleeouesenees 


Disappeared gradually. 
Orange tail of sparks 1° 
long, in last quarter o 
the flight. 

A slight traim ....cccccscscsslesceees eoeceaee 


J. MacDonald. 


4 wain of red sparks re- 
mained 2 seconds afte 
the meteor disappeared. 


Some sparks and a train 
remained 1 second. 
No train or sparks .....0...|. 


20° QHOHH SESE SHHH POKES OSOHSHHOKHOCOHSSH EK eone | SOCERE HE ECOReeeSHEdasenenseres 


Id. 


ccccserooceves-{ MOrizontals N,E. tol. A. S. Herschel. 
S.W. 


% train or sparks Coeeccessicccoveses Ooo er cveccereoneednerereoeeronaese opreeese oobecenane eeavesasousces Id. 


% train or sparks ......... Ee seve eoeoee| Downwards, right to 
| left, 20° from vertical. 
5° wcsvecescees Moved horizontally to- 
| wards the W. 
Curvilinear and irregular COCO OEES COOH oo narreserneseerereeseasenes |r reese Soeesvseccse CRO o eae eLe 
motion in last 8 or 10 
degrees. Faint tail. 


i sparks i eOResececore OCelesesecons Coeooensaaesoeessoeas Cloudy. Position &e. W. C. Nash. 
Peidish tp at disap: of meteor not exactly 
noted. 


No tail or sparks ; ruddy|.........sssscs[ecsscccsescesssocssescoesccees(SkY partly overcast ;|A, S. Herschel. 


and dull in Jast half o showery. 
its course, 


Peerosesceceses OOP HPST SHH TEHEE HOS OORSTEOEH AHS Del OSS DEOHESOOS PESO DEOHT EHS HSE RSLOORDEHUHEEH OL EOAOTH HOR SCHEHHLALE W. H. Wood. 


Short tail at last 3 TIO] ccccvcavegcccer{tPeesseovssesecncnscennetsteses Clear night ; no Moon... A. S. Herschel. 
track left. 


White phosphorescent tail] aeccccene pcecer Horizontal ebovenvee CO Oeeei Soe onset evccascoscceleseneese Id. 
| for 1 second. Very short 
slow course. 


e straight fast meteor. PHSEEEOOKSEescHolesesodvesTSROESESOHa ges stogeecseian SeHCHSSESSSeTaTSeseOSSHetane Id. 
White tail, 1 second. 


Tt tail for O°4 second ..'8°...ccs.e..e.| Directed from 8 Pegasi..|.cccccccssessssccccsscsesceees Id. 
ite starlike ; no tail Jeft 


| 


COSSHSOHSHOKCESelccenneneeeasaonses CHK SSSTHE HED TEOHRECESSS FOTEHHHHFEHHEHEHEO ASS Id. 
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Position, or 


Place of : 

Date. Observation. Apparent Size. Colour. Duration. Altitude and 

Azimuth. 
1863.| bh m ~ 
July 11)11 56 p.m. Heke White ......... 0-7 second ...j\Centre at } (« 
(Kent). Pegasi. 
12/11 15 p.m.|[bid...... eoevenees White ........./l°l second ... From } (y, : 
Cygni to 4 («, 
12/11 18 p.m. {Ibid ..........00002{= 2h MBQ# ...000...| White ...00..../0°7 second ...[In econtinuatic 
; of the li 


é, « Cephei, : 
from the la 


; star. 
White .........10°9 second ...|Appeared at 


Thid Cvveasesorverse =2nd mag. eanses 


: Vul 
12}11 50 p.m.|Ibid ...........000.,= # Lyre .........| Yellowish, 1-5 second ...|From 2° below 
then orange. Aquarii to | 


below » Aquan 


White .........|1'@ second ...|\Commenced nei 
« Pegasi. Th 
light was i 
terrupted at 
» Pegasi, an 
the _remainde 
of the  fligh 
deflected up- 


32)11 55 p.m.|[bid ......c0cccce0e) = 2% MAB ® 20... 


; wards. 
seaeeesesesenrs =3rd mag.« ......|White, .........(0°7 second ....To within 7 of | 
degrees of ¢ An 
. dromedz. 
Ibid .... ........ =2nd mag.# ......|White ...:...../1°1 second .../From « Lyrz ¢ 
4 (& 0) le 
culis. 
sence White ........./1'5 second .../From Polaris to 4 
. S., and preced.c; 
; « Draconis. | 
A3i11 17 p.m.jIbid .......... v-..{22nd mag., then|White, then 2:2 seconds ...|From $ (4,5) Boot 
= 4th mag.«. yellow. to ¥ (y Ls 
Majoris, @ Ca 
Venat.). 
seveee White ........./0°8 second ...j6 Draconis to 8 


3 as B Tpsee Majoris. 
191 8 0 p.m.|Weston - super -|Brighterthan Venus Bright yellow :2 or 3 seconds| Appeared os ahor 
Before Mare. at maximum. peared St 
~~ (measured). [ns 
a peared behia 
clouds at alt-tud 
about 18° que 
) sured), N.¥- 
19}....00. a[eccvccccosccccssccscclesceaces Sseeccesccecsnce|see eteece cccccncelecscececnsesscesce ee in mid 
heavens, and dis 
appeared in | 
straight = bn 
between the 
evening star a 
the setting 5”; 


‘ ae 
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Direction; noting also 
Length of | whether Horizontal, 
Path. Perpendicular, or 
Inclined. 


\ppearance; Train, if any, 
and its Duration. 


1°35 second. 
Tal straight, white, 3-5]. 
seconds. . 


Brightest at first appear- 
ance. 


no tail or sparks; no 
train left. 


Lye light at reappearance|15° ........./The last 5° were de- 
| was lesa bright than at flected upwards a few 
| first. 


at first than at last. 
No tail or sparks. .........0.fessccsseescceccfossces 


ite stellar nucleus. 
| Brightest at first. 
‘No tail was observed, nor|.......... 


sparks, probably on ac- 
count of sunlight. 


ceoeecennecacotaste® CoKeeFSHOCCOSSHS ET HESEEEELESE 


.sejApparently the same/See preceding Report 
path as that of July| (Catalogue). 
19, 1862, 115 177 


p.m. 

! | 

From about mid-heavens|...............,be streak remained/Seen in the early part of|Correspondent 

| it took its course in a as a flash of fire| the eveuing, when in) ‘ Hereford 
westerly direction. for 30 seconds, and| reality it was quite Journal. 


as a straight bluish 
cloud for 5 minutes. 
In 28 minutes it 
changed its figure 
from a direct line and 
disappeared, fading 
equally all over. 


day; only Venus and 
the new moon coald 
be discerned in the 
sky. 
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Position, or 


Place of : : : 
Date.| Hour. ° Apparent Size. Colour. Duration. Altitude and 
Observation. Azimuth. 
1863. | h m 
July 19|About8 p.m.|/Leominster Singular meteor or'......... vecsesee(AFaversed ailnthe N.W.......... 
(Herefordshire).| shooting-star ; longer dis- 
=xto lst mag.x. tance than 
usual. 
oe 
1M About 8 3O}....0c...ccccccceess AS large as aiClear white...|Moved slowly;An unusual appear. 
p.m. Pigeon’s egg. ance in the north. 
western sky. 
(Place in the sky.) 


Horizon line. 


19|About 8 30|Kingswinford Like a firework ...|Bright mauvel].......cccsccc... (burst between | 


p.m. (Birmingham). colour, edged Venus and th 
with pink. moon. 
19] Very shortly|Hay (near Here-/,,,,...... sesevenessecee|seness ves corssveve|seceooncenooecsees! 1 HeluMInous streak 
after sun-| ford, S. Wales). extended from 
set. about alt. 5)- 
(measured), ta 
alt. 36° or 37° 
(measured), ex: 
actly over the 
point of sunset. 
22| 9 21 p.m,.|Weston - super -|At first = to Ca-|Brilliant white|1} second ...|From 6 Cassiopeia 


Mare, pella, then = to to 6B Cephei. 
Jupiter. 

26) 5 51 p.m.|Cranford Obser-iLooked larger injDifferent inj/About 3° injCentre. R.A. 14) 7« 
vatory; W. | disc andbrighter| colour from| 2 seconds. , 30°, N. Decl. 11: 

ane: 0° 1" | than Arcturus. | Arcturus. | 53’ 46”, 


N 


Ss 


Arcturus _tran- 
sited 4" 14° after. 
wards (along the 
horizontal wire). 
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Direction ; noting also 
‘Appearance ; ; Train, ifany,| Length of | whether Horizontal, 
and its Duration. Path. Perpendicular, or 
; Inclined. | 
| 


| 

nn i soscsccseetese |ADpeared to burst and Seen by daylight. The/J.K.,correspond- 
| send out bright rays; path of vapour con-| ent to the 
| in all directions. <A} trasted strongly with| ‘ Irish Times.’ 

path of vapour curved, the colour of the sky. 

at each end remained: 

more than a quarter: 

of an hour. 


scesceccoeces|Rrom left to right ....... The meteor burned for a/W. Sandwick, 


Remarks. Observer. 


Small star or piece of fire'.. 


| falling down, from whose minute or two, but the communicated 
| sides issued jets of thick, streak for a much] by T. W. Webb. 
light, cloudy smoke in a longer time. 
clear white streak 15° 


long and 3° wide. The 
meteor burst, and the 


flat; it then faded away. 
| The mucleus descended 
' to the horizon before it 
burst. 


socccesccoceceefAfter the nucleus is-|,.....cccccessscsscssesereeees/ Communicated 
appeared, there re- by T. W. Webb. 
mained a tail for 3 or 
4 minutes, which broke 
into segments like 
‘mare’s-tails,’ and va- 
nished by degrees. 
The luminous streak a8-|..ccscccecssers Slanting downwards|Seen by four persons atiId. 
igh from left to| Hay. 
t; almost vertical.|The same meteor was 
described in the Birm- 
ingham newspapers. 


From S. to We. — ccccosssccee 


SOHHSHSCHHSSSSLFOCOHOSHHRE SEH HRESEAEBESEedesaes COCRESH HHH SEE SdeOHEEEaeEOeheD W. H. Wood. 
gated just before extine-| 
tion. No tail or sparks. 

N. to S.; vertical. The 


cccccvccseecess| Lhe spurieus disc ap-|A meteor was noticed by|W. De la Rue. 
. altazimuth instrument, 


peared larger and daylight on a previous 
brighter than that of| occasion while search- 
Arcturus, and of a! ing for Venus with the 
different colour. No| naked eye, 


change of appearance. 


during the passage o 
the meteor and of Arc- 
turus. 
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Position, or 


Place of : i . 
Date. Hour : Apparent Size. Colour. Duration. Altitude and 
Observation. douirnrlis 
} —_ | 
| 1863.| h m | 
July 26/11 O p.m.|Weston - super -|Bright meteor....../Red ........000s|..ensssseeresesens feos eeesevensnensneses 
Mare. 
| 2710 20 p.m./Greenwich ...... = 1St MAG.#.......4.)cesereeeeeeererees (2 SOCONMS,,.,../From the zeuit! 
disappearing 
about 10° or 15 
above the horira 
: due W 
27/10 35 p.m. |[bid................,= 1st mag.#........./Straw colour..|2 seconds...,..|Appeared in §.¥ 
at altitude 5) 
disappearing | 
the 5. at altro 
| 20°, 
2710 40 p.m. |[bid......cccccceee/Simall ....,.ccsccsees[eesseeseoesevesess/2 SeCOnGS,,.....|Passed slowly fro 
the zenith u 
wards the N. 
28) 9 57 p.m.|[bid................,= 1st mage ..,...|Blue ........./10 seconds .../Passed from tt 
neighbourhood 
of Jupiter to th 
western horizon 
31} 9 30 p.m.| Weston - super -/Large; Venus-like|Same colour................../From the §,W. (i 
Mare. as the moon. Serpens ) toward 
f= the W. 
S111 0 p.m./Hawkhurst =Srd mag.# ....0.].....seeseess.eeee/0'°G second ...\¢ Ursse Minoris t 
(Kent). o Camelopardali. 
SILL 12 p.m.|[bid ....00.........|) = 18t mage (+ ).e.]...cneneee ../0°8 sec, rapid y Cephei to y Ura 
| Minoris. 
S1)11 33 p.m.{[bid ...............,=3) mage ....../Orange.........0°8 second ... From r Custodi 
to 2° belo 
Polaris. 
Aug. 1)11 5 pmIbid.., ../ = 2nd mag.# {Yellow .ss,../0°B second ...)) Cemtepen to | 
ephei, 
2/11 40 p.m.lTbid .............,. =2nd mag.* ...... White ......... 0-7 second ....0 Custodis to | 
Cameloparial.. 
S11 47 p.m.|[bid ......,..0....|=3rd mag.#, then|White ........./1°5 second ...)9 Ursa Minoris to 
| = 5th mag.*. Ursa Majons. 
5/11 20 p.m.|Ibid sures cevsssseessenes|WHIGE s.cacesee(Il second “ims Pegasi to 
or Capricorui. 
Ll 30 p.m | 
BIO 9 p.m. [bid ........cccseee =2nd mag.# ......|White .........'1 second ...... (ec) to (oc) Sagd 
tari. 
810 10 p.m.j[bid ...............;—= 2nd mag.# ....../Yellow waises) A second ...[(m) Custodis § 
| (Q) Camelopet 


810 15 p.m.|Southsea (Ports-\=2nd mag-* ......|Yellow  ......|1 second ....../To } (e, 8) 42 


mouth ). | dromedx, ball 
| | way from (*) Ao 

we _ dromeda. 
8/10 20 p.m.|[bid .........0000- = 3rd mage ......[WHIG ccessees/L SECON ..cceeceececeseeseeeeett 
B10 24 p.m. Hawkhurst =2nd mag.« ......| White = oh second ...... Fell vertical’. 
(Kent). | ry (n) Opbi- 
8/10 28 p.m.Southsea  (Pnete =2nd mag.# ......|White .........'l second ...... From (t Pega 


Way to Pe 
ae 
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warance; Train, if any Length of 
znd its Duration. Path. 


Direction ; noting also | 
whether Horizontal, 
Perpendicular, or 
Inclined. 


Remarks. Observer. 


sevcevccesesece Downwards from left 
right. 


SeSeaasSFOHSCHHOSSCOES SS BEOT® bad 


F080 2680S ee Inclined Sbeeossestesessoe 


0099s oped beeseeOeror ane ee 


Pa 
thedteneie Litit tit Ytti +. PoleSP OOS DOKOSSOHECE LE SCHOSEH UATE SC 


| 


10° and 108 20. 


Descended ....0c...e0...| communicated 
by W. H. Wood. 


SOO SOOE OOO EOCED a cece er SHHEEDOROCHE HO SHESESSaerE 


t cate angle with 


“20 or sparks ....... 


very fine object. 


\balf a second... secseaceses sevacearsaccesseeea{l 


POC e eel ee OF ODE HOO OD EEE scccesetee sen sessesestOhesgces 


W tail, and 


j left Staeeesedecs Id. 


evever C8Gogetes 


Scenes seess ee eSGesateesouses WwW. Penn. 


O08 de renege 
SEOKHOCHH SE EBOTHSHSHOKEHSOSSCAHHTss A880 


Pte 
Oe tet ceneeesce SHessosesesoasalsgs 


a 
a or sparks bea ededd PITT IIE AIL ELL Tt! 


SOSKSOHHSHSSSESSH SHEEHAN HHEROSH Oe FOSHEHHASCHHERSETCESEESCHOLTEHES 


Vertically down .........J..-..se0e ccccccercecssccnssoetA. S. Herschel. 


od DePALI LLY PRETELIOETETINISCE POTTERY Piri) Cec e Penn. 
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Place of . Position, ¢ 
Date.| Hour. Observation. Apparent Size. Colour. Duration. Attitade 20 
Azimuth. 


1863.|h m s | 
Aug. 8/10 28 p.m. Weston - super -|> 1st mag.+ ....../Brilliant blue 
are. 


0°75 second... 


8:10 29 p.m.|[bid ......ssecccessf= 20d MAG. coeseeIBlUC assceeree O'S second ... 


N. Ded. 4 


R. A. 4, 
pam 29 30 |Hawkhurst ==2$ mag.#  .,..../ White .........)1 second sesuadProm (a8? 
8 10°38" p.m. Southee. (Ports-|= 2nd mag.# ......| White . ha second Fron : het 

mouths | eee eee - ™ keune 

2° belew 

810 89 p.m. Weston - super -|= 2nd mag.# ......|Blue, white... 1 second ...... Prot te 3 d 
are. N. Deel. 33 

| R A. 3 

8110 40 30 |Hawkhurst = 2nd mag.+ ......| Yellow 12 second wae 4 
p.m. (Kent). _ ~ to : na 

the war {1 

Delphini a 
§ 10 47 pm. [bid eee eeee ee sSnee =l]} mag. ..| White eeesteotnose l second eesene pon we 

dromedz, 

Pisciua) 
810 47 p.m. Weston - super -/= to Sirius ...,.....,White, then'l'5 second ... Fron RA! ey 

are. blue. | Decl 7° a 
8'10 48 p.m.|[bid ........4. cooes/=eSrd mag.e ..... «Blue — ,.s00....,0°S second ee 

N. Deci. 
R A. 21% 

* i 

810 49 p.m.[[bid ...ccccscsesees =to Venus at max-!Brilliant 1°5 second ane 
imum brightness.) yellow. Deel. 29.0 
25°, N. Ded 

$'10 49 p.m.| Hawkhurst = ° 

p. (Kent). 2nd mag.# ....., yellow ...,...0°3 second ...!Centre at 5% 
810 50 p.m.| Weston - super -|—= 1st mag. (?) ...|RUddy ......c0.|ssssseseesssveenes From B..3 
are. N. Decl =? 

Ded 3. 
$10 51 p.m.|Hawkhort = |= a 
| p- (Kent). Ist mag.#.......5. Yellow ......|2 second ,.....\Centre at >‘ 
8 10 52 p.m. Weston - super - = 3rd mag.# eeboes Blue eeonvecese 1 second ecace ee A x 

are. N. Dec. ¥ 

RA 3: 
810 53 p.m.{Hawkhurst = Decl. S" 

.n.| Weston « “ . 
P Mare. super -|>than lst mag.s..!Ruddy .........{1 second ...... From R. A 

RA 
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Direction; noting also 


lpearance; Train, if any, Length of | whether Horizontal, 
and its Duration. ath. Perpendiculsr, or Remarks. 
nclined. 


Observer. 


ecsv eet OOHRS D OSHS EOASETEEEAOE 18° CHOCO OEST creed eseTSOR CORSE TEL HeTEoeSleene POSS oo oneseeReHsecesenenes W. H. Wood. 
i 
WeheeeeeeSeeerse BOS esasennee CO LEUUSPT IP TIT TLIC it TRACI car isi isirrrervrererrrerrrrvrrTrrrri yy tit) Id. 


Ko train or sparks COT OHOEHS coeOSHeSEOOK eee leaden ceSde gee THERE SEAHORSE Re rae irons BeoseEseneraveseoneer esses A. S. Herschel. 


Peacsrees seer eneeoeuveee SCSHHOHOHSHOLOHHOKEFHOESHSC HHH cc ee cee EO EEOHHORESERECEC THRE FBECHEKCEEHEHEREHHSERREEEHEEEHDE W. Penn. 


Lt a long slender thread 
of light. 


TUTE EPIL Py ee TTeTVPTPETTTITrerrrerel SIRE Creer rrr iit W. H. Wood. 


vo train or sparks COTCHOTEHS COREE DOEOOH Eder cone CROP C ECE reReHO ser ebenreare|erenanererearsersvronsanenenees A. Ss. Herschel. 


COT eee PIUTEUETTITITITI ITIL TIC Ie Id. 


No train or sparks ...cces. 


STCOSCHHOSOTLCEESHOe Seseseonsatevseses CONES heeeoleedoseaseROGacesshgseneeoes Gee W. H. Wood. 


arPese sees eee SGs SSF eee essaesebeoce 


SLPSOSCHSHKSE ESTO KS FTHHCHHSATEHD eee SEH SHS ES HEHHSEHL SCR SHSTHHEROHTEHTHRESESEOCESHERS Id. 


seoccecevecescsleerectevesecscsssscossssecces (Appeared stationary an Id. 
instant before disap- 
pearance. 


| 
; very bright meteor; red 
on off side and rear and 


athering tail; left no 
track. 


Brightest at centre eaves 6°... ccesccecs Horizontal AUP SOSSEHeeeeteleceeeeneteesanene Paeesecessace A. Ss. Herschel. 


eee ond 


Iniv the red laminons FESS ROOT SASHOHGSHTEHOESSHEOEHHHRSHHSEOHECHHEDEESE SHC eH EHeSRTeSHHTHHLEHSHHGTHEHEH HSE W. H. Wood. 
train was s¢en, which 
lasted 3 seconds, 

No train or sparks ..6....../6°..sccoeeeeoe|Directed from we Her-l,...ccscossssssseesscessseeees(Ae 8. Herschel. 

culis. 

The meteor showed inter. SSO SSDO HRA SA EOL EEOC HER EEH EH eee ES HHEHHHOHTOOHdeHcesHeeneesseeeHTeEHeHEOS Ww. H. Wood. 
mittent light. 

| 

ho train or sparks C86 eee 0008 6°  cesccccece Directed from a Corons: COHSEHHCHSSCHOHHEEP RK RHHHeHECOEE A. S. Herschel. 

ruddy tail, remained 


Seeeeegegcoscoe SOHC CAREECEHPeceeHeeHHATEHeHenedtesnecHesegecsenesssdeneenassgnes Ww. H. Wood. 
2 seconds. ° 
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Place of Position, ¢ 
Date.| Hour. Observati on. Apparent Size. Colour. Duration. Altinde 
| 
———— — ' 
1863.)}h m s 
Aug. 8/10 58 p.m.|Hawkhurst =to Jupiter ......|White ......... 2-8 seconds ...iFrom Pega 
(Kent). y Aquiz. 
810 58 p.m.!Southsea (Ports-|=to Venus at her|Yellow...... 
mouth). brightest. 
11 1 p.m.|/Hawkburst =2nd mag.# ...... ellow....... 
(Kent) 
Sill 3 30 |Ibid......... sevees = 3rd mag." ...... Yellow ...... : 
p.m. 
{ 4 30 |Ibid............... =3rd mag.# ...... Yellow ....../0° 
p-m. 
Sill 5 p.m.|Ibid ......... eee =3rd mag.* ...... Yellow. ...... ° 
aha 11 p.m. Weston - super -|= 2nd mag.e ......|Blue .ccs..-ss|essssnsncneseesees 
Mare. 
811 24 p.m./Hawkhorst = 2$ mag.#......... Yellow. ...... 
(Kent). “8 (7,8: i 
8/11 25 p.m./Weston - super -/=to Antares ...... Similar to An-/0°75 second ...|From R 4 
Mare. tares. S. Dec. 8 
R A. = 
Decl. 2! 
8/11 42 p.m.|Hawkburst = 3rd mag.# ......|White .........{1 second ......{From i to! 
(Kent). otis. 
811 45 p.m.j/Euston Road |--2nd mag.» ...... Bluish white...|0°8 second ...|Proar « Ceql 
(London). near « Herel 
811 46 30 |Hawkhurst =3} mag.# ...... iWhite .........J1 second ......[To 4 2M 
p.m. (Kent). J Boss» 
way froa 8 
rope. 
8111 48 30 {Ibid............... =3rd mag.® ....../White .........{1°l second ...[To r (xs? 
pm, net, ma 
way 9 ls 
joris. 
918 9 30 |Ibid...........00. > Ist mag.* .....:|Yellow ......[1°5 second ...(Te 6 Lite 
p.m. 3 way sol 


9) 8 32 p.m-jlbid .............00;ar2nd mag.w 1.4...) White .ccccccesfl SOCOME cocese) ‘eo oul 


91 8 39 p.m./Buston Road |= 1st mag.n  ......'White c.ccccccclececescceesee ation af yd 
(London). @ Andr 


—_ 
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f Length Direction ; noting also 
ppearance ; Train, ifany,| Length of | whether Horizontal, 
: and its Duration. Path. Perpendicular, or Remarks. Observer. 


| Inclined. 


jt red part upon the rearj50° ......... Horizontal in S.E., leftiNo sparke, but a redjA. S. Herschel. 
| of the nucleus. Train to right, at altitude) colour in rear of 

|, 4’ wide, 40° long, white; about 30°. the nucleus, which 
; disappeared equably was white. 

! throughout, in 4 secs. ; 

spindle-shaped. 

j‘ery long train; feathery|...... coccceerelecccscscccnccoescesesane sosees|ecceescecsceeeeees seasceeneees 
| and broad in the centre. 


. Penn. 


‘No train or sparks .........|... eccccccceecc|ecccccvescccscccesceccece csceslecccpeccceeccevececes ececccess 


No train or sparks .......s.[...... cesccesas[scccscecscecscceccscceceseseetlsccecesccvsvecsecessecsrsasees Id. 


‘No train or sparks ........./3°...c0.s0.. Towards « Ophiuchi ...|... soweseees veeeeeeees oteceacs 


| 
‘No train or sparks .........|...... sevssscee[reesesssesens sesesseeceseessacfeeceee ase sssceeceecoesesenenes 
I 


A. 8. Herschel. 


‘No train or sparks PREUIVELTICRUOPTEOEPOET TIES) Ce eee I W. H. Wood. 


| 
No train or sparks COEF OC eee) acerca eee ee eee SOSSESOOSUSCHHSDENSHHOHSeeBetionsa SCPE Hcoeneseseeesseo® Benn 


q est seen at latter part of COPS ed oO HH SHS eH [FOHRHSSHHOHHFSSCHHHSTSSEBSEHHLeEDeeelees eases 

| course; train §°. 

' 

' bort train ; meteor eucaeetetaaaece sesseccesesess eentces SCO rer® walesencanrsecos OOOO Se Deesertseede 
brightest at last; dis- 


| appeared suddenly. 


No train or sparks COMSCORE ee eccc se ceesse | SOOHSS POSER ES EE CEE OEEHHH CHESS HOSS er e08 COP See eoaseHeSseetsers 


to sparks or train ; Vvisi- SCoaeetevenesepos secsceneseucsecevecescvesonss 


ble im the daylight. visible, bat no other 


stars. 


| 
Yo train or sparks COSC COS He] cer eGaeSHESOS Ss! COT HAOHOS DOOHOR TEE OOO HE HREHEEH es HeeHHSASASHeHEHsecesaresenons Id. 


.|T. Crumplen. 


ail Be, .ncccccenebersacetcoees PSO OOD cee HED As eK eReeeHES eee eeOHSa ne enETHOSLS [ELH HHTHEEEHE LE SEHEEES HOLE HOSS 


—— 
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Position, 
Date.| Hour. | of'teef | apparent Size, | Colour. | Duration. | Alttude2 
1863.;h m s 
Aug. 9} 8 4715 |Hawkhorst =2nd mag.# ......, WHIte .....5000{1 SECON ...... 
p.m. (Kent). . 
9} 8 59 p.m./Euston Road /=I[st mag.x ......JOramge red ...|..coccscssceseoeee{From bet 
(London). 


9 9 12 p-m™. Greenwich Park.. COHRHK EOE COREE HOT OHO EH} * TESSS COSC OCcen EE 2 S8eC2., slow From a litte 


motion. 4 (f, ¢ 
Majoris ta 
x Draconis 
91 9 25 p.m.iEuston Road [=Srd mag.x ....0.|-cssccccsssesseees|soccsscoececeesecs(FFOM p t0 J 
(London). conis. 
9] 9 27 p.m. [Ibid ....0...eccee./= 2nd mage ......( Raddy .........(0°3 second ... Near « Aqui 
9 9 28 p.m. Ibid CROLCEENH eRsees =3rd mag.% fences Ruddy eeoovesce 0-2 second ate From B Cre 
a Sagnte. 
91 9 28 p.m.(Greenwich Park|Bright meteor......|Bright white ..{Quick motion.|From 1 Un 
joris to 
we below 
9} 9 28 p.m.jEuston Road |=3rd mag.# ......|Ruddy ........./0°2 second vos From f om & Cv 
(London). itt. 
9,9 32 pwm.lbid ............40. =1'2 mag.* ......\Orange colour|2 seconds.... positon n 
9} 9 34 p.m. [Ibid cossssssossoeee{= 12 mage .00...|Bluish .,,00000./2 seconds......[Prom @ C3 
x Lyre. 
91 9 38 p.m.|Greenwich Park).........cccccsscscsssee|vcescceseeeecerses Quick, short/Passed 2 
path. Unse Mae 
9} 9 40 p.m.'Euston Road |=2nd mag.« ......|Orange red ...11°5 second ...|From ¢ As 
(London). a« Caprie 
9,9 40 30 |Greenwich Park|Very bright meteor|Bright white..|......cccsccec.../Passed di 
p.m. cross 6!" 
towards tb. 
919 4215 |Hawkhurst =2nd mag.# ......|White ...000.1 second .o..../From 9 DA 
p.m (Kent). Be eet 
91 9 50 p.m.|Euston Road |=3rd mag.# ...000].ssceee ver ercesoealsesceceacees vee» From 6 Cz 
(London). | Lyre. 
9,9 52 15 |Hawkhurst = Ist mag., or White, yellow,|1*2 second ...,From « (' 
p.m. (Kent). brighter. orange. (C, F) i 
9} 9 53 p.m./Cranford ...... .-[Large and brilliant],.......ese00e.../Slow motion ;{From altito? 
as Venus at her about 2 secs.| 60° dw 
brightest. Centre $. 
9} 9 53 p.m.|Euston Road |=Ist mag.e ....../Red ....c0s000-(0°5 second ...'From p ¥: 
(London). almost 
Aquilz 
9 95715 |Hawkhurst = 3rd mag.#, then| Yellowish 2:3 seconds ...iCentrebet* 
p-m. (Kent). =Venus, then| white at » Serpentis: 
==3rd mag.*. maximum, halfwar 
ruddy at last. Hercois. # 
ceeded © 
distance ¢ 
9, 9 58 p.m.j/Euston Road |=to « Lyra ......{Raddy ..........3 seconds ... From & P 
(London). tween AF 
pentis. 
910 5 30 Hawkhurst =2nd mag.* POO ceelccoeedacengereanaclecesnsesscenecnece Centre exc 


p.m. (Kent). ‘ Aqui. 
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Le of Direction i, noting im 

ngth whether Horizon 

Path. Perpendicular, or , Remarks. Observer. 
Inclined. 


parks ; train 4 second. eoveoercens Cogelsccrocccsseca COeereddepeccscce| "FODeredeccebesesesscosesesoce A. Ss. Herschel. 


t 3? long Ceceesceccesens /oneeese acvsee ocleones Sh oocsecececcvsesevesce wool **Ooeeogeteceesesonneces eusens T. Crumplen. 


& of sparks edecceetenes eceaneoeseeutees ‘owards the Pole Ce eges| COP FHSeeeOSSHOC a KEES eee seeoer W. Airy. 


oor eeresvenseceneeones POON PIX TTTIT TTI TT TTS TPES Tir) T. Crumplen. 
a of 24° in length ecalte@acccoscoe COSTeSCoevonneecese OCC OOCr CoO eS ooes**e* CoecnsseoHesesveseasarvd eve Id. | 
bared tail 


Cocevecncecn]® SA che seenccccesesOeceres cess aseEesdecasenensasedeeeseeeeesonasenraess ssoves W. Airy. 


sieesssceescepecefeacesocssacccce|ecsscssceceeees easvascesseeres acecscescsaveeees seccsseecoess T. Cramwplen. 


CSCS OSOSSO DES eee [FES SSSHHSEEHZeEtEEEaESeaetEEEE SCHOSEHSSHSHSCHHSEHSEOH EHH eesesegE Id. 


aeeccecccserces SeOOe ors sanecsseseen PYYYTTIT VIL 2 Id. 


“Otter ane nencesscoosoececl® ecesecsorcones assed downwards SeeocelOPOeOseeecoossccenessOdnonece W. Airy. 
POO OOOOSE BES e cc fOSOOCOHHOTUO SEES eEOSErsseneger erccccccese eeetees Cocvenere esese T. Cramplen. 


b train of sparks... Cocelene scouserecese owards the Pole Cooacaiese CHSC ore DeHeHeTSeaseTeseglss W. Airy. 


tated } becond 06S0 65 1OF ROSS SO SOTHO TSISOSEEOERGeEHEOReOeHESHSES ERE OC CHOKSSHS OSS HASH SSOTTHSSS CHASES A. Ss. Herschel. 


Pin length .osesssleee 


the SoS eKoSS Sees ooofrtedseres eee nGeeseessensocsser Corresponds to Cranford A. Ss. Herschel. 

and to Euston Road, 

9* 53" p.m. 

tata about 20° long eocenes Oocetese Shot almost . vertically PeneesesgePesccece aeeateseogese W. De la Rue. 
ownwards. 


OOSTOHHEH spelt SsSSHSegSeSSsovssacesess#easevs 9690685000009 PHSSOS HEORHE SOS T. Crumpien. 


eof eeeS Ole oaer Deseo esesnesedegeos T. Crampien. 


O0COOs cron eves Almost vertically down, COSTE ESCECECEH OTTER ORESS A. 8. Herschel, 


S.W.; alt. about 20°. J. FP. W. Her 
schel, and 
others. 


mM Wartled, —ANG?....sssssseoDirected from js Ophi-|.ssssssececevsnrseeeeeeees{T Crumplen. 
Cnr uchi. 


ee, 3 across _ Seecgesee Parallel to Milky Way... TY ITI IKI J. F. W. Herschel. 


Position, or 
Hour. Apparent Size. Colour. Duration. Altitude and 
Aximnth. 
1863.;/h ms 
Aug. 9110 | $0 = 2nd mag.s BOsone , bite eececccce : second ose 0 vw Bootis, fra 
p-m. 4 way « Un 
Majoris. 
9 10 7 45 oe = 2nd mag.# eveses White eeovccses 0-7 second eee From + to 3 Ww 
p.m. Serpentis to. 
9110 12 pm|Euston Road | =e Lyrm............|Pale yellow ...|3 seconds......|From Scntum Sol 
(London). eski top: Sagittar 
910 19 p.m. [Ibid .........00-./= to Venus.........! Orange colour|1°5 second .../From ¢« Aquilz t 
wards « Serpent 
9 10 19 45 Hawkhurst ax Ist WAK-B, 2.200402 /OTADRC.cocceee: 1-4 second eee From 4 (£,8)Dree 
p-m. | nis to 8 Hercul 
9/10 $3 15 Ibid oeese Ce .ece = 2nd mag.# eccece: WIS eeccencas 0°38 second ees From 3° over Al 
p.m. tarus. | 
9 10 34 pm. BvLonds ) =2nd mag.t aoeeee Bluish CET eT 2) 1 second eesees Near B Androme 
ndon). 
9/10 40 p.m.|Hawkharst =1°5 mag.a .....\Orange.........(1°4 second ...|From 3° left of 
(Kent). me to d Pegasi 
9/10 41 p.m. [Ibid .........cc0c/ = 2nd mag.m ....0/YelOw .1...-.-|] SOCOME cosas eae ee! 
6, gas. 
9110 44 p.m.jBuston Road | =a Lyrw....s0+..0+.|ROGGY o.+..-00.(1°3 socand ...|Noar « Caprica 
(London). 
9:10 82 80 |Hawkhurst = 2nd TAZ -B cover Yellow ....0.00.|1 second oetecs From ¢ Urse M 
p.m. joris, onwards. 
9)10 54 p.m. =a LyTR®.....sccceees Ruddy ececccsesle SOCONASc2000. Near @ Aqua 


9110 57 45 |Hawkhurst =2nd mag.# ....../White .....0+-/0°7 second ...| Disappeared 1° | 

p.m. of 3 Cassiopeix. 

9 8 | 1 p-m. Euston Road =z 3rd MAZ.#. 1.000000 Bluish CoeHCCREEIESHCOCTEEEE DERE ES From ps to # A 
dromedz. 


OIF 6 pm = Ist mag.t.co.00...|RUddY ......0-.|1 second ......|Between #, 0A 
me dromede. — 
911 13 p.m./Hawkhurst =23°5 mage «.....{Yellow........./0°S seoond ...|From { Dracos 
way to x Hered 
10 0 3 a.m. Euston Road Diuminated the COPereeeesesccesos 24 to | 8@CS... Conjectured abi 
house-roofs. 38° alt. on tht 
meridian. 
10/0 5 am.jHastings, Win-Unusually large. (Bright white,|S or 6 seconds Above Polaris;i 
. chelaca,&c. (17; Diffused a bright} tinged with]  . altitude about 4 

CoastGuardSta*) light. blue. NE. to Ws 

i tade 50°. 


10} 8 45 p.m.Riv. Samoggia(One-sixth diameter|Axure blue, or.cs-....:ssseruee.|FFOm 8 short 
violet. 


9 30 p.m. of the moon. tance E. of 
Sologt Cast shadows of daria throogh U 
M.T.). trees, &c. more Major to 
North Italy). | strongly than the disappeaiig 
moon. Arcturus. 


10| 9 8 p.m./Eustan Road 


= Jat PrTTTye ys covecceesis. ooo (From Une 
(London). meg.* Bluish Q°5 second « ‘ 


joris to Aret 
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Direction ; noting also 


Appearance ; Train, if any,| Length of | whether Horizontal, 
| and its Duration. Path. Perpendicular, or 
Inclined. 
js cndanred 4 secohd ecleeeseseeeeeevevisaeson @euceeeSGSSoneneaqeeseeses 
| 
f lasted 4 second enecosicceesene Qasevceloesense Geovesrerescencars eee 
" train remained g° in|. ccccccacencces COOOHOHES HELO HEREH OSE HOVETORS 
| length. 
Train remained mn the eresoccece Pecscloseccee Oensecscsecsoese @oeocere 
. whole length of the path 

2} seconds. 


[eer sparks about thel.......cccccscclecsess 
‘| nucleus. Tail 2 secs. 
Train 6° COCccresvecneaseoereas 10° eoeeere es 
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Remarks. 


up first near the ter- 
mination, then faded 
gradually from each 
end to centre. 

Corresponds to EustonjA. 8. Herechel. 
Road, 10° 19™ p.m. 


5 Majoris. 
in remained 1° in\6° or 7° .../From 8 toy Andromedz T. Cramplen. 
| length. 
| ucleus sperkled ; lon oasevees SOc eeseelvnascocssee OCeerocensocesncesce|os A. s. Herschel. 
stright tai, 3 
train remained 268086 SOSHHF COTS lene enesoergensesHedaneseesess de Id. 


Csseoes envelope round/8° or 9° 
the nucleus. in seen 


] 


Ball of fire with red train|50° or 60°..|From E.N.E. to W.S.W. 
of moderate length. 


»-.[From ¢ to y Aquarii ... 


Tail faded gradually at/T. Crumplen. 
each extremity. 


S. Herschel. 
. Crumplen. 


A report followed eeeace 


Exploded at a point|W. EB. Buck, T. 

about gds of its path.| Webb, &c.;com- 

Disappeared suddenly.| municated by F. 

A report followed. W. Gough. 

The train near the centre|J, Joseph Bian: 
enduredthree minutes,| coni. ~ 
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Place of : . Position, or 
Date.| Hour. Observation. Apparent Size. Colour. Daration. Altitude and 
Azimuth, 
Aug.10 9 3 p.m.|Cranford (Mid-|=2nd mag.€ ..rccclcccocssesssere .-.|Nearly 1 sec...|At elevation of 
dlesex). about 8°, a littl 
to the E. of S. 
10 9 5 p.m. Ibid SSeccconeseesee Very bright seerverserslon SCSOKHSHHSSHOSHSSSlreesarSOEHEORSHHES Across Capricornn 
10] 9 5 20 |Ubid .......sccccssclevcccccvccnccccccecscecs cocacscscccccsceve|scceeecacces soos. | ACrOss Pegasus .. 


p.m. 


1019 6 p.m. Weston « super -)=Sirins ....e:0e00e.|Vivid blue ...|1 second ..... -|Appeared at y Sa 
are. 


gittarii 
10) 9 9 p.m.lIbid ............0. as Sirius .....s.000s- Blue-white ...|1 second ..... Prom y Equi’ 
q 
10} 9 13 p.m.|[bid .......... coves]  VEDUS crccscceeess Yellow ...ccscs: 2:5 seconds ...|From N. by W 
W., alt. 10° 
downwards ¢ 
the horizon. 
10] 9 15 p.m.jEuston Road |= 2nd mage ......|White .......-.(0°5 second ...|/From A to ¢ Ophl 
London). uchi. 
10/ 9 21 80 [Hawkhurst = Ist mag.x, then|White .........|3 seconds...... From @ Coronz t 
p-m. (Kent). = Jupiter. 4 (2 Serpentis, 
Libre). 
10, 9 21 88 [Cranford (Mid-|A very brilliant/,, vegccceccelecscecccnsccscess-(FFOM @& Lyre 
p.m. dlesex). meteor. tween « Ophi 
and « Herculi 
10 9 22 80 |Hawkburst m Ist MSg.#..+..000+|.scccccoessereecee|1 SECON ....+.|F60m O Bootis t 
p-m. (Kent). 4 (< 


culis to Z 
uchi, | 


10 9 24 30 [bid eeeceseecesons az st MAZ.F .ccocceee Bluish white.. 1 second GO 0e00 From 4 (s, r) Ha 


p.m. culis to 3° lefté 
e Ophiuchi. 
10 9 25 30 Ibid eeecovesssetens az ]at TAZ. Hecccccces Bluish white.. 1 second eetove From o Taari 
p.m. niat. to 4 (+! 
Ophiuchi. 
10] 9 26 p.m. lI did ....c0..cc0eee0| = 18t MAGI. ..r0ee0s Bluish white../1 second ...... eet 
10; 9 26 p.m.j|Greenwich Ob-}== 1st mag.x......... Blue.......ccse.|1 second ......{/From ft ot 
servatory. Corona t 
W. horizon. 
10} 9 26 p.m.| Weston - super -|= lst mag.#.........|Red ...ccsseccse|] SECON .00...|From the mes 
Mare. Urea Major to 
Ursse Majors. | 
10/ 9 28 p-m. Ibid PITTI YT TTT TT Ty = Venus PYTYTT Lt tir Blood - red PrYTT LITT t ti Appeared te 
colour. 
to met abore w 


horizon. 
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-——_—— 


ATTTTTTITITTTTTETTT TTT TT TET T ee CCCOOESSHOOHSHOl OSHC ECE EERO LHC ADEH HSK HHHEHSHElOHOST HOOT EHC ROEeaSeeEECHEEED W. De la Rue. 


10° seegeeesen PYYTETITIEVITITELTITT LTT LTT TTT CHOEMOSHCSOHES EOE EHeE EH EHTOCES OE Id. 


——$-_—_ > 


drawn from ¢ to e¢ 


Cygni. 

8°... enccecens 40° to right of perpen- CORSmacncconedecessssenesenses W. H. Wood. 
dicular. 

white train remained ...}.....:. ceeesees cesecevacccces cecevccesccccnce|*eeccocvccescsece cevtease ovees (kde 


.|-seeeee+eo0e-es| Perpendicularly down.../ The meteor disappeared] [d. 
behind the horizon. 


Direction ; noting also 
Length of | whether Horizontal, 
Path. Perpendicular, or 
Inclined. 


Remarks. - Observer. 


in}...... TTT eee decasesccceneees seeseoaee sessesenssaees voveees[T. Crumplen. 


head = scintillated|40° ......... vecececceeese vececceecececcess The rest of the tailiA. 8. Herschel. 
i vanished quickly. 
Corresponds to Cran- 

ford, 9* 21™ 35*p.m., 

and to Euston Road, 

gb 23™ 30* p.m. 
a long train, visible/40°or45° in} .............0..o.. sececeeel’ sesecevesceusesescsscsees «..{W. Do la Rae. 


jA train 103° long re-|Nearly 40°..|....... eocveccccsceasceeeccces For a representation off, Crumplen. 
mained visible in an the train see Appendix. 
opera-giass 44 minutes 
near the end; spindle- 
shaped, and fading from 
the ends to the centre. 
train remained 104° in 
length. 


train remained 103° in PYYTYTEPITIIIILTIPT IVIL ITIP CITE I Id. 
length. 


easee PET UXTIIAT PUPTTITITTTTTTITTIL TTT rTiT Tr ce Id. 


train remained 8}° in 


eececnsene POoerleceeseseeeSSHSs ede se Ma SeasIFOSCOHH HEED EHEC HEHLEL ASE DBEEe Id. 
length. 


20° fe ..ccccleccccvccccavcscesccccasse eeoee{Lost behind trees after\W. C. Nash. 
travelling a-out 20°. 


CORO OOOEOOCOeelarccecesee Co neteovoeccer @oeese})e Soe eeeOEH OOO laa Terese abens W. H. Wood. 


Po train or sparks .........|.ssceesssesse.|Perpendicuiarly down.../The wees at-iId. 
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Place of Position, of 
Date.| Hour. Observation, | Apparent Size. Colour. Duration. Alkiade nd 
\ | 
1863.;h m s 
Aug.10 9 28 30 Cranford (Mid- = Ist MAZ-Becceysees OOOH DACCOO EGE EES se cccgnassesenespge Di ab 
p.m. dlesex). 4° froms Ly: 
10| 9 29 p.m.|Weston - super -/= Ist mag.+......... White ...... «»2°5 seconds ...|Appeared at 7. 
Mare. gasi. 
10| 9 29 p.m.iGreenwich Ob-|=2nd mag.# ,..,..|Blue.....000.5-.[1 second ......jFrom y Dre 
servatory. . across = Cort 
towards ths 
horizon. 
10] 9 31 pmJjEuston Road |=2nd mag.w ....../Ruddy .11.,.0.-/0°5 second .../Prom 4 Aqui 
(London). through ¢ 
10} 9 31 30 |Hawkhurst =2nd mag.# ......| White ......... 1} second ... 
p.m. (Kent). 
10 9 35 im. Euston Road =aeL earencens 
P (London). ™ 
10/ 9 36 p.m.|/Hawkhurst =Jupiter.....ssc0se 
(Kent). 
10| 9 36 30 |Greenwich Ob-|=1st mag.x......... 
p.m. servatory. 
10 9 37 p.m.|Euston Road => Venus eseaguseeene 
(London). 
10| 9 38 50 [Cranford (Mid-|=2nd mag.e ......[-csrecsssscsssscee|sscsccsorsnecesess/ Fromm x CAE | 
p-m. dlesex). Aquilz. 
10 9 40 5 Ibid eoaceecstesoses Brilliant meteor PYT UCI TITIES y ye) Centre of pat 
p.m. at « Pegus 
or two é¢ 
above. 
10 9 40 a0 Hawkhurst =2} mag.% eee aae White se8ssebae 1 second eeeeese From I be 
p.m, (Kent). Crm & 
phinus. 
10 9 44 p.m. Euston Road =3rd mag. aerees White CUR SCer ce leceeDOcevaconecess To 4 Aqubx--- 
(London). 
10] 9 44 p.m.| Weston - super -|=2nd mag. ....../BIUC...ccccceces|.reenessseesrecees Appeared 8 y 
Mare. gasi. 
101 9 44 18 (Hawkhurst =2nd mag.# ....../Yellow  ....../1°2 second .../ToA Canon Vi 
p.m. (Kent), , 
e Urse Mia! 
and 4° iste 
10 9 44 48 Ibid SOCcacnese®Osen = 2nd mag.* ousece Yellow eeeeece 12 second @es « Cepheitor™ 
p-m. 
10| 9 45 p.m.|Euston Road |............ sucacssessas|[secesescesscesacse|soecceteossceeees- (Prom f (4 * 
(London). 
10 9 46 10 Cambridge Ob- CEES OO HEHE SOHO RES SE ESS TESS SOHSOSHHSCEH HSS le gesheeHetseasecone First appet 
p.m. servatory. altitude < 
arimuth =: 
from S. 
10| 9 46 15 Hawkhure > Venus at max-Brilliamt ——|..ssseseereen Ceatre aed 
p.m. ent). mum brightness. ow 
10; 9 47 p.m./Euston Road = lst mage... White toseueeee sevssssesscnersetA fe Re! 
(London). below 5, 
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Direction ; noting also 


Appearance; Train, ifany,| Length of | whether Horizontal, 
and its Duration. on Perpendicular, or Remarks. Observer. 


Inclined. 


peia yree. 
in!..... Coaresesoe Inclined 40° to left OLTlecaccaccesvscscsencsscccscs Bee W. H. Wood. 
perpendicular. 


° SORreoveeiscoesegveseesecene Pecesegccccselelesncoconeseseceretsssacsdtes W. C. Nash, 


POOPOPOODS SOK Sel ro eeOEROREOEOCAOEHADHSeeDeeeeDelCESOE SHOES He cEnEOsOOHEEHEOt OES T. Cromplen. 


STSSOCHOHSSAHHSCHSSTe SEEESSSSCHOSSSLOTHO SSH enavesese Corresponds to Green- A. S. Herschel. 
wich, 9° 36™ 30*, and to 

Euston Road,9°37™p.m. 

° CAE CUTIITICTTITITIL ITIL ELEY TTT TTT TTT TT) bette PCocerecossesenbee W. C. Nash. 


seen for some time).....cscsccsecs erecec ccc cecteinccccctedececcs (Tee eeedecsescareceoestoccdetes T. Crumplen. 


rain endured 3 seconds easlee eeseese besees (YETI IIELIIIITI TTT TST TyT) eoeees Position doubtful eenteoe A. Ss. Herschel. 


veveceens Directed from 1 Pegasi|:.--.++++scsssecsssseeseeeeeee/T. Crumplen. 
10° .....00e./43° to right of PEFPED.~|-+-ssedeeeerer. eeecscecs cooeee] We H. Wood. 
dicular. 


‘A train of 5° remained ...'7°.........«..|Directed from p Bootis)...... senssoneeseeees eteceeoes T. Crumplen. 


ft a CFBIN ..ccccsccccccececs Sepasesestsnovee Moved towards 4 hour eoatee boeeeeoegracesdaencesgser J. C. Adams, 
of a watch-face held 
with 12> vertical. 


| i seseceeeel LD? castecees Towards « Arietis ...... Corresponds to Cam-jA. S. Herachel. 
o train or sparks 5° ass owards « Arie orre m oO 46= 10" pm 
rain 5° long eedoeccgnocsses 12° eeececges to 6 Andromede: @ealtereceteoe PY YYTITT LIL) oe T. Crumplen. 
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Date. 


1863. 
Aug.10 


10 
10 
10] 9 


10 


10 
10 


10 


10 


10 


10 


10 


10 
10 


10 
10 


10 


10 
10 


Place of . . Position, or 
Hour. Observation. | Apparent Size. Colour. Duration. Altitude e and | 
Ee 
hm 5s 

9 47 p.m.jGreenwich Ob-|BrighterthanVenus|Bluish white...!t second ......|In the B. ; move 
servatory. almost horizont 
ally southwards 
above « Arietis. 
9 47 29 Cambridge Ob. eveorvsesanes Pe eloeeetstlsoscsnoces CHOKOreeelococcetahesogagcec|cos Ceecaveacsccocsens ow 

p-m servatory. 

9 47 30 |Hewkburst =2nd mag.* ...... 0°8 second ...|From y Andromeda 
onay (Kent). to 6 Triangulz. 
47 30. toad. aevsoveccecess = 2nd mag.# ...... Yellow .........{0°8 second ...|From c Camelo 
p-m, dali to 2° under 

neath L 
9 48 p-m. Euston Road = 1st mag.* ODD eoelecaeselOS reearaccci(eeecnonccesseceves From Yy Androme 
(London). dx towards 4 
Arietis. | 
9 48 p.m.|Weston - super -/>1st mag.* ...... White ......... O°5 SECON ...|.........ccsseesenseeesi 
Mare. 
949 18 [Cambridge Ob-|=2nd mag. ......|....cccccccscsceceloes cocceeccceseoee|/COMmencement 
p-m, servatory. 235° W. from §, 
altitude 70°5. 
9 50 33 Ibid........ soevecs] = 2G MARZ coccesleccscrscscevccces[ocvscvecsccrscees (COMMenced at f 
p.m. point 241°5 W, 
from S., altit 
62°°5. 
9 §3 15 Hawkhurst = 2nd mag.# CHcosrlenessesersGGeseness t second eacces TT Herculis to § Co 
p.m. (Kent). ronz. | 
9 53 28 |Cambridge Ob-|....ccsscccccsceceserceslees conenrsccccccech.scospcecceesecee (COMmenced at f 
p.m. servatory. point 12° W. 
from S., altitude 
§4°°5. 
9 53 30 (Greenwich Ob-|= Ist mag.#.........|Blue...scccccoe-]] SECONE ...... Moved rapidly from 
p.m. servatory. « Lyree across a 
Herculis, and 10° 
further. 
953 45 |Hawkhurst = 2nd MAG.# ..000.]. 008 eecccceenes seslecees ccccccsscovee(From ¢ Come Be 
p.m. (Kent). renices to 3 
under v Bootis. 
9 54 12 Cambridge Ob- ceoseorennes OSC net ereesivascoses oseesecetaele COOCE SOOKE SESEH SIP DOO EOE SEEEH EEE OEEDIOM 
p-m. servatory. 
9 54 15 [Hawkhurst = Venus at bright-/Yellow......... 1°8 second ...|From } to § Bt 
p.m. (Kent). est. M Camelopardai 
9 54 24 |Cambridge Ob-|=lst mag.* ......|.... sosesaseesenns|s sessronesesessees Commenced 233° 
p.m. servatory. W. from S., alti 
tude 53°. 
9 56 45 |Ibid ..........05 oo] = 3rd MA. ceecss| sssccneserssceceslecsesressoneccenes Commenced 90° W. 
p-m. from S., altitude 
48°. 
9 56 45 |Hawkharst = 2nd mag.# ......|..c00 cocsscccees.[L SECON ...... From 5 Can. Ve 
p.m. (Kent). naticorum to 1° 
above d Can Ve- 
naticorum and 6° 
further. 
9 57 p.m.jEuston Road |= Ist mag.#.........|.. eosesseveesceceslesece erteccccosees OF eens co tems 
(Lon don). 
9 §7 15 Ibid eeeeeteee = 3rd mag.* eseece White aeceescges 0°4 second 


p.m. 


eee From "A Cygni toe 
Aquilse, 
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Direction; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 


ppearance ; Train, ifany,| Length of 
and its Duration. ath 


5°-F.+e00+00.1Almost horizontal ......|. 


shooting-atar of ordinary|...............{To left ; horizontal... 
appearance. . 

im endured § SECON ...|..cccscsecccseclessovsecceseccs eo ccenccsceee 
in endured $ SECON ...|.cccccccscccces|ecsers 


& train 4° long eccece 10° eoonensseles 


white tail 10° long Vile) co cccccccserces 
dured for a few seconds. 


epceeteeeseenvacseces Cacasecaesess* CeOCF a HeeHeEee 


..[50° to right of perpen-). 

dicular. 

Towards 24 hour of 
watch-face held with 
125 vertical. 

Towards 2} hour of al.. 
watch-face held with 
12* vertical. 


a train SCCEHSCSSKOCOEOH] COSKCCECEoEEEEES 


Tell endured 1 second ...jcccccssccceenes 


i lasted less than 1 40° e6eC8beas 
second. 


pa @osecce CORSHH ESE SOFC OGELETeREHEs, SeE80 SOCeCeHSSicee 


A shooting-star of ordinary CHTKSERESSKSeSEOlTHHSOKH eH decor seanenesecesecenr|e® Peeeosoeseessoant teens CCeeceleesers 0 PROC es eoeeseee 


appearance. 
Left a thick, yellow streak)...cccccsccssoclevssscsees Soevccenccsecececees ° 
for 30 seconds. 


Left a train 12° in length..|.........000e0 


Towards 7 or 8 hour of a 
watch-face held with 
12> vertical. 

cveccacecccccersesensecscececs Corresponds to Cam-jA, S. Herschel. 

bridge, 9° 56” 45* p.m. 


left a streak for 2 seconds|...... 


» tail or sparks | ererscnes|coseeeesevenses 
tail or sparks POs evcccoloceccceseteeooctes 


ssseccevececenccerscesoncevess|socccosececsesseoerseceoesenee! he CFUMpION. 


PesHSKcseo SCO Haonnsesedsegee] COOKED DSH OHHH ED EESOREHREEVES Id. 
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Place of Position, or 
Date.| Hour. Observation. | Apparent Size. Colour. Duration. Altitude and 
Azimuth, 
1863.|h m_ s | 
Aug.10 9 57 40 Cranford (Mid- Brilliant meteor ecolecedosetoesecccnse CeCOEsededeeedeace From & Lyre, 
p.m. dlesex). of the way to | 
Serpentis. 
10| 9 57 45 |Hawkhurst ==2nd mag.# ......]...0000 scscccccecslocccersccccseccees(erOm w Urese Ma 
_| p.m. _ (Kent). joris to « Bootis, 
10] 9 58 p.m.|Greenwich Ob-|=2nd mag.« ......[Blue .........(1 second ......jFrom p Coro 
servatory. towards the 
horizon. 
10| 9 59 p.m.|Euston Road |=2nd mag.# ......|/Bluish .........|sscoosssssesessees/ ACTORS 6 Herealis, 
(London). ms | 
10] 9 59 15 [Ibid.........004./e2 2nd mage ......(Bluish .......[.. sessssvevsccres{Across 6 Herculis, 
p.Ml« 
10 9 59 27 Cambridge Ob- = 3rd mag.% PYYYYTULILIC Tere tr SRocccnecesvenaese Commenced us 
p.m. servatory, W. from S., alti 
tude 41°. 
10/110 045 /|Hawkbarst > Ist mag.% ......{Orange colour]! second ...... From 3 to 1° unda 
p-m. (Kent). | 12 Lyncis. 
10/10 0 45 [Ibid .........00....[>>1st mag.# ......(Orange colour|i second ......[From $ (0 Lynct 
p.m. . éb Cameloparisl 
to 243° over 
Lyncis. 
10 10 0 55 Cambridge Ob- == ]et TIA .¥. cdsvcers ebdebdeboeddvecssalas Cnecsecesenetese Commenced ali" 
p.m. servatory. W. from S§., alu 
tude 42°'5. 
10 10 0 57 Ibid COSHH oa seco eer (aad SHOTS HHS THHOCOSSTee TO FHHHHHOEESTESS OSI ace Conca dnesegsealeececcensencserersserse 
p.m. | 
10j10 1 p.m.iEuston Road [22> @ Lyre...ccccss|essete:sesscesees|scaneene secsoee,..(From ¢ Lyte, be 
(London). tween (C,F) Her 
culis and & 
degrees further. 
10 10 1 12 Cambridge Ob- =2nd mag.* SdCooolesccnccenessheerac ever Coveveeaeaegse Commenced or 
p.m. servatory. W. from S., alt 
tude 36°. | 
10/10 1 30 |Greenwich Ob-|=« Lyrw............\Very bright [1$ second .../From«Lyraa 
p.m. servatory. blue. eHerculis, and 
or 8° further. 
10}10 1.57 |Cambridge Ob-|=2nd magew ...c0.]-.sseeeeeeee ssssesfecrssesensesseee.(Commenced 322 
p.m. servatory. W. from S., alti 
tude 42°. 
10/10 2 p.m.|Hawkhaorst =to Sirius .........Orange cblour|l‘2 second ...|To % Cygni frod 
(Kent). g Lacertz. 
10110 3 p.m.jEuston Road |Meteor==to Venus |...cccccscssesseeeles sescscecsvoseeee{From @ Pegasi 4 
(London). « Equulei. 
1010 3 45 Hawkhurst ex 2nd MARR ..cccsfeccccece eacbocces PIYTTITT LTT TT TTT Centre at = Lyocu 
p.m. (Kent). ‘ 
1010 4 6 (Cambridge Ob-|—= 2nd mag.e ......J.csssseceeee bevsceleeee sececasesseee {Commenced 211° 
p.m. servatory. . W. from S., ati: 
tude 26°. 
 LOLO 4 20 [Ibid ........ec00cce] = 2M MATH ...cesleccerreoeees ssossslescesossetevecee ee] Commenced 1/5" 
p.m. W. from 8., alt 
tude 28°5. 


i ee 
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Direction ; noting also 
Appesrance ; Train, if Train, if any, Length of | whether Horizontal, Remarks. Observer. 


SS TD 9 yee a TDS fe a OS 


: about 4 seconds Woo] eoereecedeccccelcasancredovecscsarneeededaseselteteodoscene COCOCreReODOderses W. De la Rue. 


train a sparks PPYTTITTITI LILI iiiirit) soensarceteeeesocerercevonouee OReCeEEOHreceESeosencecaebacse A. 8s. Herschel. 


train POY TI VETTIT TTT TTT 15° to 20°.. COCs een eased eneseessessvescccs EEAHODSESHLESEHOEE DE LOOS SEEDED WwW. C. Nash. 


™ os loug as the Wible)..crcossecsects If to 3 Herculis eaevoce Two meteors, both alike, T. Gramplen. 


and following precisely 
the same course. 


i as long as the visible seoseesassesete P to 3 Herculis SeetOsecoleossceds Coseeodobione Id. 


Sccceecene POT TTTYTITI TTT TTT TTT) Towards 84 hour of Blo vcceveascccncconccccccesssocs J. C. Adams. 
watch-face held with 

125 vertical. 

0 tall or sparks left Coccee| Tere Pe ebsccccclereteseresssessececcsnece Se eaalssecsssonsseescessose Oeccetens A. Ss. Herschel. 


0 train Or sparks left coelerecccsebaccovelece IYTTTILITCL ITIL Tiree iyeTd (PIP TTI IrririyiritTy rrr t yt Id. 


$80 coe nce SOS RPS ederetososocens eoeseosedeoccoss Towards 9 hour of Conc edbeleeeraaaneseteedinagees James Challis. 
watch-face held with 
12 vertical. 

-star of ordinary CoenaocebesesenseceeneeOSeedbesesvones Cee necege SeeHOberneovesersecoagnsesocties PYTTIISTYTIVIITITITT YT) 


appearance. 
train endured a short COP PRED HSE HEEL SHHOOHS OR OHO ESOHEHRE Cee ESS RHEL SEEHABS OH ae COKCErEEEReresdeee T. Crumplen. 
time, 74° in length. 


©0890 DOE 00050600000 PORSCHE ETOOE CORR ECR ODE FEELS Towards 5 hour of a Coeeodevarverosasse Scedeseders G. Plammer. 
watch-face held with 

12* vertical. 

A train endured 1 or 2/35° to 40°.. COKOHOK SHES HGeresces Hovncgene!/ CPP edeeeseclBdesacesace eeGoee W. C. Nash. 
seco 


Lef® a laminous train eecleccccccasccctes Vertically downwards... CEOS ere seedendessesOSentons G. Plummer. 


The luminous train en- Beco vecenscce|coceensennesecenecsceuccce cove[eseccccevectccesssccscesensees|A, S. Herschel. 
dured 8 seconds. 


MAO So eCHeSTSEHEOSS SelOSHHEHHGccclesseresOBevecearfiosce SCHOCHHSOOSOFEHO SOOKE res rae CEOS OSHS TOPE eedEFavenessdénne T. Crumplen. 


re oS eo eeSOeSSOSSSsocehorscSSSons 6° CObcceses Directed from Capella... POocedaccsonsoessHsecaresnbrnes A. Ss. Hertechel. 


SCRHSOHHOTHGOSHE TH TEHOSEHHSEETOES Ceos ERs LEORLEEOS Towards 8 hour of a wenes Ceoesecece SGeltOnesoesses J. C. Adams. 
watch-face held with 
125 vertical. 

ft a luminous train .. coccesceee(LOWAIdS S$ hour Of A...srcececssccsscscecescsones|[ Ade 
watch-face held with 
125 vertical. 
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. Position, or 
Date.| Hour. | of ®2of | Apparent Size. | Colour, | Duration. Alsinde and 
Azimu 


1863.| h m 8 
Aug.10 10 4 30 Hawkhurst : =2nd mag.* eecaee Yellow Seoleticveeesovoggssvcnece é Lyncis to 1° 


p.m. (Kent). of @ Ure M 
oris. 
10 10 5 p.m. Ibid seesecesecasces| =e tO Sirius Ceovccees Orange colou: 13 second eee Prom 6° below 
to 3° below 
; . ' Ursse Majoris. 
10/10 & p.m.iGreenwich Ob-|=2nd mag.# ......|Bluish white.../1 second ....../From o Urse M 
servatory. joris beneath Ur 
Major toward: 
horizon. 
10110 5 p.m./Hawkhurst = 1st mag. ......\Orange colourj!*3 second .../From 6° below 
(Kent). to 34° below 
Ure Majoris. 
JOO 5 45 [bid ceccessseeeses [= tO Sirius ...... ...(Orange colour/]*2 second .,./From ¢ to s Ceph 
p.m. . 
10110 5 45 Ibid ..........s.e0.|==to Sirius .........,Orange colour/12 second .../From ¢ to @ Ceph 
p-m. 
1010 6 6 [Cambridge Ob-j=Jst mag.u ......[ereccescseeseess oslessecsccorsesee..[Commenced 34] 
p.m. servatory. W. from S., ali 
tude 49°. 
1010 6 15 (Hawkhurst =to Sirius .........(Orange Colour]..,......0s.00....(erom @ Herenlis | 
p.m. (Kent). @ Ophiuchi a 
5° farther. 
10 10 6 35 Cranford (Mid- Brilliant meteor eenjcees Od OSerecoeses oecece wee ° From t (y Sagitt 
p.m. dlesex). 3 Delphini) 
t (x, A) A 
tinoi. 
10/10 6 46 {Cambridge Ob-|=Ist mag.t ......[ecccccorsensesseeele scsessssceoeseseef Commenced 5° V 
p-m. servatory. from §., altita 
31°'5. 
10 10 7 30 Hawkhurst = Ist mag.# @esoer White soceenner| peccenessgneetees From t (B, B) to 
p-m. (Kent). Andromede. 
1010 7 30 = jIbid.............00.)=toO Sirius ......... Orange colour|..........000 secee(From 3° before 
p.m. to 3° beyond 
Andromede. 
10}10 8 p.mjEuston Road |=Ist mag. ....../Ruddy ........./1°5 second ...[From g Lacert 
(London). to y Delphim. 
10/10 8 p.m./Greenwich Ob-|Very brilliant; =|Bluish ......... 1 second ....../From 2 Androme 
servatory. 1st mag.#. across y Pegas 
10/110 8 p.m./Hampton (Mid-|=Ist mag. 3 Very).........scscecersfoeee ccscsscceseee- [From ope 
dlesex). brilliant. . to » Cygui. 
10110 8 3 |iCambridge Ob-|=2nd mag.« ......|. eeecseeeeaeaes sosleocssasseceeses+--(commenced So 
p.m. servatory. W. from S., al 
tude 42°°. 
10110 8 30 [Hawkhurst Tet Mae cssceslecesssccesensees ..|1°6 second .../From § (« Lyr 
p-m. (Kent). 8 Draconis) scro 
Herculis to 
erculis, and | 
er. 
10 10 8 46 Cambridge Ob- SORVSHSEHESHS SHORES HSESTH HHS SHHRHSC ETH ORES $IUFGHRFTSEHHSOHHSOE Commenced 2 
p.m. servatory. W. from S., al 
tude 74°. 
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Direction ; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 


Remarks. Observer. 


SHTHLEHHTCESOHTETOSLOEH CESSES Corresponds to Cam- A. Ss. Herschel. 
bridge, 10" 4™ 20° p.m. 


Directed from 5 Came-|,,........cccccccssvecscseeces|IGe 
lopardali. 


OOSOOSHS OOOO LOCOHE SO RSTETESEDI oe 
ee8ee COSHH OK AOSESESEOSESEOCCE eoeseeseetedoce 


SEHSOHS ASSESS SSH SH SSES ESSE SHiggezqeseveseSSHesgegessesagecs W. C. Nash. 


L 


About 12° from hori- 

zontal. 
Ne train or sparks PTT TYTTarLirT rit yt tt) Directed from 56 Came- PTET TTTTTTTTriry Odes vecccecs A. Ss. Herachel. 
| lopardali. . 


4 leminous streak endured SOleeseesccaeses SeeteCesevocone coomeleeseeeeaneesesveseoenas esssece Id. 


train or sparks eeseseces 25° SLEACESEHIC® 


ssconecessccseelecees bevecqcevescesescs seoee.-(COFresponds to Euston|[d. 
Road, 10" 8™ p.m. 


- [Towards 4 hour Of alecccccccsccssosccccecscsseecss(sames Chajlis. 
watch-face held with 
125 vertical. 
secscecsccccceeeccescsscesees.(corresponds to Cran-jA. S. Herschel. 
ford, 10° 6" 35° p.m. 


aluminous train — .e.|...scece. 


\ 
inia 4 seconds; much/30° ......... 
| Mightest at the middle 


watch-face held with 
12" vertical. 


SOCSHCOHSCHH SHH EEHEHSE Ase ecloesceresesersenterseesvasesooene W. C. Nash. 


LOCO sere ee SECO SESH DOEHHTOEORS seen dneeenraeesessss ee eesseheee H. jemle Hum- 
8. 
Towards 4 hour of Bl crcgocccncccvcecececctecscces o. Plummer. 
watch-face held with 
12" vertical. 
seccsesevcessscsssseresceseess Corresponds to EustonjA. S, Herschel. 
Road, 10" 9™ p.m. 


a luminous streak Sto eSseesoenccosere 


Towards 43 hour of Y IPPYTTITITILITT TTT Pe James Challis. 
watch-face held with 
125 vertical. 


: 


= Ist mag.t occccas WO MISS @oecnceer eogeseeoqussooscons! 


(S Tan P 
niat., 0 Sen 
; pentis). 
1010 10 13 ,Cambridge Ob-l................ weeccccnleccccsceccsescreee|ecncee erecesscecs Commenced 58' 
pm | _servatory. | W. from 8. 2 
tude 63°°5 
1010 11 pm. Hampton (Mid-:Al MOGECOF 5 ..........2cecncee ecceees ecececoess. From 1° above 
dlesex). very bogie Andromedz 
4° below ct 
1010 11 25 Cambridge Ob- =Ist mage .....[ecsccesscsesccel cccscgeercoenr ed! Commenced 28 
p.m. servatory. | } W. from §., al 
tude 58° 
1010 11 30 (Greenwich Ob- >than Ist mag... Brilliant blue..2 seconds ...!From $ (A Andi 
p-m. servatory. 8 Ceph 
to 5° left of 
Valpeculz. 
1010 11 30 |Hawkharst A meteor brighter Yellow ...... ‘1-4 second ...|From 1}° right 
p-m. (Kent). than Sirius. Y Cephei to 
° (y Cephei, 
Cygni). 
1010 12 yeaa > than Venus atj...ccccssccessees 05 second ...'From R. A. 28] 
its brightest, S. Decl. 10° 
RA 277, 
Decl. 20°. 
1010 12 " on (MMid-| = Tet ming. 2.0...) eeccccccscscesees!, cesncereseecess-(From $ (A, 9) Di 
iy conis across 
| Hereulis, and | 
or 8° farther 
1010 12 36 oe brilliant ......}..cccocccceccscces 1 Peeeenaccevcosse. Passed between 
p-_. y Hereulis. 
1010 13 = caper to Sizius ....00...; tecaseses 4 second ...... From ¢ Bootis to 
| | pet 
10,10 13 20 isbech (Cam- jBright — aadmag- Blue .......-. 1} second =... From « Cassiopt 
p.m. bridgeahire), | _nitnde | | to T Cephei. 
1010 13 40 =3ed mag. weccess cae tse SCOSCYOODOCTS ggocearcorerse Peeve Commenced 3! 
pm. nervateey. | ; | W. from S., 
j tude 38°°5. 
1010 14 pm. Greenwich Ob-/=3rd mag.z ...... Blue ......... Lessthan Isec. From « Cassiope 
| servatory. ' | | to £ Andromed 
10 14 p.m. Euston Road |=let mag.t oec...,-cccscecseess-o0e OF second ...'Pansed betweea 
(London) ' and y Serpent 
1010 1418 ‘Hawkhurst [=o Lyre........... White ......... 1 second ......,From 6 to 3° sh 
i pm.  ' (Kent). | of ¢ Bootis. 
10 10 14 18 ‘Cambridge Ob- CCR COSSHOTESEOSHROEOSCLS  ecceasecesececerel ocencccoscccomeose Commenced 3]. 
| pm servatory. | W. from S., at 
| | tade 42°5. 
10 10 14 2% Ibid OOOO SOD 2 OOOO Se JoSoe Hd SeensseseegsdShSoe SOSOSSSH9S OSS CESCe cosgneseeoereretes Commenced 40° 
| p-m. W. from S., al! 
1010 14 40 [Cranford Obeer. Bright ippeared,¢ 
: : meteor .....- weseensecegvececss —— aeeesee ‘Disap clo 
pun. vatory. | to « Lyre. 
' 
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t 


Direction ; noting also 
Appearance ; Train, if any, path of | whether Horizontal, 
and its Duration. bh. Perpendicular, or 
nelin 


Remarks. Observer. . 


; eecseoevoccceseescece ve saerecses SOHSKCOHLS CHOSAHEISHHSOCEOHHPHEHOSAHSEHHSSEH HEH ger *ESOSOHREHOLEHSESOSHHSESOEEOCOS e Crumplen. 


MeeasegeeReSOCeseSSO age aeecgsege eeeeeeseosges eee Towards 43 hour of a eeregeseates COCK OFeEEECHOROES G. Plummer. 

4 watch-face held with 
125 vertical. 

nin remained 2 secands..|. SOSOHSSEO HHH HSE ceeSSHageeseg eel ASoeesESecegccclEHhEHeGetnconegeseeeseagesagdss H. Temple Hum. 


phreys. 


Left 9 luminous train 18° sccccsscccesees/howards 4 hour of a TUIIILICIIIrirriiri rie James Challis. 
| long. watch-face held with 

125 vertical. 

‘A fine train, which re-|, Ceoneveces SCoveleeoessseeenesaeses COCKS SEHHSLEPSHLSEHSOOES HSE HE REOCECS GEEeDe 


W. C. Nash. 
| mained visible 3 seconds. 


The train was OFANZE, ANA)-++...200se00-] eserssrcssccrcsocsseveresss.(COrresponds to Hamp-|A. 8. Herschel. 
lasted 6 seconds, in two ton, 102 11™ pm.; 
patches, being broken at Cambridge, 10° 11 

| « Cephei. 25° p.m. ; and Green- 

wich, 10°]1™ 30* p.m. 

‘Left a fine laminous train,|. POROCOOLEDESE Leseneegere de eS EO ROECEHSDROHOIOCHSSSHTEDELEHOEOTH EE SEESER DEE 

| which faded in 3} or 4 

| seconds. 


Sight train SHVSCODSSEH HES LSELTOHHPHCOSESH SEC eceeSeTdhepeseeneelSaagheagqges PPYTTTTTTTTTTTT TTT Titty H. Temple Hum- 
| phreys, 


Left . bright train for 4. COCHSK COSHH ESS TS Ser ESE SEEKERS EDESHEHEECEH ESS POTS Soe QEREseCegereeeys Gtdove WW. De la Rue. 
or 


a white train for 24 SOCSEOHSESEH SSO LS CEOS oS ST HStSESOHHSHEBSOSOECHS 108 §™. p-1. lightning oriW. H. Wood. 
seconds. meteor-flash; clouds 


increasing. 
l|stenveeneceevecteconssonsescccess SOROS OHERHO Dea LPSCOHSREOSHHECHHSERE RE CoCEROeDelscoesas CCgcroren SCsnvecereesece Ss. H. Miller. 
stecenencotssonecnaccccsccssceselecesceseceseoes| LOWRFUS SH hour Of Al. crccccseccosserseosscsscoecee(G. Plammer. 


— watch-face held with 
12" vertical. 
No train or sparks eeescenne 12° OHSS EeLES* SHEESH SSSHSCHOHEHESH HO HHHMH OSI eLEese8E OOCOCSH Rea Haneesengees 


leagh. net 8° IM] ccovcccnconcens PCOEOS CS Er OR RED EOE DEROOS Kgs ceri sceteseransceee sooner eayedcos 


Left a trein POCHSSCOHSSESEC OKC eg aeTESCOoeeeshecsene| esas SOOO eee OSHS SHESHHHSHHAOHET ESC SHOHSSCSH eH SEHSEHHEDEESODE ELE 


ett LIEILIL I IITTYI TAT TTT TiTir Ty YYYT ITY TYiri ts ‘owards 3 hour of Di voccqcncccqnececsccccvovonses James Chahis. 
watch-face held with 
12 vertical. 
Left a luminous train......|...cccccsscees/Towards 5 hour Of al.ssscocssscosssseossseeeseceoe|Ge Plummer. 
J | watch-face held with 
12° vertical. 
no train, bat illumi- sovecceonceesce|FEOM n Cassiopeia COtccer ..|Probably brighter at/W. De la Rue. 
hated the heavens con-/ the commencemen 
siderably, of the track which 
was not seen. 
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Position, or 


Place of 


Date Hour. ° Apparent Size. Colour. Altitude and 
Observation. Azimuth. 
1863.|h m 38 


Aug.10/10 15 48 |Wisbech (Cam-jBright ; = to 2nd|.cccccrcassosccees From head of ( 


p-m bridgeshire). mag. pheus to « Cyg 
10/10 16 p.m.) Weston - super -/=to Sirius .........| White ......... ../Prom 1 and 2 ¢ 
Mare. melopardali to 
Aurige. 
10)10 16 p.m./Hawkharst ZN MAZH ..coce|sscsccvecsccccone|vosserses ccoccssee| FFOM 8) Cn 
(Kent). to « Lyre(centr 
and 12° beyond. 
10:10 16 14 (Cambridge Ob-|=3rd mag. ...,..|...ssscccssssseses|eosoeecesevecseee (Commenced 35 
p.m. servatory. W. from S., ali 
tude 42-5. 
10}10 16 30 |Hampton (Mid-|=Ist mag.* ......[....... Sececsevseele seccesssessecceee(Erom $ (0, P)C 
p-m. dlesex). melopardali t 
Ursx Majoris. 
1010 17 p.m./Euston Road |=Jst mag.+ ...... Ruddy and |I1 second ......|Prom § (« Delphit 
(London). white. y Sagitte) to. 
Aquile, and | 
further. 
10/10 17 9 |Cambridge Ob-|=1st mag.e ......|..scesceesecenees .|Commenced 15 
p-m, servatory. W. from 8S. 
10}10 17 14 [Ibid ....ecsee..000/= SPO MAG H uceslecsceseseereees on ree Commenced 33! 
p-m. W. from S., al 
tude 51°. 
10/10 17 15 |Hawkburst >than Jupiter .../Orange colo (From « Urse M 
p.m. (Kent) . joris to 4° over 
Ursee Majoris, at 
8° further. 
10)10 18 p.m.iGreenwich Ob-|=Ist mag.# ......|Blue............{Lessthan 1 sec.|From Lacerta 0 
servatory Cygni. 
10/10 18 p.m.|Hampton "Mia. Large meteor; |..ocer..ssssssesefeccsoceseseseereeef Fromm & Cassiopti 
dlesex). > Ist mag.+. to} @, ei Pepe 
10 10 18 50 Cranfo Ob. Very brilliant me-!. eosece Coecese/ poaseceeesesegnses ppeared 
; p.m. servatory. teor. Cygni; 
ron BOE 
to x, 9 
and Sen! a 
. beyond. 
10/10 18 54 |Cambridge Ob-|=Jst mag.# ......|-... sesessesseesee|oorsessseseceseees (Commenced 4° W 
p.m servatory. from S.., alt. 54 
10110 19 p.m.|Hawkhurst =to Venus ....0...|White .........(1°5 second ...|Prom 4} (9, ¢) 
(Kent). conis to & peil 
of the way ¢ 
wards 6 Herculi 
10/10 19 p.m.j/Euston Road |Much > Venus .../White ........./1°3 second .../From a point | um t 
(London). a point ¢ of 
distance i 
« Hercalis (0 
. Serpentis 
10/10 20 p.m. Weston - super -|=2nd mag. ....../Blue-white .../1 second ....../From om oe Herealis t 
are. 
10/10 20 30 |Hawkhurst =2nd mag. .....-].. sseceecceeeees.(O°S Second ... Centre at b Lyncis 


p.m (Kent). - 
10 10 20 30 Cambridge Ob- =lIst mag. AOCoeeelOSFe er SSSSEHoEHSSSSITERSSOHSESES SOSH SEES OO 


p.m, servatory. : 
tude 47° 
10 10 20 45 Cranford Ob- Bright meteor @eesagateovecsa SCHSHHSSHSCHT  2eeHsSgessegsHegsege From é Ursx Ma 
p.m. servatory. oris below iCa 
nes Venatici. 
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' Direction ; noting alto 

Appearance : Train, ifany,| Length of | whether Horizon 

and its Duration. ” Path. Perpendicular, or. Remarks. Observer. 
nelin 


POOH CORO sD e ese cen eGesercetoscdonelGOnrrewelessocccsnnegsedeneeseletenecne Ss. H. Miller. 


rain endured 13 second H COR SSOHOHOHRO DE CHeeOPegeeMecretaceeverseses SCeloeeesoveereeteseselStocacsee e W. H. Wood. 
white. . 


Letseaceccccacccccececveces vccceclecccsevcsccecce| POWRIAS 44 hour Of al..ccocccccsccssscssccvarseeecs J. Plummer. 
watch-face held with 

125 vertical. 

Left a short train ROSCCEHOSOTEOCOTOD OHHH OESES/ HOHSORCES COCORHe eH EHH EEE EEDEee sees reruryy e@acnsee eeeeesetace H. Temple Hum- 
phreys. 


PPOCRS SCC EHESHETOOH OES CROC OS OHS HSS LOOK eK EHH SSSESSH POSH OHEHESES SHE HSEHOH SEH eansdelrseneenresseesnconeneaseessany T. Crumplen. 


wieeccccccccnscncescs tcevccccsccleccsscceseees../Lowards 44 hour cf a|Time doubtfal............/James Challis. 
watch-face held with 
125 vertical. 
CPO OSC ODe SOs COTE SECO OEE OOTOS ESE oapesendoreseen Towards 4 hour of A] cccccecevencscecececedececces Id. 
| watch-face held with 
125 vertical. 
bad divided into two parts; COD es DOSHS DEO HSEISOF ETO DESHEEHH OSH CESET HEED er FORSHEE He DELEEHSERESSEHESAESES A. Ss. Herschel. 
a patch at y Urae re- 
mained for 6 seconds. 


A train remained for l PY TT TITIES LIKI IS iii erieery) SOKREOROKSCETEEOEESP ERDF Ss W. C. Nash. 

| second. 

‘Left a train for 3 or 4 COOSCOHeESSHO SSE OOROSHSEOSOCOES ESTERS OHH SHES HDISEHHHSEOHH HE EHESESHSHEHREHEDE® H. Temple Hum- 
. seconds. phreys. 

‘Left a bright train visible OI ee W. De la Rue. 


A beantifal meteor, emit- COMEREDHO SEES TE! SOCOHOEEEOS EDS ere DESEO LOE DEEL SOSenersrnresseressOEs: seesens T. Crumplen. 
ting a brilliant light. 


Left a white train for 1 
second. 


Left a train for 2 seconds..|7° eo b Camelopardali...|.........-ccssssessssseeceseee[Ae 3. Herschel. 


A nearly stationary flash...|................ Towards 9 hour of al.......... coccecetccscassceese James Challis. 
watch-face held with 
125 vertical. 


cece eee dhe LTT Pe Cre W. De la Rue. 


POHHOSTES DHSS OLOOSEAHAHOEHOEETESHSSHH HTH GES He OHHOHER Ode as HSHTSC HESS FOREHTES W. H. Wood. 
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| Place of Fositicn, 
Date.; Hour. | Observation. | 4Pparent Size. Colour. Duration. Altitnte 
__ : 
1863. | h m 
Aug.1010 20 58 [Cambridge Ob-|=2nd mag.# ......1....ccscsesseeees mmenced 
p.m. servatory. W. from S$, 
tade 37°. 
1010 21 p.m.'Hawkhurst =1st mag.* ...... ..-,To 3° ma 
(Kent). elo 
halfway 
Canin 
10 10 21 8 Cambridge Ob- =2nd mag.# OOdaseleneesereorsaesscesslese COS aver ensseses From a . 
| p.m. servatory. | @ Cygni. 
1010 22 43 [Ibid ...........000 sSrd mag. oecss.|.ccsecesceecnes on oe sevecesceee Commenced 
p.m. W. from A 
tude 43°45 
1010 23 p.m.|Greenwich Ob-|=3rd mag.# ...... Blue .........|Lessthan l sec. Between And 
servatory. Pegasus. 
010 25 p.m. Weston - - super -|=2nd mag.« ......(Blue  .,......./0°5 second. ...'From 8 Bosti 
x Mar Serpentis. 
010 25 22 Cranford Obser-|=2nd mag.# ......)...cseceee sesseaccfeceece sveseeeee.tFrom e to af 
hee vatory. 
O10" 35 15 |Hawkhurst =2nd mag.# ......)... ceescsetccccess 0°8 second ...jOn a_ lise 
p.m. (Kent). & Uns to 
Caroli. 
to 14 
the latter 
1010 26 p.m.|Weston - super -|=Ist mag.#.........(White, thenj0°5 second ...!From hes 
Mare. red. Major to 
of Lyn. 
10,10 27 p.m.|Weston - super -|=2nd mag.# ......|Blue ......... 0°5 second ...\From Cor 
Mare. . 
1010 27 30 |Cranford Obser-|=2nd mag.# ......|... sstceaseccaeess Motion ex- (One degre 
p-m. vatory. tremely slow.| «,+ Opti 
‘ extensive 
1010 28 16 |Cambridge Ob-|=3rd mag.# ......|.... TT Te eee seeccscerecs 
a p.m. seryatory. . 
10 10 28 49 Ibid seratgeosesoueae =2nd mag.* POCTOO goasesssnssseSss SOC esoesraeeeseanes 
p.m. 
1010 29 p.m.|Weston - super -|> Ist mag.# ....../Yellow ...... 1 second ...... 
' Mare. Lo . 
1010 29 17 Cambridge Ob- eugenne eeoocsecaces @orerieee OSC anet HP SOrsarigsaaseavsene aecegefecceoceer 


p-m. servatory. 
1010 29 25 


Cranford Ubser- 
p-m. vatory. 
1010 29 56 (|Cambridge Ob. 
p.m. servatory. 
1010 30 45 |Hawkhurst 
p.m. (Xent). 
1010 30 47 (Cambridge Ob- 
p.m. servatory. 


=2nd mag.# 


=3rd roag.« 


| 
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Direction ; noting also 
Length of | whether Ilorizontal, 
Path. Perpendicular, or 
Inclined. 


Angearance; Train, if any, 


| and its Duration. Remarks. Observer. 


ee CE ee | eS CS Ce 


ee __ 
a laminous train......|.... eoccceccees Towards 4% l.our of &..........c.ccccccsecsceeseess(0. Plummer. 
watch-face held with 
12® vertical. 


PYY CORPO SLE A. 8. Herschel. 


watch-face held with 
12® vertical. 


FOOSHS ER aSEHeoeleestStenasene eseeosecn Steeetes 


wo small meteors pur- 
tued parallel courses. 


/ 


W. H. Wood. 
W. De la Rue. 
A. S. Herschel. ° 


12° ...200.../25° to left of perpendi- 
| cular; down. 
iS train or sparks .........{-.00- secsccece Parallel to «, « Ophiuchi 


W. De le Rue. 


SOCHCHCSESSOSSOSSCHEHSSHEODESLER CE 


J. Plummer. 
watch-face held with 
125 vertical. 
Left a short train ........./... scscovsceee.(LoOWards 52 hour of a 
watch-face held with 
12° vertical. 


-\James Challis. © 


--|W. H. Wood. 


eeceeeSesesvegseesoveneseses 


e SCOHSHHOSHSSOHHSHSSE OHSS OHSHSSES! . 2 geeeeseneesesesaees 


W. De la Rue. 


peocsacevorsoseocronscersccnssseric SO eee OOO DOSS dlocceseSOSodeccesOSCOPnassecenns CeKagosesesensseeUsHghassseore® 


Isso sascscescscccsccence Coovtcscorlavesseanecesere Towards 4 hour of a J. Plummer. 
watch-face held with 
125 vertical. 


La a train for 1 second...|............00-].0. seeecceteceseccevevcesceses A. S. Herschel. 


secceccesseses./Lowards 4 hour of a J. Plummer. 


watch-face held with ; 
12" vertical. 


co eeneoeecn see eee COS KSeeeereavar eneeoSSSneccnasseSSStoseagatres 


v2 
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Place of | | Position, or 
Date.) Hour. Observation. | APParent Size. Coloar. Duration. Altitude and 
Azimuth. 
1863.;h m 8 
Aug.10)10 31 30 |Hawkhurst 1 second ......|From } (¢,») Cy 
p.m. (Kent). $ of the way 
« Aquile. 
10}10 31 32 [Cambridge Ob-|=2nd mag.# ......|.scsccosscees seseabecees seaenesenes ..\Commenced_ 1! 
p.m. servatory. W. from S.,4 
tude 57°. 
1010 31 57 |Ibid......... vooeee| 220d MAZH cseeeeees sesescceeceecceleoees besecceeens ..|Commenced 3) 
p-m. W. from S.,4 
tude 30°°5. 
10,10 32 28 [Wisbech (Cam-)= let mag. .....0 sccccceesecee-(2$ seconds ...[From 4 (7 U! 
‘| p.m. bridgeshire). Minoris, Y } 
conis) to } (8 
Bootis. 
10/10 33 18 {Ibid .......0cceeess =3rd Mage ......[e0e vaccscesececses|ececees oo cccoenees From ¢ to « D 
p.m. conis. 
10/10 33 25 |Cambridge Ob-|=2nd mag.» ......|..... eeeveccscceeelasccoes Seeeeeeeens Commenced 3 
p.m. servatory. W. from S., 4 
tude 375. 
10,10 33 29 [Ibid ............00 =2nd mag.® ......]...04 beereesseces|seesees deseeseeene Commenced 3 
p.m. W. from S.,4 
tude 45°'5. 
10/10 34 p.m./Hawkhurst == 2nd mag.® ...... White ......... 0°8 second .../To « Herculis 
(Kent). 5° further, 
way from + D 
conis. | 
10}10 34 p.m.iGreenwich Ob-|= Ist mag.#.........,Blue  .........{1 second ...... « Cygni to B Cy; 
servatory. | 
10}10 35 p.m.|Ibid .......... sooee| = 186 MAP.¥..0.0000. Blue ....00..-|1 second ...../From @ Aquiz 
the horizon. | 
10110 36 p.m.)/Hawkhburst = 2nd mag.e ..40..|YELOW — coesee|-seeves Svasseneees From 10° to | 
(Kent). beyond Arctal 
on a line from 
Ursse Majoris. 
1O}10 36 45 Ibid ......ss0..c0 = 2nd MOQ cecceclrececscccersvccce|ooe »»-{From « Draconis 
p.m. @ Bootis and 
further. 
10 10 36 55 Cambridge Ob- COC OESORESOSSOEOOHOOO SES! . png gpeeeesSeveSSelonesornd COCK oH SARs pogesrenseser’® « 
p.m. servatory. 
CCU Y Ae Ga | (5 ee os 0 soossesseeeeoase{ Commenced 299 
p.m. W. from S., al 
tude 55°°5 
1010 37 8 [Wisbech (Cam-|Bright meteor, =)..................[. etvenstecessees ..{From # Tarrandi 
p.m. bridgeshire). | 2nd mag.«. O Camelopardd 
10:10 37 55 {Cambridge Ob-|=2nd or 3rd mag.x..... svevecelscsccecccsees seees[Commenced 27 
p.m. servatory. W. from S., 
tude 29°°5. 
10|10 38 15 [Wisbech (Cam-|= lst mag.#.........!\sescsssssteccsssslscseees sesenaserse From 4 (N,Q) 
p.m. bridgeshire). [7 - melo l 
Urse Majoris. 
10/10 39 4 |Cambridge Ob-|=2nd mag.# ..... esssonensleceeeseees desseoes Commenced 40° 
p-m. servatory. W. from S., al 
| tude 31°. 
1010 39 20 [Greenwich Ob-}=2nd mag.® 4.0... Blue  .es.0....|Lessthan lsec.|From « Corot t 
p.m. servatory. | wards the we 
: horizon. 


ee 
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Direction; noting also 

Appearance ; Train, ifany,| Length of | whether Horizontal, 

and its Duration. Path. Perpendiculer, or 
oclined. 


Heh a train for 2 SOCONGS)......ccccscscslassecscscccvecccesvecccscsesssls 


{. sscceecae PER PTYYITIISIIPT ILI IT Toe) Towards 74 hour of B)cces Coneen CoeceeOSSecnsevens (Ve 
] watch-face held with 
} 12® vertical. 


Brseeesee SFooecsasseaesGaneeseeee 


watch-face held with 


PTISTIST TTT ITI TET ITIP ririiiviriirrrTiriririviiririirty) POeODesesrre YT IV IT IETT YT iTT Id. 


weesesenses Cr OL ae Towards 4 hour of Bl cccvccccscccccecoccceceseenecs J. Plummer, 
watch-face held with 
12 vertical. 

L. ooene POREMOEHSCESE ETC ESCEEDOEESElscosoccnccneeree Towards 5 hour of a 

| watch face held with 

{ l ° . 

eft a fine faint train for SOS RHEOEHC CC CErI coe eer... 

' Tsecoad. 


SOCHHOHSEOHEHEHHSHESOHOSCEHHHHE OS Id. 


Corresponds to Cam-jA. S. Herschel. 
bridge, 10% 33" 29° 
p.m. 


! 
| 
Teh a luminous streak ete 22° VhSeveoselesevedsceooeeceesscens eeovecece 
Left a luminous streak eo0e 25° SOHSHHSSSHTSESAEHPETHESHSEHESHEOOHEHECACHOH SERS 


je train OF Sparks ...cccc..[eccccccecsccreslesscsvscsssccvccessvessesceses 


COVSKEHHO HEHEHE OD ELERECCO RECS W. C. Nash. 


SCOHSOSHLEH HSE SPESHESHEEES SEES Id. 


COSSODeoSeeeeeseereeesesoggads A. Ss. Herschel. 


COSOSCRESEHOHSCESHCESEHOUSACHEES Id. 


a train for 1 second... SSOCSSHOSSHOSHSSSTSSSSHSSSHORHHE HOKE HEHSHeDE HEED 


Shooting star Of OFdINATY]...cccrccrvescs|ecoeceees beeererscenscsecseecs 
: appearance. 


COL HSSEHS SESTOSCEEHSEHSHSTORH HST og egeseersSEshehgneser 


eee eeosoge SCOSCHOSHOSSSSSSHSSSHLHHHS[SHSSHE SH ESECO SS Towards 4 hour of a SHHSHSHHSEcHSHEFOFo EHO SEREOEOS J. Plummer. 
watch-face held with 


125 vertical. 


SOKSHCOHKS RC EHSHHHHHRTSOHOeEREEE s, H. Miller. 


cvccccccercreccceccsccccsessse(games Challis. 


12° vertical. 


2062 FOSOF 9S EEOOOSODSEHOESEH S| COSEOTHOSSEOOOSl a cgenncccroccsgneeseegngseeoseen 


COP eOOEEESE HHSC OECSEL SED EHEOTE Ss. H. Miller. 


EIT TTT ILI IIIT tTyirrriil Tir ter PTYTYTTTTTiTy i Towards 43 hour of Bl evccccnccaeccocesseescecaccenslensegaaectesonsenecne 
watch-face held with 
125 vertical. 

‘Left a laminous train...... 20° CeCe sOoeelesase PPUTTTITITITITETTTTT TTT Dt W, C. Nash. 


xO 


30° from horizontal. 
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' 


Position, or 


Date.} Hour. Oba. Apparent Size. Colour. Duration. Altitade and 
zimuth. 
1863./h m s | | 
Aug.10)10 39 40 (Greenwich Ob-|=2nd mag.s# ...... Bluish white...!1 second ......,\Ona line through 
p.m. servatory. « Herculis fro 
a point below a 
10/10 39 47 [Cambridge Ob-|..0.....cccccccsssccccelsosersccarescssssslesepepeseeeseaeses ‘Commenced 28: 
p-m. servatory. W. from S., alt 
tude 30°'5. 
1010 40 p.m.|Hawkhurst =2nd mag.# ...... Yellow ...... 0-5 second .../From wW to } (1! 
Kent). Cephei. 
10/10 40 20 |Cambridge Ob-|=2nd mag.# .,....|....cccccseossoceslasceeees weseseeees Commenced 32! 
p.m. servatory. W. from S., ait 
tude 46° 
10/10 41 p.m.'Southsea (Ports-|=3rd mag.# ......|White ........./1¢ second ... From B Equal 
mouth). to % (« Antine 
« Capricorni). 
10,10 41 24 [Cambridge Ob-|=3rd mag.w ......|..ssosssseecssececlesscees beeneesees Commenced 94° 
p-m. servatory. W. from S., alt 
tude 55°. 
10,10 ‘I 30 |Hawkhurst = 3rd mag. ......{YeHOW ....0.]...scccsceceseoeee (From pto Coron! 
he (Kent). and as far again 
10 10 a 30 Cambridge Ob-|=3rd mag.t ...005|.....ssesssessssoeleceeessesevsseorestCommenced 41° 
servatory. W. from S., ait 
tude 41°°s. 
san 41 40 |[bid .....ccceccceee] = 3rd MASH ......]...ccecescescessesfececeeroesceeseee Commenced 27! 
| W. from S., alt 
tude 32°°5. 
10}10 42 30 |Greenwich Ob-|=2nd mag.# ......|Blue@ ss... l second ....../From  Ophiad 
p.m. servatory. towards the 
; horizon. 
| 
10/10 42 50 (Cambridge Ob-|—2nd mag.« ......|... Leceeeceesssces[eeeeseeceesenseses Commenced 10° 
p.m. servatory. W. from S., alt 
tude 52°°5. 
1010 43°30 {Hawkhurst =2ad mag.* ...... Red ..... eeeeees 1 second ....../On a line from 
p.m. (Kent). 7 Ursse Majorist 
Arcturus, {ret 


7° to 12° beyon! 
the latter star. 
10.10 44 p.m Wisbech (Cam-|Bright meteor; >!Deep blue ...|/1$ second .../From ”| balfway 


| bridgeshire). | Ist mag.«. { Boo 
40. 10 45 p.m. Fairlight (Hast-|Large meteor. Flash White, then ,3 seconds..... |Prome Aguile bil 
ings). of diffused light.| red. way between |, 
! Antinoi toward 
the horizon. 
10:10 45 45 |Hawkharst Meteor = to 8 X/|‘ Mauve’ - co-/2 seconds....../From $ (8 Aquilt 
pm (Kent). Venus. lour. e Delphini) (0 | 


(= Capricorni, . 
Antinoi), and ¢ 
further. 


O10 46 4 [Cambridge Ob-|= 1st mag.w......c0s)ccccocssscessceceleasesces deeveceess ‘Commenced 345 

| p.m. servatory. W. from S. atti 
tude 73°. 

0.10 46 46 |Ibid..... bececeeees = Ist mag.#....00...).cccee os nenteseestons eo ncacceoeeces, Appeared 233° oW 


tp | from S., alt.35° 
10 10° a P.fa. Hane Last 5° > Venus'Yellow. ....../14 second ...'To 1° above da 
(Kent). roelopardali 20 

5° farther, half 

way fromePersei 
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Direction; noting also 


Anpearanee; Train, ifany,| Length of | whether Horizontal, 


and its Daration. Path. Perpendicular, or Remarks. Observer. 
Inclined. 
ro seen e88 een OP SSE SSH sD DSO DSOCFE 12° eee 86eecen Towards W. horizon SeeleSeseoaedpegeeseaesG ans tSetegsre W. C. Nash. 
Posnea ves SOSeceese PSSSSSDESHESHEHSis as enssneseeSSe Towards 4 hour of a POS KoSFTOSCeKesesonesesaecesesese J. Plummer. 
watch-face held with ; 
12° vertical. 
Left a lInminous train ;|......000...00. sotcceneernseenes a sesccssesese Corresponds to Cam-jA. S. Herschel. 


broadest in the middle. bridge, 0* 40™ 20° oP. m. 
Left a luminous train ...|.....c.scccces. Towards 4 hour of Bi......sosccsccscccssesssecsces(Je Plummer. 
watch-face held with 
12° vertical. 
coavee SO ea SCOESHOOT FOSS ES SOO HHEOED | COTA AEOOEH OES HE e De HEE HL OEROHHHHSE ARETE EHTS HISOHESHOOHEHEEOTOOKaneotaesese W. Penn. 


-Seceeoneeveens Ahr Pee LLP e Pe Ter y PPTs TY Towards 7h hour of Be ecccrcvcvaccecevecescecsevene J. C. Adams. 
watch-face held with 
. ; 125 vertical. ; 
No train or sparks .........|...ccescaceee cclecccctcccscccccccces ++» Corresponds to Cam-|A. S. Herschel. 
bridge, 10° 41™30°p.m. 
veesevece coee ecacecsccccccseseesliscsesececeeeee/TOWSFGS 5 WOuUur Of aleoecsccccccccccscccveccccecvec|(ye Plummer, 


watch-face held with 
12 vertical. - 
seencwcencwecesccncenseccone coceel, sscccccccccces| TOWAFPAS 4 Nour Of Bl-cosccccescscccccccnsssevetens James Challis, 
watch-face held with ; 
125 vertical. . 
5 | | el ao seccesceccsveaseecssees|eoe deeasceeecereees ossecseveee| We C, Nash. 


a 


30° from horizontal. 
esnecccecnereoaseeaes ee vccvetecclescssecescecess/ LOWAFAS 4% hour Of alecesceee-ecesseeeseseeeesesceetSs Plummer. 
watch-face held with 
12° vertical. 
coccccccesseccvccccesscsseee[4 flash of lightning injA. S. Herschel. 
the same quarter of 
the horizon. 


No train or sparks ......... 


No train or sparks. Dis-|................ 
appeared behind clouds. 


Left a train for several|............cc-[ssssccsees seneecceecesces esses [tecceceesssoesenseees secevoes S. H. Miller. 
seconds, coruscant. 

Glubalar, leaving a perma-|.............6. Down the eastern edge|A permanent patch of/James Rock, Jun. 
nent train; afterwards of the Milky Way. light remained 5° or 
balb-shaped, with a 10°, onwards from ¢, 
short adhering tail. r Antinoi. 

Long streak 5 seconds.|...... seccseses|soves soesscece seccsecscceeeee (A luminous patch re-jA. S, Herschel. 


Patch 45 seconds. mained 45 seconds in 
the last 7° of the vi- 


sible track. 


Left a luminous train. ...|...... cocseseee/Lowards 4} hour Of Bj.......ccceccesseee senereceees J. Plummer. 
watch-face’ held with | 
125 vertical. ous 
Very bright  astationary|......coccscsc[sscssose-sescssceeces sascacees|ecceos evccrsteeences ocsseceees(d a3 Challis. 
flash. 
In the last 5° left & patch!.. eevee ascesse[oe seccessesscseeneeeasseeveee(TYain composed of alJ.F.W. Herschel. 


streak and a patch. 
Corresponds to Cam- 
bridge, 10° 46™ 46’ p.m. 


seae 
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D Place of , | postion 
ate.| Hour. Observation, | APparent Size. Colour. Duration. Altitude : 


1863./h m s 


Aug-10/10 47 p.m.|Hampton (Mid-|=to Venus .........|.. « cccssseceesece|scoccerecovecccess(From ¢ Al 
dlesex). medze to {| 
Pegasi. 
1010 47 20 |Wisbech (Cam-|=to Jupiter ....../Very blae......|2 second ......\From 4 (1 | 
p-m. bridgeshire). e to 4 (« 
Persei. 
10}10 48 p.m.iGreenwich Ob-|=3rd mag.# ...... Blue  ....0000-/ second ...... From 
servatory. dalus to s 
Majors. 
10:10 48 p.m./Euston Road (BrighterthanVenus)..............00.. 1°5 second ...|Prom near cAi 
(London). to near s q 
corni. 
| 
1010 48 29 [Cambridge Ob-|a:Ist mag. ssecs.[sssseescsssssesseefescnsesesconers ,..[Commenced | 
p.m. servatory. W. from S.. 
tude 23°'3. 
10 10 48 39 Ibid eescecceres Caen = 3rd mag.* ecenes cencvsnee COveeeres|ceceeeseeradcreces Commenced 
p.m. W. from §. 
tade 36°. 
10/10 50 25 [Wisbech (Cam-,= Ist mag.a ......[essseeees soseese (2 seoonds......[From § (1! 
p.m. bridgeshire). Majors," 
to » Boots. 
1010 51 45 {Cambridge Ob-| == 2nd mag.# .....,|.....- aseesecesnsefeceees sotecesceees Commenced | 
p-m. servatory. W. from S..' 
tude 21°. 
1010 52 p.m./ Weston - super -|Bolide 6 x as bright, Varicoloured [3 seconds...... From x Cased 
Mare, as Venus. to « Capri 


10 10 52 26 Cambridge Ob- =3rd mag.x PUTETTITICITIC IIIT it ir rrirTtriiiit rit ty Commenced $ 


p-m. servatory. W. from >. 
tude 67° 
10,10 52 30 |Hawkharst = Ist mag.# ...... White .........|...000 seseceesseee From 4° beet 
p.m. (Kent). Urse Mees 
$ (a) Dra 
and half 3 
| again. 
10/10 56 pmlibid......... sesso] meSrd MAS vesses|WhIEC ....sceslesseeseceseroeees (Prom ¢ Tne 
: | jor to 4 
Can. Ve 
| 
10/10 56 1 [Cambridge Ob-/—3rd mag.e ......|....+. seesceeceseels sesesseneeenses. Commenced = 
p.m. servatory. | LW. from 8-4 
| tude 42°. 
10 10 56 38 Ibid sneeee oeevovers =3rd mag.# esenaeiee SOBSenvestsaresesise eeteoeneanagce eee Commencet 3 
p.m. W. from S-# 
tade 25°> 
1010 57 p.m.Greenwich Ob-|—2nd mag. ......|Blue .........|1 second ......(Prom a poitt'S 
| servatory,. « Dracox * 
Bootis. 
10 10 57 p-m. Wisbech (Cam. = Ist TOAZ.%. .cccvces PO Sees eoeenssonassiseseseseveserterees From & Casnt 
bridgeshire). to 9 Une} 
poris. 
ee es a ad 
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Direction ; noting also 


Appearance ; Train, ifany, Length of | whether Horizontal, 
and its Duration. y ath. Perpendicular, or Remarks. Observer. 
Inclined. 
a train for a few)........... ccee|scoveresececcesseces possess cos lesrscnensoes ceevereesecsveceee H. Temple Hum- 
phreys. 
t. Left a train}............ cccleccecrecsevevecses eccsecssecesleveces bovesecneses eeeseseeese (90 He Miller, 
for several seconds. 
a slight train ...... oo. |About 25°..01,...2000e0 Cenccveceeeevcecsserlecesenes seecseccescvesccccseee| We GO. Nash. 
streak remained nponi........ seerees|sccevescveccesevesce ..|(For a drawing of the/T. Crumplen. 
the whole length of luminous streak, see 
the path, Near the Appendix. 
end it was seen four- 
| and-a-half minutes in 
an opera-giass, curling 
| wp and fading gradu- 
\ aly from each ex- ; 
tremity. 
bet lninons train......}...... scoscccse| LOWards 5 hour Of &Al...ccocscsessers cscocsssseess-(Je Plummer. 
watch-face held with 
125 vertical. 
wtessneneseees voecccccctsccccses|ssorceees coceee/LOWAFAS 4 hour Of Alooorssceccserecrecsssevessoees Id. ° 
watch-face held with 
12> vertical. 
t train .. eaececncess oeee COeoeoreseseslesecesconese COST TTT CPT LY bd hte hdd S. H. Miller. 


Tess tPCeReDOSogeS OH a eS SOOHSESCHS ESS 


Towards $4 hour of Ble cacacncenccecelereensceeebers J. Plummer, 


watch-face held with 


Dae 125 vertical. 
H ppeared with vari- eeseve SOCHTHSHK Sree SHOR KSeSSFOSESSSHLEHS TES SODTEOT AHHH OHSSAESHADHRESEEHERHRDS W. H. Wood. 
coloured sparks. Left 
a prismatic - coloured 
tail of great dura. 
tion. 
seseeene cocccrecreceececessorec|ecssscoscconses{ LOWAFGS 5h hour Of Bloos..ccecccnvccrcescccscrsseoeid. O. Adams, 
watch-face held with 
125 vertical. 
atrain for 2 seconds|.......cccesceslecccsssees cccccscccseessveeee-[COrresponds to Cam-|A, S, Herschel. 
bridge, 105 52™ 26* 
p.m. 
Left a train for 4 second weolses POPCOH TESTO elererccnsaeneceresecnndenneacaesee® eeeesaren OOo maroaesecoeeces Id 
Peereee ese eweensconceeseebetene|ssesees cvcccoes| Lowards 32 hour of aj...... ecocnetscecence cooesss-. games Challis. 
watch-face held with 
12° vertical. 
rt otseveeevcenee sevscccvevccccer|cocssrneccecces/ LOWATUS SH hour Of ),.......ccceccceees ee esceseaee J. Plummer. 
watch-face held with 
; 12> vertieal. 
a train Pveeesnveresees 25 Ouevcereclens CdOvsoresccnceseses Peresevclores Oececnccunseone Overeeseces W. C. Nash. 
8 small train ToelSSKsaleoeKessesSOHagegelooosgavesnesneenese Gaaeseousoselecen eeseeaeoges @eseesgsaseosecs S H. Miller. 


“298 , REPORT—1868. 
Place of . , Position, or 
Date.} Hour. Observation, | ‘Pparent Size. Colour. Duration. Altitude anf 
| zimuth, 
1863.;h m s | 
Aug.10/10 57 30 (Hawkhurst > Ist mag.* ...... Red .........0.41°5 sec.3; slowOn a line fron 
p-m. (Kent). Aquarii 
(3, y) Captic 
to the bors 
10:10 58 p.m.|[bid....... voccoees| == 18 MAG.¥ ...... White ......... l second ...... From $ (0,0) 
towards 74 
1010 58 p.m.jIbid......... eoeoe-[ = L8t Mage ...... White ......... 1 second ...... ‘From 8 Certdl 
| Cygni. 
10\10 58 p.m.j[bid .............5. ==Ist mag.x......| White ......... 1 second ......|From « to 
10,10 58 2 {Cambridge Ob-|............ eseccasccsscfecnens seesesscccestecs ssecsevesceoee- COMMENCED 
| p.m. servatory. W. from 3, 
tude 33°. 
10,10 58 5 |Ibid.............. .|=2nd mag.® ......|... sesceees sssceesfecssscesccens »+..Commenced , 
p.m. W. from 8, 
tade 43° 
1010 58 5 [bid ........... 0 = 3rd mage ..cseli.ce sees seesssseefecatoece ssovees--. (Commenced 
p.m. W. from §$, 
tude 42°°% 
10,10 59 p.m.iGreenwich Ob-|=Ist mag.# ...... Blue ......... 1 second ...... ‘From near sf 
servatory. 
1011 -0 22 |Cambridge Ob-...... soscvescccscnesees|sscecenevccsensec|ceeeencerceecese [COmmenced ; 
p.m. servatory. W. from 3 
tude 53°4 
p.m. 1 
1011 112 |[bid........ .+sseee] == Let or 2nd mag.#|........ sesssenevelens seesceeeesecess Commenced 
p.m. .. W. froaz 
tude 34" 
LOL 1 24 [I bid......... cee f= 2d MAG. creed cecccessssees selecsccsesteccenccss Commenced 
p.m. ; W. from 3 
tade 15; ¢ 
LOL 1:54 [Ubid..... eee =3rd mag.# ......1..... Seeessecscear[eceee os seeaseneess COMMERCE 
p.m, W. fros 
tude 31° 
1011 2 p.m.j/Hawkhurst =Ist mag.« ......|White .........1 second ...... From 3°0 
(Kent). dromec?. 
1011 2 2 |Wisbech (Cam-|=Ist mag.  ......)......csccccecsees(2 SCCONGS...... From « Ce; 
p-m. bridgeshire). | Herculs 
10}11 2 2 |Cambridge Ob-|=3rd mag.* ......!...... nevseeccsceclecsscee sseceseeee. Commented 
p-m. servatory. | | W. from 
tade 3; 
1011 3 27 (|[bid...... ssevceees =2nd mag. ......!.....e80e ne ‘Comm: ate 
p.m. | W. trom 
tude 35 
1011 3 37 = |Ibid............ ooe{== 2d MATH orcceclsececcccscstccceclsscense ssoesececes, COMMER 
p-m. W. fro ° 
_ tude 2° 
10/11 330 |Hawkhurst = Ist mag.e ...... White .........|1 second ...... From « (: 
p-m. (Kent). | to gtr 
,_ pels: | 
10/11 347 ‘Cambridge Ob-|=3rd mage ......|.. se eeseesoeceeseslseccusvecssscscces COMMEEM 
p.m. servatory. . W. fron 
. tade 34 - 
1011 4 16 {Ibid ...............;=2ad or3rd mag.#l.......... seavecartecs seescncescecses Commence 
p.m. W. free: 
- ! sade 43“ 
1011 4 26 |Ibid......... sseeccleacceesncescsseeas soseeele veseccescecnceseslesccvcseescesecens aanceessrseer? 
| pom. 
| 
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— ; 
| | Direction ; noting also | 

\ppearance ; Train, ifany, Length of | whether Horizontal, 
and its Duration. Path. Perpendicular, or Remarks. Observer. | 
Inclined. 


t 
| 


No tail visible in haze of/8° or 10°......... ooecccesccsscaccesccsees| Disappeared behind thejA. 8. Herschel. 
the horizen. horizon. 
| Left a tail for 2 aseconds...|.......... eoses[eccseseesenereeeeres boveeeenes Three bright meteors)[d. 
| appeared almost to- 
gether. 
‘Left a tail for 2 seconds...|.......csocscse|sssecsereseessscsasceessees -+.|Positions somewhat un-/[d. 
certain. 
Left a train for 2 seconds).......cccscecs [tateteeresserecessens Code ccceelacccccucecucenccusasccoees we fd 
| sscsesnocevnccccsecsevccssescee|seepencecsesces ‘Towards 4 hour of al............08- bv seecnsceeeees J. Plummer. 
. watch-face held with 
12 vertical. 
sacececesccesovscscnccesels sosececcceeses Towards 4 hour of al....... seseccecscecsrvececeees(4 ames Challis. 
watch-face held with 
12° vertical. 
| .ssseseeeee ocececcececces ceseccleccccesscs.eeee(FoWards 5 hour of ajl.............. beccascccseeees Id. 
7 watch-face held with : 
: 12> vertical. 
left a train for a few).........cc0.. Inclined path in the S.\Cloudy in 8. ............,W» ©. Nash. 
| seconds. Moving westerly. 
sesececccceessseeveencccecnscs|s cov astesccsees Towards 4 hour of @.,........ccccesese sseesesense. J. Plummer. 


watch-face held with 
125 vertical. 


‘Shooting-star Of Ordinary|........0...s00/essseeseesesessenesees a James Challis. 
appearance. 

la a luminous train ......|...ccccssseceee).owards 37 hour of j,,,..........0 vevececceeccecc J. Plummer. 
watch-face held with . 

125 vertical. 

lenses coccvecccousceccocsccosecesles vesvesccncese(NOWAFdS 74 hour Of Al.ccccrcecssescsoes sececeseess.(Je C. Adams, 
watch-face held with 

] 12° vertical. 

jen seececscccccsescececcccateeese|scccrscecncnces Towards 4} hour of a)..... beececcescceccessercccese J. Plummer. 
watch-face held with 

' 12 vertical. 

Left a traig for 24 seconds/18° ......... Towards y Piscium....0.|.......c.cscsssecssses erescsss[Ae S. Herschel. 

\seft atrain—.......... covselescncevcrcovscslenes cen cstoccccveccccevecscceslsesccssneecccecs eccecesececsss S. H. Miller. 

ficteecsacessceseceenscaseoves oeelecsseseesseees-(TOWOFdS 43 hour Of al....csccsecsssseeeeres ....../James Challis, 

{ watch-face held with 

| 12 vertical. 

fevseeee verecevecccoesacncetereces|seceecee eeeeees Towards 3 hour of aj............ A easeceeseenereers J. Plummer. 

i watch-face held with 

' 12> vertical. 

tesessseeseeseoneos deeseececeens osleccescrensees «-|Towards 5 hour of al.....c.ccscceees Seseceveneeees James Challis. 

watch-face held with 
12° vertical. 

Left a train for 3 seconds).......co...csclecccscesecescees grrcresseceeee|e evssscescssccsenassesessecser/Ae Se Herschel. 

( 


seeee secooe-(Fowards 34 hour of aj......ccocccscsccesssesesssces(0» Plummer. 
watch-face held with 
125 vertical. 

ssesgeeee/TOWards 3$ Nour Of Bl.....ccsscesevverseecesveeeees James Challis. 
watch-face held with 
125 vertical. 


ne ee 
———a— 


H | 
| Place of | | |  Positioe, or 
| Date.: Tour. Ot , Apparent Size. Colour. Duration. Altitude and 
| | Azimuth. 
| 1863. hm s | | | | 
Aug. 10. ll 4 30 Hawke j= mage ...... “sevcece aecsncecece!-ssssssevsssceeecs Appeared at «| 
| 10 il 4 30 Greenwich Ob- =3rd mage ...... ‘Blue ........-'1 second ...... Ceatre at « Peg 
p-m. servatory. ; | ' ' 
i 10 Me 5 6 Cambridge Ob- = Ist mag.t......... ........ cecccees.! sesceee seoeccee... Commenced | 
servatory. =! ° | ! |W. from 8,1 
| | | tude 105. 
1011 pa 26 [Ibid ............00.: == 2nd mag.® ......' ..ccccscceses eccelcccccocceens cess. Comnmenced I 
! W. from S,1 
| | tade 29°. 
1011 ae, 30 'Hawkhurst =to Venus ......... Orange......... About } ¢ Aquila! 
| (Kent). | Serpent 
10 11 os, 1 (Cambridge Ob-| = Ist or 2nd mags .........ccecscees|ecsssesernnessenee od 
| fom S., alti 
1011 7 pmlHewkhorst | =to Sirius ......... Yellow ......!About 1 see..'To3 Serpent 
(Kent). the way i 
Coronet. 
10:11 7 p.m.JGreenwich Ob-|=Ist mag.+......... Blue eo... 1 second ......'From « Agel 
| servatory. withis abeal 
10,11 8 p.m.|Southsea (Porte-|Rather > than Ist|Yellow  ....../1 second .0.... Prom “C c) 
mouth). mag.#. meds to { 
Pegasi.sed 
_ degrees 
1011 8 p.m.j/Hawkhorst = to Sirius ........./Yellow ...... I second ...... From $ (+ 
(Kent). a Lyre) 
& Hercels 
short of 


uch. 
10 Il 8 18 Cambridge Ob- == 2nd mag.s OOG0 0c S080 66000600008 OO oor aseceeses Sooner Commenced 


p-m. servatory. W. from 
tade 295. 
10/11 8 23 |Ibid .......... sooee| =e 1st OF 2nd MAP-#].....ccccssssseceelecscenserersoense COMMERCE 
p-m. | W. frow 
tode 29. 
1011 9 p.m.jGreenwich Ob-|—=Ist mag.«; very|Bloe............/1} second ...|PromytrP 
servatory. brilliant. B Crp 
Aquilz 
the W. 
10 11 10 59 Cambridge Ob- = 2nd mag.# Seeces SUOSSSOSESKO SSS CELT EOCESESEO CES ROSE ... Comme 
A p.m. servatory. ' from 
27. 
011 pm. 59 Ibi PTTTTT TLL ite == 2nd mag. eneces Ceccaectereengscce|sccessoescecencoes Commenced 
from S, 
| | 21°5. 
0,11 11 p.m. Mente we 2nd MAG.# ceccesloccccesecseoesees.(0°S SECON «.. From 
Kent). to 
‘ wet 
1011 11 p.m.|Ibid ........scceee. = 2nd mag.# ...... ssccscssssseeseee-[0°S second ... aire z 
re 
10)11 11 30 [Greenwich Ob-|=2nd mag.s .,....|Blue.....ccoccs.|l second .... ays 
p.m. servatory. d Lyre. 
10 11 ll 57 Cambridge Ob- = 2nd mag.# SOG 0 os [SOK SCOHSCHS SESSOHK GSI COOEESCSESESESSE Commence! 


p.m. servatory. 


10/11 14 p.m./Southsea (Ports-|Large meteor ..,...|.cccsssscscssscees 
mou 


A CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS. 801 


Direction ; noting also 
Length of | whether Horizontal, 


Appearance; Train, if any 
Path. Perpendicular, or 
Inclined. 


and its Duration. Observer. 


10° eseneee 60 Directed from Y Andro- eon 
mede. 
15° G@ueseeen eee From Cassiopeia SCSOesesaeslvseart eee 


iNo train or sparks ......... 


COSSHOc or sneneselelssevegese 


Left a faint train enceceoee 


eoases SORooesOSeessesetsestdsns e 


watch-face held with 
125 vertical. 

scccccseeecss| LOWards 8 hour of ai... 
watch-face held with 
125 vertical. 


COC SooHe ETE RESTEK CCE OEOTEON Id. 


scvcceccccnccsccccescccccesess(Ae 9. Herschel. 
seconds in the last 


Left a luminous train......|.....+ cccees--| oWards 7 hour of a 
watch-face held with 
12° vertical. 

Left a train for 2 seCOnGS|......<c-:csscclsccccecesccceccescccosssssece Corresponds to Cam- Ae S. Herschel. 
bridge, 115 7™ 1° p 


seeccesesevccccocecces socoocesido Plummer, 


Left a fine train Codecasscges 30° Oo veeveteles Ocereneseccosvcses evectccese |" ereeeees Coovscesen Geeases Cace WwW. C. Nash. 


Left a t e socvceccccecess CHC ESCO OESECOoe EEGs esaEeS Oboee W. Penn. 


.|The head continued be-jA. 8. Herschel. 
yond the streak. 

Corresponds to Green- 

wich, 1]® 9™ p.m. 


*MeoereeseCaggeaseses Seacrocasssltoe Coscogeosicos e COC CCOEEEEOCCcEesessereesetecs J. C. Adams, 


Left a laminous train....../cccccccocesecs 
; watch-face held with 
12% vertical. 

Left a fine train for 2 or 3 §0° @eaageeane ,evene eveeeeceons CSPeeeeeeesSsan 
seconds, 


W. C. Nash. 


CHOHHSSCAS SDEOEH ee ODeShneocovieovosBrerovesse Towards 5 hour of a eoetOSoescesossesoseneegsesenee J. Plummer. 
watch-face held with 
12> vertical. 

Towards 7 hour of ai....ccccccseses sscsssesersece. (J+ Co Adams. 
watch-face held with 
125 vertical. 

No train or sparks Secvetece “eveeoceeresees eevececes COC ocecunerce @avecsceisces SOeoeOSSShG ggeeeHoeceoseee A. s. Herschel. 


oeecsve CoooF eed hSSev ss SHOOK Kocriangeseesslseners 


Vo train or sparks ...0000.2/6°....s0sceee From 8 Camelopardali..|........cccsccsscorecses vl 
left a train for 14 second.../35° .........  eecerevacess coccvaecece pecceslesocesccece ceovccccscseacceses. We C. Nash. 


sasesoneeneconsceccvcoecees sesealeseeneeceees btowards 74 hour of a nner Challis. 
watch-face held with 
12" vertical. 


e 
a train PUVERIIIIILISI LIE ETT, LTPTTTTIITTITTLiTririri ci 


eeseeRtacoenne W. Penn. 
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Position, « 


Date. ! Hoar. one Appareit Size. ° Coloar. Duration. Altitude a1 
1863. hm s _ 
Aug-1011 14 40 [Cambridge Ob-|= 2nd mag. ......)...ccccsceccsccscelsocessees recereece 
p-m. servatory. 
| 14 45 [bid sene8e send Stene =2nd mag. oses | —- eesesesteo ehSFaovliseeteveaes ee e 
an 15 p.m. Oe ty Ob-'=I]st mag.« ......;Blue..........0. I second ...... 
011 5 25 Cambridge Ob-|= 2nd mag.* seosalecuee acer eveccccelsscccces saccoecees 
| servatory. - 
O11 15 45 [bid ............00.{eseee ev ccncccsrevevenss: seve wercercenctees|secccccccce cece cer| eva cee ces seeseess: 
. p.m e 
10;11 16 p.m. Ste (Ports-|Large meteor . necccenvevccccceccleveseccccsscccens | ACTOSS y IT! 
10,11 16 5 |Cambridge Ob-|= 1st mag.#  ......|...coccscsccccscess|-coscevesscescess-/Commencet | 
p-m. servatory. from S§., st 
19°. 
10)11 17 p.m.|/Hawkburst m= 2nd MaAG.# ....cclccrsscerscencees-fe second = .../From # tof 
(Kent). [ conis. 
LOLL 17 30 [Ubid ...........0.0.{ == tO Venus ......ccclsscececes seccccseelescceccsscerocees-|From head o 
| p-m. pheus to |’, 
7 y Cygn 
1011 17 34 |Cambridge Ob-|=2nd mag. .... sostesees|seeecseassenseces. | COmmEDCE! 
p.m. servatory. W. from % 
| tude 26"3. 
IOI 18 p-m.|Southsea (Ports-|Large meteor ...... ..cccccoccssccsccclecccccccvcncecane|oeseneesssseaeeetd 
mouth). L | 
1011 18 45 |Hawkhurst = ]st mag.« secccctcccscccclesscescenscssceee.(From 2° E. 
p-m. (Kent). Cygni | 
1OAL 19 24 |Cambridge Ob-| = 2nd ar 3rd mag.+].......c0ccoeccres|eccsccssersevecenel eo sean 
p.m. servatory. | ; 
10}11 19 54 |Ibid........ oseeees = 2nd mag.* ......'.... scasccecsceceless seecceees seeces cone 
p.m. from S., = 
| | rh 
10/11 20 p.m.|Weston - super -/ = to Venus ......... Bright yellow |2°5 seconds .../From 6 
Mare, Majors te 
room. 
10/11 20 30 Howxburst =to Venus ........./000. escceee ecceeee 1 second .|From 7, ' 
p.m. ent). im to 
(Kent) | Pi 
| g os far ast= 
10,11 21 p.m.|Weston - super -|=to Jupiter ....../Yellow, then/2 seconds....../From_ / 
Mare. red Majors 
| roox. | 
a 21 p.m.|[bid ..............,=to Jupiter ......jRaddy .........(2 seconds......|From er 
joris tot 
O11 21 to |Ibid....... saveeens w Yetand2nd mages! sessereeesen secessssecscsceeee From Ro 4 
11 23 p.m. N. Dect 
towards ‘8 
1011 21 29 |Cambridge Ob-' =1st mag.» secesnssscns|cessceeesnseceeses; COMMERCE 
| p.m. servatory. W. fros: * 
tude 25. 


White .........'2 seconds...... From y ins 


tot 22 p.m.| Weston - super -, =to Sirius ......... 
Mar 


1011 22 43 Cambridge ob.| mea mag.# ... 
p.m. servatory. | 


— aveccevecenevecnes 
| 


A CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS. 808 


Direction; noting also 


Appearance; Train, if any,, Length of | whether Horizontal, Remarks. Observer. 


and its Duration. Path. Perpendicular, or 
Inclined. 
Towards 43 hour of al....cccescsesss Socceeccceces be 


watch-face held with 
125 vertical. 


watch-face held with 
12" vertical. 


[Towards 74 hour of Oj...rcocsccccsscscees cccsetocele 
watch-face held with 
125 vertical. 
Towards 0 Persei ...cc.|scccesccgsecvcccascovevcsccans 
Towards 7 or 8 hour of al......cocccssscccovsecccvccces 
watch-face held with 
12° vertical. 
Re train or sparks @eeeceescecea ° SPHTOSHSKOHEHOGeceseeadseeesengesevnane| ee CoeneeetSeoeeegesSeSeheegneos 
Left a train for 3 seconds|....... etecccnclsccecccccescoece accccnscsccses|socccccsscccccses eeeesces ogee. 
svseecesacens ac cecceccccecccecleosscssveccesee(LOWAFGS 8 hour Of Aleccrcccsscecccccccesccesccseside Co Adams. 
watch-face held. with 
1 12" vertical. 
Leh a tail eeeseuvane® SSeS SSOjecnes asc eHeH SG gy gal* FESS SeHseSSHFEHSHHHEBOSH GHA H SESS SECCHH ee SHSETMHCK ee OESEEsaeEESe 
L CPOs ecco e reste OOOSeeseasse Cbenelroveeeeerszeouncn COROT HSHHHEOT HO HTS HOTES CSG oDe SHSoGatOGesessseeeogenaven @ees 
*Ccecse CoPBeroesRSesecersesaedeverionceese enonevece Towards 62 of a watch- CEO rere seennasesersae esse gras FOROS neeReesenncsos 
face held with 12" vert. . . 
otseosnecs COC Heregovecs Cvoselscancsessean eves Towards 6 hour of Bl eocvessccenes Coesereneeons Peso SSOFSeoReooses Cesetes 
watch-face held with 
12" vertical. 
ruddy train remained).....,..,.0....)sccsesses stoccevessssceeesseee(Clouds breaking off, and|W. H. Wood. 
wpon the whole course sky clearing. 
3 seconds. . 
Phe train, in two parts, SHS GC OoSSR A HSOE SIC SOeEsOS @oessteaoace COSHH HHH RSIPSOSe To HHelFSeggsHedeHIOHeOhoee A. 8. Herschel. 
remained 5 secon 
Roddy train remained)...............- sessseceeeecscseseecauseseces The succeeding meteors|W. H. Wood. 
upon the whole path followed closely one 
3 seconds. upon another. 
Ruddy train upon the........ ecceecea|ceresscceceecees seesseees evscefeens sevecescees nevesescees eee ( Ld, 


whole eourse 3 seconds. co 
With trains. Eight or ten, 10° to 30°..|Taking westerly paths.../A number of shooting- (d. 


shooting - stars per mi- ; atars, 
nate. 
Left a luminous train......|.. Deccceseccess Towards 8 bour of Bl cocvcccepocctaretannseressese J. Plomm ey. 
watch-face held with 
12 vertical. 
oft a raddy traim .2....00.|.cccececscsccec|-coscccectecvescccssnsasccsoes|soncecceoseeceres scccecseseeee] We He Wood. 
seccecccesvecsceecccssccceccccleccsscccsece..(LOWSTAS G hour Of Al..cccscscccccesscceccecsccecsstde Plummer. 
. watch-face held with 
12° vertical, 


804, REPORT—1863. | 


Position, 0 


Colour. Duration. = Altitude an 
Asimuth. ' 


Place of . 
Date.| Hour. Observation. Apparent Size. 


1863.|h m 8 ; 
Aug.10/11 23 p.m./Weston - super -|= to Sirius ......|/ White ......... 1°5 second ...!From y Bootis 
Mare. 


10 ll 23 p.m. Ibid wesccncsenspeeal =~ to Sirius Seeceen Ruddy oseeneces 1°5 second eae From B 


low « 
10 ll 23 p-m. Ibid..... ssese eeasetee = Istand2ndmag.+ See SSegsoeguSsSsasfessesoeosoosagecans From the 
10/11 23 p.m.|Southsea (Ports-|Meteor = to Venus White .........]1 second 


mouth). 


1011 23 30 |Hawkhurst = |=Ist mag.%  ....0.|.....sccccessennes 
p.m. (Kent). 


SSHOSSHSSHSSSSCSHSSSISOCHSSSHSFSSSOCHS EGS 


10}11 24 3 |Cambridge Ob-|=Srd mag.* ...... 
p.m. servatory. 


10 ll 24 10 [bid eoenee esvcesens = 2nd mag.x Greece 
p.m. 


10 ll 24 17 Ibid YE TYTIYILI LES) Ce CoeOSSOOSSPOeveseels SCE VeeSsSoFOdgsecange| FOS SEROSSESEeSEEES 
p.m. 


10 ll 24 18 Ibid POP SSOHSOHAHSSH S| FACS SHHOHHHHHAETSEOHSOSOHt) Reese COSTCO SOOSHS HE De] SSSHSHHOSEH HSS OTE SSinnsggesets 


p-m. 
10 ll 25 53 [bid POC oo eeeeeeeses =Ist MAZ.H...ceceee 
p.m. 


1O|T1 26 23  |Tbid ...cccccesceese = Ist mag.x..... 
p.m. 


eT ecocatnensOnesaoce!s 68 SSSSOtegnrSenes 


10:11 26 30 |Hawkhurst =2nd mag.# ..... 
p.m. (Kent). 


. Yellow SEtece| SCeoveeessSgneoesese 


10}11 27 47 |Cambridge Ob-/=2nd mag.» ...... 
p.m. servatory. 


SCOHSHSHCSSEDLEHeaSsTevetdeCaeessGggaese 


10)11 28 p.m. seat | =2nd mag.* ...... 
1011 28 p.m.|[bid........ sossene/= 2nd MAZ.* ...... 


secceveccsecsveses ¢ SOCONG 


p-m. servatory. 
10 ll 28 43 [bid exseenegotace ese = lat mag. COS wavs cert Ol SOSSESeeceges| FOSSSGe sees Osouce Position * 
p-m. 
10}11 29 p.m.|Southsea (Ports-|=2nd mag.# ......|-...coccssssesceelf Second =... [From = Ane 
| mouth), 
10 ll 29 30 Hawkhurst =1]4 mag.t seece 
| p.m. (Kent). 


A CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS, 805 


Train. if Length of Direction ; noting also 

ppearance ; in, if any, ngth of | whether Horizontal, 

and its Duration. Path. Perpendicular, or Remarks. 
nclined. 


Observer. 


Left a train 25° long ......}...+. besenes «»/30° to left of perpendi-/Two meteors ap 
| ar. together. 


W. H. Wood. 


C0 OG ere Once eetecsaced Lhd iihdb eee PLOT eet im Id. 
Wieh trains ete TTT CPPCC PIII LIPreeyirrrrisriilrivirrirrrrri ri A number of shooting- Id. 


a train for 2 seconds CODE PHODCOCOEH Es leaner eeVaeeve RS OOLCEDER OOS EE LOOT SRSOOFE RS CESEaHeHEOTOEESOLS A. Ss. Herschel. 


OPO lc ence ceeeeeeeseebetelssces PTT YT Tree Towards 6 hour of r WEXESIE TI TILISETIS ETT eneesoce J. Plummer. 
watch-face held with 
12" vertical. 
[ei a laminous train Oe Beers eee Towards 82 hour of Dhecccoceccvcetscncesesevosenecs 
watch-face held with 
12 vertical. 
prereceOOssevcevecces OOORCO SC CEOE), ecco nenceeons Towards 82 hour of Bl eccavecccveccccccsccesesggeess 
| watch-face held with 
125 vertical. 
bhooting-star of ordinary eee crverseednnciose oeenese COnccenescveee eeonselseeere SOO TOOEHE Do eOOSEEDEEeOes 


J. C. Adame. 


J. Plummer. 


WOODS CHCESEOHSOSSC CESSES SOOOEREEE se nenereseetesr Towards 9 hour of BB coccvomnccncececcneeeeesovenss e 
watch-face held with 
125 vertical. 

0000 OHOCHCEEHEE DOCH OORSOHS SOC ECccrarcegnesenee Towards 3 bour of Bl ccvvccccsscs Sees encneeoessoes 
watch-face held with 
12® vertical. 

fo train or sparks @eoeGaoadese POSSHSHSSHSSS soa leeeSOsSSSggoecossEGepessoussages SECESCSS ES CHOSSOSEDOKSSHOCSOOLOD 


, 


alata LETTE TTT TT) Towards 74 hour Of Al cccccccccescnccccscccevececes J.C. Adams. 
watch-face held With 
2 ¥ 
oaeeeeees 30° left of perpendi- PYYTIT TILT W.H. Wood. 
ular. 


J. Plammer, 


A. S. Herschel. 


rain 25° long ....... v00/25° 


etthteteh d ddd dd AAA LLLILLLISILIPTETTTEPLYTTTETHR LE Lit lili lira Sees cacoeoceSeeseooessesaccovgsscees Ww. Penn. 


Mooneee sce ceteccsesoscoesocesse PTITT LILY TTY TT ICRC ITIL eI Piri riicri rer Viti Id. 


heoting-star of ordinary evsecee COD STDS] CEC SEH OOS SHESEHEEP Ever eoEODESSl coceceMsoseeenesee eeesnecenece James Challis. 
' appearance. 
a lamisous train...... POCOSK SRSA eH aOOLEHOSSSSRH SO SEHEESSOSCTLOESEEOEEE PPVUER. CELLIST YI J. C. Adams. 


OOOO S COeSeOe OSD EEOBEtEScorlensss CeeeCOhenol ees ees cnsdOOPEdeosccougsseenece WITTY TTTTTITTT LTT TTT W. Penn. 


a train for ] second... ecvenetelscocns SHOCK RSE EHOMOREHE DOLE REHHFOHS| CEETEOWHESSS SH LSHHEESESRO OSES A. s. Ilerachel. 


$06 REPORT—1868, 


Date. it 
Aum 
1863.|h m 
Aug.10/11 80 8 momenced | 
W. fron $., 
tade 275. 
10 Il 30 17 Ibid sseeescesseaseone eaecdSOgeeSeeaansene eoen e ee Commenced ‘5 
from S., siti 
38°. 
10|11 81 p.m.|Weston - super - White ......00{f second ......|Between(s il 
10)11 81 p.m.|Southsea (P. {White ....ccfh second ......(6 ener 
egasi. 
10)11 32 p.m.|Hawkhorst . .|Yellow  ......10°8 second ...|From « tos a 
10/11 $2 15 |Ibid...... JOrange colour|0°8 second ...|From 4 (?, # 
p-m. B Aunge. 
1 11 38 49 Cambridge Ob- evosee CVORODLDELES DOES Colne eer eeseensecs eee] Ou enced fi 


are. 

10}]1 34 p.m./Southsea (Ports-/=14 mag.e......... 
mouth), 

20/11 86 p.m.| Weston - super -|=Sirius ............ 
Mare. 


10 11 39 p-m. Ibid sesaveteasoness eeseces COOCOr eos Deceunes White eneccsece 1} second eas Across sf 
10 11 40 p.m. eee White @eencccos 1 second eacces From f past \ 


1 ll 40 to : “WF BOO, GEE, GAIUS) cecce CHOCO HC HHSM ace OOSESOHREOSeeoneEre Frem 


10/11 45 18 |Hawkhuret (=:Srd mage ...... sesersoesecsesese f0°7 Becomd ...(Prom P 


10:11 48 p.m./Southsea (Ports- 


| mouth). 
10,13 48 4 |Cambridge Ob- 
p-m. - eervatory. 


A CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS. $07 


Direction i) noting also ; 

whether Horizonta 

Perpendicular, or. Remarks. _ Observer. | 
Inclined. 


\ppearance; Train, ifany,| Length of 
and its Duratio 


gth 
n. Path. 


Ee Se 


watch-face held with 

125 vertical. 

Towards 5} bour of Bl occacveccovece Covececvess acon J. Plummer. 
watch-face held with 
12* vertical. 

sPOOCCT OOS CE HEOR EOD ERROR SEE ODE W. H. Wood. 


Wecevoccasens 2 ePOO Os sce Heron caePOOeEeeeoesslrccoreyrergosesseeeereDsceveres over ereee see Gesesseeessgces Ww. Penn. 


Paint tram Sceeseseerccons enofesecece OO DCO OSC cocnccrccnensscesese eocecconces re eeeneeeernsese eeecseessous A. S. Herschel. 


WEte . 5 OGG coo OSE OSS OSOTCS OER ESEECE/E 


watch-face held with 
12° vertical. 


Blight traim ......er0.s-cocsrslecvsesserccsecelessscecccperecccepeccesscccacs[OOSeseseesestoreseees secseoeye| We Penn. 


Several shooting-stars inId. 
quick succession. 


left a train for 0°6 


aft a trai eecaseveponccesion PPPTTTPTTTITITIT TTI Gr W. Penn. 
one partilike i 


salecssseesneccesevessseeseseeess| We Pe Wood 


eaene pevrecesedevassetseceseses J. Plummer. 


$08 REPORT— 1868. 
Place of Position, of 
Date.| Hour. Observation. | Apparent Size. Colour. Duration. Altitude and 
1863.;| hm s 
Aug.10 li 48 §] Cambridge Ob- essence SeeCSPoesOSS cs clSe | PES een SHheseFHnoe' gegeersGaslesSPans Through Cesue 
p.m. aervatory. 
10}11 49 p.m./Hawkburst =2nd mag.# ...... Yellow ...... 0-7 second ...'From L (Cam 
(Kent). | i haifa 
| w& Urse Majo 
10/11 50 p.m.|Southsea (Ports-|=1} mag. ...... White ...... oe-/§ second ...... !Prom B Andres 
mouth). to Z Pega. 
10/11 50 19 [Cambridge Ob-|=1st or 2nd mag.#}.......... seseseeeln seaneereeee .eee.|Commenced 
p.m. servatory | from S., au 
2)°. 
10/11 51 p.m.jHawkhburst =2nd MAg.t sececlecsererrrcereeeees(O'6 second ...|Prom o Cre 
(Kent) § (= Lyd 
| | Cygui). 
1O}11 52 45 [Ibid............... = Jet mag.t........eoes ssssseesseese. O'S second ...!From § (8, 
p.m. (a, 2) P 
10:11 54 80 {fbid............... =1} mage ......|..... asecenececees loess Seescsereonces Prom B Casi 
p-m. almost to § 
certz. 
10/11 55 p.m.|Weston - super -|=Ist mag.# ....../Blue, white....|1 second ...... From Polars. 
are. 
LOT 55 18 [Cambridge Ob.|.......sssssscesssscoueslcscessesesssesecelecesseseeeaes .....(Commenced 
p.m. servatory. | |W, from &, 
| tude 46°" 
OL 55 53 [Ibid ............... 2nd MAG-# sssccclecscccccessceceeslesssocessesseseees Commenced { 
p-m. | W. from Se 
. | tude 54° 
10)11 57 15 |Hawkharst =2nd mag.# ......!. seceeesee eeenceeeserseecees vvccocee (From 2° 
p.m. (Kent) Hereakss 
Herculis. 
10/12 58 28 [Cambridge Ob.|= 1st or 2nd mag.t#!.....scccccecssssslecceereceseosevee./ Commenced ¥ 
p-m. servatory. ye 
e460". , 


10/12 O p.m./Hawkhurst 


=2nd mag.# aecene 


Yellow ......10°8 second ...|From 8 C 
5° to 


Kent). 
(Kent) Lecert 
11/0 027 [Cambridge Ob-/=1st or 2nd mag.+]............ sete lessecseceeeeseneee From 254 
a.m. servatory. S., altitade 
1); 0 1 a.m./Hawkburst =2Nd MA. ...ceslscsccccerresscccelecrsessecens soc... 104 (1, 2) 
(Kent). halfway 
Dracon:s. 
nie 1 farther. 
l 2 Cambrid Ob. = I]t . enncee|seetOtrccoccsccen OPlccesrceccene Commescr 
a.m. servatery. me from S- 
48". 
ll 0 1 30 Hawkhurst = @ Lyre Co enecacs[SOOtterertPSesecene sesncces Povesecnes Passed m 
a.m. (Kent). tweens. 
i 
on es & 
line (at 
ali 
11] 0 212 [Cambridge Ob-(=2gt mag.n  ...ccsfeccesssssscnonssestossserseseeses ees (Commence 
a.m. servatory, | | from 5. 
64", 
rer ge 


A CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS. 809 


Direction ; noting also 
Appearance ; Train, ifany, Length of | whether Horizontal, 
and its Daration. Path. Perpendicular, or 
nclined. 


Remarks. Observer. 


Shooting-star of ordinary Oo dcoenevvestes Towards 12 hour of Blevecocess oeceeccececeesecacss J. Cc. Adams. 
appearance. watch-face held with 
12® vertical. 
Left a train for 2 seconds..|..... Obeveceverteaerecevcensesccccsesececscecetes Cacacereccees oeescccssevence A. 8. Herschel. 
Left a train PW ee SPY SEE Pe Ce HDSheteneanedeaeeseseneene COC RsacoeenenES Os OCR ee oeebere W. Penn. 


Left a laminous train......|............0.. Towards 6} hour Of 81.10: .,..0...sccsscccsvcceseces J. Plummer. 
watch-face held with 


woseese eeencece RDOSCcesehascacssSoevuiscovece COPceoves (HS Hesesegs SOOTHE COEREO AH OPEtoeensrocnsereseres Qtee A. Ss. Herschel. 


LeR a train for 2 BOCOMGS..|.cccccvoccccccel*O0errecccccvceccaconscccccccs|ocevcercsscenee eeecevcessceses Id. 
| Left a train for 2 seconds.. aoe FORSOG ond dnc e| SES HOHSHCOOD sesedaseseeseeereoloesas pesapesece Boreces eoeegece Id. 


avosccccncoccaces ceecveccecenaes 30° wec.ceeee In a westerly COUPEE ...|..cccpscvccrecvsccvsncscssceses W. H. Wood. 


oetecee SOSCHOHSHs CEES CL EEF SEES SES SH OeerOOFEEEee® Towards 4 hour of By ccccpoccncnceceneeeenssoceces J. Plummer. 
watch-face held with 
32° vertical. 


Sesovroeseccaseeseessenes Oeodoeveseise Sovesesereces|® eoaees PSCHC CEO sd ene8 SP occ eselscoce PeeCeseanececes 2OSSeOGeee Id. 


Lett a train for s | second... MPT TTYTTSTTT TILL Ieee ee) Oecceoolenner PUY TYUTET ETT enecerccenss A. S. Herschel. 


Left a laminous train PTYTTTELLL ITE TTT TT Towards 74 hour of Bi crnvccvereccccenesenceseeases J. Plummer. 
watch-face held with 
125 vertical. 


Left a train for 1 second... 5°. .cccccceces Towards 9g Lacertz oovene COsceg CROLEEHOR SSE DEEHHOCeRED A. S. Herschel. 


Left a lumfnous train cveccelspecccccecccons Towards 44 hour of aj.....- eoercccesesce TTT TTT TTT Ae Plummer. 
watch-face held with 
12* vertical. 

Lk a train for 4 second... PYUSTTITI IST ILICCISETILIITerriseris iit iii A. §. Herschel. 


\ 


iLeft a luminous train, PTY PPTTTTETETTTI LIC TITEL TIT Ieee rere rrr irertiy ryiey J. Plummer, 

| Which remained visible 

| for some time. 

Left a train for 2 seconds.. CORR OHOES ee rsoriesasse SCH oeeooarvorsetonvae Gonopeeereneen Coeenocerses eoteaeocse Ae sg, Herschel. 


Left a laminous train ...... sececccesecses-| LOWATOS 62 hour Of Ajrcccccccsccsscssecccoceeocseorid, Plummer, 
watch-face held with 
12° vertical. 


$10 EEPORT——1868, 


Place of 


Observation. Colour. Duration. Altitude and 


ccesenesebecocetedecocsesdeccnccoacssos eooveceesceseccecs (Were enced 3 
| 
=x lst MAK-¥. 00. c000- ® senesvazeocs 


== to Sirius seseeeses 
= Snd mag.¢ Peboevleccere 


Ibid OS SOE SES OCCSOR 00606 OFE Foc ovesSoeforsessoseseagnerage 


=Gnad mag.¢ ...... 


Ibid Sepesonesesocos Or menced 3 


COST SOSTH OSS HOSE C1EOO SSC eREECOSEE DEE 


== 2ndor 3rd mag. 


se == gt mag.# eseecos Cosececvesebscccce eCeoentesesaanares Commenced Q 


tude 48°. 
Caevossoctescndne I second eeoeue Started at 2 0 


Majors. 
secnceveses bervccnleccceccescccoetece Commenced : 
W. from 8. ! 


11) 9 55 30 i Gocessesseoones 


medz. 
= to Sirius; very|Yellow......... 1°5 second ... From y tos 
p-m. meder. 
11, 9 57 p.m.|[bid veveee 


brilliant. 
= to Sirius; veryj/Yellow. ...... I*5 second ...'From @ 
brilliant, | tow Pegs 
1110 1 p.m./Ibid ......... > lst mage ......|Yellow ....../L second +-...|From Cor (# 


11/10 8 30 ‘Hawkhurst = 2$ mag.+.........| White ........./0°9 second ... 2° alot 
p.m. | (Kent). Urae Naot 


A CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS. 8ll 


Direction ; noting also 
ce; Train, if any,| Length of | whether Horizontal, 
and its Duration. Path. Perpendicular, or 
Tuclined. 


Remarks. | Observer. 


RSOCSSOSSCESSHTSE EOSSSSCEHHCHESe ee BESfosveaseesosseve Towards 54 hour of a SCOSHKEHHEOHRESHRSOCE SE SHED EOS J. Plummer. 
watch-face held with . 


125 vertical. 
002 eee O80 COSSSESHECHSOK GES OCEFESEED 4° roseccncvees 90 ie left of perpendicular)... ee 


\ weve ccwecedcceeeeeccenccccnssces|cecesccssccoees Towards 3A hour Of Ol..ccccccccccccccs sesecccessesi¥e PlUMMEr. 


: 125 vertical. 
Left a luminous train COBSOCleoesoececeesee Pee eroneesrs assess ereeees PRCSHOKEECECOREEHSEEO RAG REHEEe Id. 


. seseee secccececesccccevoccoceseleccccccccsonsee( LOWAFGS 6 Hour Of Al..,..,....ccccccscccees 


eouenes COS eo oe Hoe oeeseSEesROESES Id. 


Le& a luminous train ...|..........0....;Lowards 34 hour of a 


COSHH OOSHOHHOEEHE MDE rh ene eSRovessr ons Towards 74 hour of Bl crecsecccccvegasccoces eaee , (id. 
| watch-face held with 
; 12" vertical. 
‘Left a luminous train......|.c....sscccsee- Towards 43 hour of al... 
watch-face held with 
125 vertical. 
‘Left a train 15° in length..|...........000. 30 left of perpendicular 
own. 
sscesecvanccecccccesccocencceset|sceccsccccceses/ LoWards 7% hour of al.... 
l watch-face held with 
12° vertical. 
Left a luminous train...... sevseesces .eoe-| rowards 43 hour of a 
watch-face held with 
12° vertical. 
Left a train woococecsonesecsecls Cecccnogcesaceice eecdvevecen erocece CO OeORe Pee eelsccncnvensese PYYTTTTITETT TIT LL W. H. Wood. 


SSCCOCROOCK a ae lesscreasseteses Id. 


PIT ET IIPS Iii ii iit) W. H. Wood. 


TTTTTITITIST TTT TTT TTT ie J. Plummer. 


CODDeoceoDnece eesOSgoesoaeseases Id. 


Bright yellow train 2} secs. ooones cecvaccoo|*s OTITIS ICI Titi litrrreervrverrrrretiirrrrrirTy TTT Id. 


seseeeeees snccctoccsescseseserse+ [Do cssscesseeee[O0 right of perpendi 


otecececgeneee Pecereresaresccsere 10° ecesecece 50’ right of perpendl COPo oH eHerereSOnsenecaeeneeeur Id. 


[eh @ yellow train tne seececccecseces 30° left of perpendicular|Three very brilliantiId. 
down. meteors followed. 


iLeft a fa bright train for 2 COSC OvVESTeEsene [THES FAreTOEHS HOE HS OHEEL eeteaniosor ceesos etecccctasee eestor Id. . 
secon 

Len a right, ruddy train|........ sessacefersess sesetecsssense sesscecsea|sarsessseseerececessccsssoneee( Le 
for 2 seconds. 

\ ‘Left a train 1° leag COOOL seeccocnseesnss To left H horizontal.,.... Coe hOORERE LHRH CHOSE SEE OB HOES Id; 


[Left = train for 1 eecond.,.|10° .........[Parallel to d, « Urseel...ss.0.. 
Majoris. 


11/10 46 p.m.|[bid ...sosssee0. 


ecees. (Blue 


312 REPORT—1863. 
el 
Place of . Position, or 
Date.| Hour. Observation. Apparent Size. Colour. Duration. Alitude and 
muth. 
a | 
1863.; h m s 
Aug.11/10 9 20 [Wisbech (Cam-|/«2nd mag# ......|.. sscccecsssevees (L$ second .../From 3 Draconis 
p.m. aero) 4 (y Lyre, 
Cygni). 
11101317 ‘Ibid......... ooess-| = 2Dd MAG.# ...... Blue’ .........!1 second ......|From 2 Urse 
p.m. noris to « 
conis. 
110 16 p.m. Weston - super -|> Ist mag.# ....../Yellow......... 1 second +...|From Cor Caroli. 
wi 17 p.m. Hawkbarst = Srd mag.t......00¢ White ......... 1 second ....../From « Draconis; 
(Kent). of the way te. 
Urese Minoris. : 
11}10 17 20 |Wisbech (Cam-|= Ist mag. ...... soescsecevsccseees L$ Second ...|From 9 Cygni te 
p.m. bridgeshire). | Aquile. | 
L110 22 & |[bid ....escec.sess = 2nd mag. ...... inn sees eccooseso(t SeCON ...... From ¢ to 4 Cepl 
p.m. 
11/10 29 p.m. Weston - super -|> 1st mag.« ...... Yellow. ...... 0°5 second ...|Centre 4 (é, y) Urs 
Mare. | | Majors. 
11/10 $30 10 [Wisbech (Cam-|=<Srd mag. ......\sccssssvees sacceclescsccccssccccses.(Eassed a few a 
p.m. bridgeshire). | | ees abore th 
ole. ] 
11/10 31 p.m./Hawkhurst mm Srd MAZ.H  oeccee's ss esseeeees vooee. 0°8 second .../From 4 (P, M) Cs 
(Kent). melopardali to? 
| below dX Draca 
11/10 88 p.m.|Weston - super -|=3rd mag.# ......'Dark yellow 2 seconds...... From the head « 
Mare. colour, Lynx. 
11/10 33 30 (Hawkhurst =r 2} MAH... see. Yellow ...... Centre 8° below | 


0-8 second ... 


p-m. (Kent). 
1} 10 35 p.m. Ibid CORRE DEECBAHOD = 2nd mag.# @osegs White eeernnces 1:2 second eee From Ale tor 
iuchi, 
4600, Can. Vena 
ticorum). 
11/10 35 pam.|Wisbech (Cam-| = 2nd mag. ......!sessessesssoneree+/2 SECONDS. ..00. From 4 (A, He t 
bridgeshire). | + A 6) H 
culis. 
11 10 36 33 Thid eneeecvecteness = Srd mag.# POeTITMIIT ITT itty ttt eee i second sevees From r Castodt 
p.m. BAC 232 
| melopardali. 
11/10 37 p.m. Weston = super -|>> Ist mag.t ...ceeleeeeees esesseaeslecsees seseoerecee-{Started at « Cassi 
are. peir. 
1) 10 $9 p.m. Ibid PCCReeesesSSase = 3rd mag. eeeee ee eeeseseegeeensssse From nowt! ( 
rsa Major to: 
| below § Urs 
| Majoris. 
11:10 89 23 Widgeshire). = 2nd mag. # pesenel eee COPS cr ocaeseces| COCKE eenesEseeger From, " Perse to 
m. i ire Trian 
11 1040 30 Bement ’ = 3rd mag.* ...... ratio. esees'L-l second ...!To a, b ovay fron 
ent Bootis. 
Hl 10°43 p.m. Weston - super -|=<2nd mag-* ... lotus seseecnes I second ...... a TaN ! 
raze Majons. 
jl 10 43 p-m. Ibid Coseaeeseseses jo Sed mag.® 008s \Bloe peconeea Obae 0-5 second oe er iajer to & Urs 
ajoris. 
11/10 44 16 bap eet ice wx Sr MAG-€ ois... |sscsceseccccnccavelos sees sescovcesee-{From % (9, ¢) 0 
p-m. re Persei. 
11/10 45 p.m. Weston - super -| = lat mag.t.........|Yellow ...00..../1 second ......[From y Urse Ms 
joris. 


Jo . 
1 second ......\From Cor Caroli. 


es ee 


A CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS. 313 


a EE eee 
F Direction ; noting also ; 
Appearance; Train, ifany,| Length of | whether Horizontal, 
and its Duration. 7 Path. Perpendicular, or Remarks. Observer. 
Inclined. 


Peco deed Ss OFHDSSHSRCSAREREOTEOS corveseeETSHe er |TFMastensesvoseseseeensessnere & vec eescenevecescsevevccsavens Id. 


— 


Left a train 10° in length..|........ seseess To left; hhorizontal......|....sssccssessescvecsnsesseecs a H. Wood. 


Brightest at first; no train|........ bocesec|ocee esccneteccecesscosesesecs ‘Clear sky. Noshooting-.A. S. Herschel. 

or sparks. | stars after this for 10} 
| minutes. 
| S6Gee OSeeeosessaveseneesa Obese S. H, Miller. 


Left 8 train 12° long e@uecve 15° eaceenesee Directed from R.A.175°, COS oeernesesstOaee SOS teveeses W. H. Wood. 
N. Decl. 65°. 


jrutevoncarese CeO OSHS a OER OEREHESEE oeeenesOESOEose From Cepheus eesoces OO nesfrnsscercvecresns6® Ceevreroenncs S. H. Miller. 


Left 8 train for I second... oseseene Ceveccelececceveceas COD evecacesensccce|scgees COOCR eee ESED Ode eese Coee A. S. Herschel. 


smosseeccececapeetcecncctecoveces|Doccccesensses 40°rightof perpendicular|Serpentine; slow motion|W. H. Wood. 
lef a train for 4 a second|8°........... Ou a line through 3'........0.... soeereeeeseceeees A. 8. Herschel. 
Urs Majoris and! 


| Arcturus. 
ich atrain for 1 second COC erence edestoneel® SOosccvssecses® COecoasenrcsnes 08 COS r os R OES See esEnseOsanenes Id. 


Store veenese YY TY TYETEPOTI TILL CITT PEPE TTeere i seerevevcvescecococas eeeese O00 S. H. Miller. 


@eveceneceeve YY TOPE LIVI re eereverererry Sec0ce@ COBOO CE EHSERSeEEDEreee cancooleccee ODOC See DEE Sede Fes rEDOsFe® Id. 


Left a train 6° long oe eeteleoevcnse eovvece To right ; horizontal ove PeCooneeheseaeveosesceoneeneeee W. H. Wood. 


5000S ope OOS OED SOHEHSS SHEHSEHEHESIcnserocese TYTTIC LL COP OHATEO SS eeAOERer FT HOHOROSH SHO LOSHSS THOR HEOHGESDS Id. 


verecccneneceoene® mTHTTITITITI IDC sasesanteuasacsseeanecasensuce PTETTITIEIT ITLL TT TTT Ss. H. Miller. 


lo train or sparks ecccccecs(oe Csvesses seve lseeeseses Peon eden reeeStererreleneece PYTYTTTTTTE TTT Ti Oeveceen A. S. Herschel. 


imesvecce cccccccccncsccscscces {14° sasessese/40° to left of perpen-\Two meteors followed W. H. Wood. 
dicular down. each other closely. 


beteosce og ene en ee8es eee Seueneevtsciza COTO PEHANAHS Ss SESHHSOSSHSOSHOSHHSEHCSHSOSOSHEH ve loos @eoesGGecconensecen eesbsaneange 


sae eeeoeoeeesesronsesse SOO HKT cela ree seSBDOe dec sr(eeTUOOHOKTTSHHSSSHSEK cot asevenissgeseSBFevensansonsssespaceee Ss. H. Miller. 


YET PEP I PTT 14° Beecevene 40° to left of perpen- COCe ec eesRSOKSHdeseeseocecessre Ww. H. Wood. 
dicular down. 

C000 o HEHE OCOEAOOH OTHE SESE SEs 3°, slow eee 30° to right of perpen- Hid the etar Cor Corali Id. 
dicular down. in transit. 


314 REPORT—1863. 
er 
Date. H Place of : . Position, or 

a our. Observation, | APparent Size. Colour. Duration. Altitude and 
Azimath. 
1863.|h m s 

Aug.11/10 52 p.m. Weston - super -|=3rd mag.# ...... Blue....0«....0.{L second ..,...,From ¢ Urse Wi 

Mare. joris. 
11}10 53 30 |Hawkhurst =2nd mag.* ...... White ......... 0-8 second ... From 3° N. of 
p.m. (Kent). Lyre to xz He 

culis. 

11/10 59 p.m.|Weston - super --=1st mag.# ...... White ......... 0°5 second .,.'Started at y Al 

Mare. dromede. 

11/10 59 31 |Wisbech (Cam-)=2nd mag.+# ...... Blue,.......--11§ second .../8 Andromede to 

p.m. bridgeshire). | Piscium. 
11/11 0 p.m./Hawkburst =2nd mag.# ....».|White ......... 0°7 second ...|From 4 «, a De 
(Kent). conis to } 3, 
Ureve Majoris 
11/11 0 p.m./Weston - super -/=2nd mag.* ......'Yellow.........(2 secs.; very|From 8 Ure M 
Mare. . slow. Joris 

LULL 2 p.m. Ibid ....00...eceees > Ist mage — ....../ Yellow ....c000{ BECOME ....0c]ecceernereresercensend 

L111) 9 p.M|Ibid .....ccccseveee/>> 1st mag.® ....../Yellow ......+..[1 second ......|From y Bootis to 
Corone. 

11/11 15 p.m.|[bid......... soooesf = 2Nd MAg.*# ...00./Blue  .........(L second ....../From y Ure 
noris to « 
conis. 

TLL) 17 p.m. |[bid .....-.sescccof>>18¢ Mag. ...... Red ...sseessee(1 second ......|from mouth of 
randus to 4° 
low Polaris 

11/11 24 p.ma|[bid ........0..00:.{s>18¢ mage ....../Yellow....0.../L second ......|From 4° above 
Urse Majoris 


B Urer Major 
1/11 27 p.m.|[bid ......cccce0-.-[== 186 mag.  oo.../Blue....sscceeee/1 second ......|From 8 Draconis 
Lyre. 
11/11 29 p.m.|Dbid .......0.....--/= 1st mag.® ......|/White .........[1se cond ......|/From p to 8 Ua 
Majoris. | 
LVI1 31 p.m.|Ibid .............4. =2nd mag.# 2.0... Blae....cccceeee{h BECOME vee... Prom x Bootis to 
Urse Majons.: 
L111 33 p.m.| Ibid .........0....-[== to Jupiter ......|White ....0..+.|1 secomd ..... _,Froml3Cameo 
dali to § Aun 
1}}11 38 p.m)}-[bid.......... oooe[= 2nd mag. ...0--(/Blue  ..0...... 0°5 second ...|From the mouth 
Tarandas to n¢ 
Polaris. 
12} 0 2 am.|Ibid........ ssooeee(>> let mag.#.........(Blue, then [1 second +...|From Polaris @ 
white. Ursee Minors. 
12} 0 3 am.|Ibid ............0.. >> Venus, very vivid/Red, then yel-|1 second +...|From 8 
meteor. low, then medze to 8 
green. R. A.9°, N. 
20°. 
12 0 ° 15 |Ramsgate(Kent)/La bright me-|........... sesseeele sesessseesececess(From o Lyre 
teor. Herculis. 
12 9 34 p.m. are. super -|= to Sirius .........; White ......... 1:5 second .../From y to§ Boo 
12) 9 28 p.m. |[bid ........0000-/= 3rd Mag. 2.0... Blue .....00+./0%5 second ...|From £ too Cass 
we. 
12} 9 34 p.m.|[bid .........20....|Meteor= toJupiter|Yellow, then/2 seconds...... Prom R. A. 2 
red, then N. Deel. 6 
green. 4° below H 
Camelopariel 
12} 9 38 p.m,|Ibid ........+......| == 1st mag.#.........[Dark yellow|2°5 seconds ...|Commenced 5 
colour. at altitude 15° 
12:10 8 P m. Hawkhurst =Srd mag.* ....../ Yellow ......../0°7 second .. Brom one quater 
(Kent). half the coon 
‘| reckoned from 
Persei to ¢ Ceph 


eee TT OOS 


A CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS. 815 


Train, if Length of MTlether Posen Jor a 

Ce 3 » if any, o whether Horizon 

and its ‘Duration. Path. Perpendicular, or Remarks. 
Inclined. a 


Observer. 


mmnecceee8GG e68e008 @eeneonseses @sesnjlesee @eeeneeteoase 45° to left of perpen- SSSTEOSVOSRSSHSOKEHSSSOKRAGRteaaes W. H. Wood. 
dicular down. 
Left a train for 4 a second ROSCOE EEESSHE ODI SS SSETHOK ST SSHHOSHESHHEEHSeH occa SEHSESH KEE HHRAHHeHHELESHSSSEEES A. Ss. Herschel. 


Left a train 4° long. ......|....scscecees -[To right ; horizontal ...]......cscessssssoscssssesonees W. H. Wood. 


Wweeeecces eT ee he SCTCRASHCOHSCHS HHS HE SECS ODSCEORRBES Cooeneenecnes Ss. H. Miller. 


Left a train for 1 second...|............. oclesees ceccsccecccccs eecocccecss [ones eeececceccccccsacssceccecs A. S. Herschel. 


keft a train 14° long ......|........ ssseee45° to right of perpen-|......... sessevssesecees aas..(W. H. Wood. 
dicular down. 

heft a train 6° long.......0. 6°... .consccece To left ; horizontal COnvealesseeetebeonede COCe dese @aanes Id. 

Left a train FOSS FO CHEEEEHEEH OaLTSOHEDCESOBSOMel a gered ERETOHOOS HTS HSCOHREK EME PSOHSSHORS OOH HER DHeeraresheene Id. 


Let a trein PESOS DODSSS TODA De | TOEDAE SOOO Ceti gees rrr dC ODOT eSEEDESHRDESIDOSTOOSETODEDEDEERH EES DEORE EEs A. Ss. Herschel. 
Left a train SOSH cc sdheSesesgae(seoeese Obeveestl ress COReecoeesonnnes Coens eorac | seersn ences ecensnn edeeccscess W. H. Wood. 


Left a train oy LT Tre PEreri rir i pss Ea Pye rer vert ee VPeceosenassocnnsovs eotes BCoocccsaneosnvee eeesecen Id. 


Left = white train for 2\.......0..0),.. sssneesavstsevesecsentogs,|tteetssasssesseacsesesesecas Id. 


Left a train OE SCOORCEHeEEBESSER!|* See e8 oocescee seacccescvedccesercescesecs Baopesecceseseeesaccansantecsasees Id. 
darst with a flash which eeccesccssceasele Besees OCeetocercesessesnncene See Appendix II.No.(15) Id. 


= 
mecca eeseece DSO COLORS Fenner eecen|  HOBessveee SCORSFe SR eeHMSTHSHEHECOSTS San HSoREHT EH ECHeoeohEHODEEDSESsESEErEREEEDE Id. 


Ded train, 2 seconds ODD THDITSO TOO OOS FEES DEl se wECCECEHEDSOEH TEES HSCUS Ree ree] SESEDOTTEO ESE EES ED OEOSECEEHCOD Id. 


14° long SCOSORH Cece se FOF SFonsnaseece 40° to left of perpen- eevenenocees ReeeeHRHTeSeseSOSese (d. 
dicular down. 
cram or sperks OFS SSHEL SOOKE SESH ereeobove see eeoosee® CCocevcoave ORO cece] eee ePenesseeTesnceelBserssesses A. s. Herachel. 
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| Position, oF 


Place of . 
Date.| Hour. . Apparent Size. Colour. Duration. Altitude and. 
Observation. PP ee el Azimuth. 
1863.) h ms | an 
Aug.12:10 16 p.m.'Hawkhurst == 2} MAg.# roccseseeler senecccnccccscnslececscescses sees /From o to & Di 
(Kent). | i conis. 

12/10 18 p.m. Weston - super -'== 2nd mag.# ...... Blue ....0.0../1 second +.../From »Androme 

are. 

1210 21 p.m./Ibid ....... serene = Ist or 2nd mag.« Blue ........./1 second -+-.../From p Androw 
! | dae to 56 And: 
mede. 

12.10 24 p.m. [bid ....0c...c00006/223rd Mag.# sooee., Ble ...0440-/0°5 second ....Commenced st 

' Draconis, pass 
' over » Urse M 
joris. 

12/10 27 p.m.|[bid .....cccessseee = Ist mag.#....00.5-|Blue  ..0..040. 0°5 second ... Passed from, cid 

! io Fi Une M 

12}10 28 p.m.|Hawkhorst =3rd mag.# ......|. sesececneesconese/0°B SECON one \From. % to 3°} 

(Kent). of y Bootis. 
12/t0 35 p.m. Weston - super -|=2nd mag.® ...2./BIWE ,..000+--{1 sec. +, slow|From e« Cassiopé 
are. 

12)10 42 p.m.|Ibid ...000...cc00e-|=:2nd Magee .00..-/BIWE ...000...{0°5 second .../From mouth 
Ursa Major to 
or 4° below 

| reve Majoris. 

12:10 43 30 |Hawkhurst =3} MOG. crccescclccsccsccncesscees '0°7 second ...|From « Hered! 

| p.m. (Kent). 4 of the way t 
! Ophiuchi. 
1210 46 pam. |EDid .......ssecceee| = Srd Mage cecseslesscecesseesveneee 1-2 second ...|Centre at ¢ Lyre 
12/10 46 om Ctifton (Bristol) |=Srd mag.# ......|-.s0sssssesseeeee(L S@CONG .. .|Erom RAG 7 
Pegas 
(8 ai 
Norme 
12 10 46 30 Ibid ero conenesesoce =3rd mag.* PPP OEE] ecee Oveedsovecces 1 second eeeene From Aquai 
| p.m. k Normz) to 
, Capricorsi. 
12/10 47 p.m.‘ Hawkhurst =3rd mag.# .....| White ........./1 second ......|From 2 over 
(Kent). Bootis to 0! 
Arcturus. 
12:10 48 30 [Clifton (Bristol) |—=1st mag.e .cc...|.csesssseesencenes 1 second ......|From altitude 
p-m. | in S.B. to altitu 
| or) through cou 
12/10 48 39 |Hawkhurst =$8rd mag.* ......|Saffron.......:. lo-4 second . --|Centre (N Car 
p.m. (Kent). ali, AU! 
Minoris) 
12,10 53 45 [Ebi coe. .cccecseeee = Zh MAG. H o00.,.000| Yellow ...000-../] S0CONG ooe...|From M va 
0 
a rase Majoris 
Camelopardal 


12/10 57 p.m.|Weston - super -|=3rd mag.# ...../Blue .........(0°5 second ...|From #Androm 
Mare. 


12 ll 10 p-m. Ibid SSeS eesoseses = to Sirius eeeeaasae White eeceesene 1 second +... From B Pegasi 
4 (a, %) Peg 
and 2° furthe' 

12)11 10 30 [Clifton (Bristol) |> Ist mag.e ......!......ccseeeoeeeees 1 second ....../From 4 A, # Pes 

p.m. | to + (2 a) | 
gasi. 

12/11 17 p.m.|Weston - super -|= Ist mag.# ......|White ........./0°5 second ..,/From H (30) ton 

Mare. B Ura Mijo 
and 5° beyon 


a ST 
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Direction; noting also 
Appearance ; Train, if any, Length of | whether Horizontal, 
and its Duration. th. Perpendiculer, or 
nclined. 


Remarks. Observer. 


ee 
i 220 SO COS HSSSEHHSHSHSHSSCHOHSHSERSE oc eHVEBaoeesesesiaag SHO ceseseseasegensncsesSGacei eee COGaeroeoece COOSSneeeesesnas A. Ss. Herschel. 


Meft a traim 12° long ......|.-.ccccsseseees 70° to right of perpen-|...coocce.ssssccocescossesseee| We H. Wood. 
dicular down. 
Left a train SSHSsrAsTeSSssessegSGalrsreeseSsestaseizsas OStaanene SOSSSSOSHRe ce geese e{(FESOSOSSESOOREHSCHFSATERZECTETSEE {d. 


ce] 
4 ncecccececcce PSCKOROHC LESH COLES 8 eee eoeteeseelevenccenucnce Oovecccnusses buscl[eseescvee SBerecene Ceerer evetes Id. 


LAR a train © OS oer OSO ee eee ehGe ceDeEHaeeOORevolerscareserescosesees @eovecconess eae? Oareosecece eascesorvecs eee A. S. Herschel. 


‘Weft a train 4° long ......)-ccsssecesssees{80° to left of perpen-|Nearly horizontal ......\W. H. Wood. 
dicular down. 
| Left a train SSCOSHSHFORSSSeESSSS © FFOOHERSHAGOaeTEORHetsoorseed OPecnncnsoeses SHo LoCo eeesorareneacsaeneoconarsess A. S. Herschel. 


iNo train or sparks ......... [rtereeens cveseclevees coeccececcagacccovvscccce|seecseersese eencceveccescccecs {d. 


Left a train for | second... 18° ouevececes Directed from ry Cygni eonleee Poervvscseecy Abeer cccecoeses Id. 


ssceceeesoosee SSHSSS FO SOHS SSH EOD | COPS SECOTHH HESS gga aEOEOOOEHREORESHROHESOH OHH SOHSHSS HHH eevebeeranenDneresbes G. F. Barder. 


seers er aOSGoeeece SOHC HS POESSE aS eEOO ae gSOHeHeecenese (OH aSGESO PET ESHEOT SE ESRSEEEEHRE | FESORESHS HHH or eEHBesrasanereas Id. 


Left a train wee eserccscvacsens g° OObcvcces Directed from 9 Urase... CRO e er eveneraaseosonrecscenves A. Ss. Herschel. 


| necccccccerccacsssccscscscosees T° cseccclececcessesccece seucevncccccces|¢*seeetessccssecessenscesseees G..F. Burder. 


foc veeecccccecce ev vcecsssceasceces De Soscccece Directed from ¢ Uraee PTY ITITeTTSTTTTTry) erocceteves|As Se Herschel. 
! Minoris. 


\Left a train for 1 second... COG eserecceccegclvesasees Cooeerenssroceseneeesieerressseesen PERO LORS eEDerecs Id. 


. osee® SO POS SHHSECeasereedeesoeen 20° ecvcgocce Fell vertically PY TTT TT TTT Le WwW. H. Wood. 
\Left a train SOCOOSTO OD ODOC EEOOS sageaveces eebhe Almost vertical TSS TTT Tie de Id. 
| 


TEL ET TRESOT ILI ii liririrereTTerrTT Terri Course nearly vertical... aeueneees COdevererognces Senne G, F. Burder. 


@ track upon thel.......cccccccslcscoccscssscocsscccccsecccs | eseceseveccen peecvcccccccess W. H. Wood. 
whole course. 


318 _ REPORT—~1868, 


Place of : e Position, vn 
Date.| Hour. Observation. | APperent Size. Colour. Duration. Altitude and | 
Azimuth. 

1863.! h m 8 

Aug.J2,11. 26 p.m.|Weston - super -|=1st mag.* ...... White .......5. I second ...... From 8 Bootis to 
Mare. Corone. 

1211 30 30 |Clifton (Bristol) |=2nd mag. ....,.[escssvssssessseees 1 second ......|Centre } « Pega 
/ p-m. | | 8 Equule. | 
12/11 32 30° {Ibid ..s.....-..00-. = Brd maget ceceslcccscesessessenes 1 second ......From } a, Z Aqui 
p.m. ; | 


to + (, 6) Se 
pentis. 


APPENDIX. 


I. BroarapuicaL Notice or KE. C. Heratcx, late Treasurer of Yale College, 
Newhaven, Connecticut, U.S. 


Edward Charles Herrick, the late promoter of meteoric astronomy in 
America, and the subject of this notice, was born at Southampton, Long 
Island, New York, on the 24th of February 1811. Asclerk in an extensive | 
book-store, he cultivated an early taste for accurate knowledge by successful 
studies in entomology. After a memorable storm of falling starsin November | 
1833 had fixed the attention of scientific men, Herrick directed his talentsto 
the field of meteoric astronomy, and remained until the middle of the past 
year the most vigilant observer and the most careful recorder of wandering 
stars in the New World. We owe to Herrick and to Quetelet the knowledge 
of the periodical meteors of the 10th of August. The discovery of this im- 
portant date was made independently by Herrick in 1837, and by M. Quetelet 
in 1836*. Both observers maintained after that time a yearly watch for the 
display, and published their observations in the Journals of their respective 
countries. The annual frequency of meteors on the 20th of April, in the 
middle of October, and on the 6th to the 8th of December, their greater fre- 
quency in the morning hours of the night, and their greater abundance in 
America than in Europe, are facts of which we owe the earliest knowledge 
to the observations of Herrick. M. Quetelet thus wrote to Herrick in 1861. 
‘‘The additions which you have made to science will always be among the 
most important and among the most useful for the conclusions which have 
hitherto been drawn from them.” Herrick died on the 11th of June 1862, 
in the 52nd year of his age, being Librarian of Yale College in 1843, Librarian 
and Treasurer in 1852, and Treasurer in 1858. He is succeeded in the 
Committee of the Connecticut Academy for the observation of luminous 
meteors by Professor H. A. Newton, of Yale College, whose recent contribu- 
tions to the American Journal of Science greatly advance the present state of 
meteoric science. 


II. Msereors DOUBLY OBSERVED. 
(1.) 1859, October 25th, 7" 15™ p.x. 
The meteor seen at Holyhead, and twelve miles W. of Athlone (in Ireland), 
* American Journal of Science, 1st Series, vol. xxxiii. p. 401. 
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Direction; noting also 


‘Appearance; Train, if any,| Length of | whether Horizontal 

"and its Duration. Path. Perpendicular, or ‘ Remarks. Observer. 
. Inclined. 

et RB RIMIM ......ccvcccccnece senavcevccscccslecenccceecnccccsceenseeseseseslescoseccsccsececscoseacenscses W. H. Wood. 


appears to have been directed nearly upon the latter place, and to have flown 
140 miles in three to five seconds, from seventy miles above Southport in 
Lancashire to twenty miles above Balbriggan on the Irish coast. At fifty 
miles from Holyhead this meteor produced an illumination like daylight, 
and which cannot have fallen far short ofthe full moon. An equivalent globe 
of gas-flame should be 40 feet in diameter to produce a similar effect. 


(2.) 1860, November 1st, 8" 30™ P.M. 


A falling star as bright as Mars, and throwing off discharges of fragments, 
observed by Mr. Lowe at Beeston and by Mr. Penrose at Swanage, although 
roughly observed at the latter place, can be seen to have flown upwards of 
sixty miles in three seconds, from eighty miles above Wolverton (in Bucks) 
to thirty miles above Warwick. At 945 yards it would have shone with the 
brightneas of fall moon, and the diameter of an equivalent globe of gas-flame 
would be 24 inches to produce a similar effect. The colour of this falling 
star was red, and no train was left upon the track. | 


(3.) 1862, September 19th, 5* 50™ p.ar. 


This meteor appeared as a brilliant fireball, even amidst the rays of the 
setting sun. Exact measurements of the flight are wanting for the estima- 
tion of its real path ; but it appears to have pursued a track perfectly similar 
to that of the meteor which followed it upon the same evening. 


(4.) 1862, September 19th, 10° 15™ p.m. 


This extraordinary meteor exploded in the zenith of London. Three in- 
dependent calculations, by Mr. Wood, Mr. Barder, and Mr. Herschel, agreed 
in placing the height of this outburst of light between fifty-five and sixty miles 
above the city or very little towards the South of London ; and from the extreme 
brilliancy of the spectacle, it is probable that at places 150 miles from the 
meteor, the splendour of full moon was experienced from its light. On this 
estimation a globe replete with gas flame 83 feet in diameter would 
adequately represent the illuminating power of the flash.. The remainder of 
the flight is variously assigned, from 126 miles over Boulogne, or from eighty- 
three miles over Canterbury, to thirty miles over Oxford, thirty miles over 
Chesham (in Bucks), or thirty-three miles over Woodstock in Oxfordshire. 

0 report was heard to follow the explosion of the meteor. 
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(5.) 1862, September 22nd, 10* 22™ p.x. 


This falling star resembled in character that of November Ist, 1860 (No. 2). 
The point of disappearance is situated twenty miles above Dungeness Point, 
where the meteor arrived from an origin exhibiting little apparent parallax at 
London and Etchingham, but having its direction in the constellation of the 
Dolphin. If the commencement of the visible path is placed 150 miles 
above the Cape of la Hogue, an interval of 170 miles to the point of extinc- 
tion was traversed by this meteor in 44 seconds of time. The meteor re- 
' sembled Mars. A globe of ignited gas two feet in diameter would sufficiently 
represent the intensity of its light. 


(6.) 1862, September 25th, 6" 15™ p.m. 

Exact accounts of the two meteors which appeared in the South of England at 
sunset of this evening are rare. The first was distinguished by a remarkable 
contrast of red and green colour in the head and vaporous envelope of the 
meteor. A low flight with moderate velocity over the county of Hampshire, 
is rendered probable by the observations at Weston-super-Mare, Ventnor, 
Lamberhurst, and Ticehurst, performing sixty or seventy miles in six or seven 
seconds of time from forty-five miles above Petworth in Sussex, to fifteen miles 
above Salisbury town. The meteor was splendid even in daylight, but no 
report was audible. 

(7.) 1862, September 25th, 6° 30™ p.x. 

The second meteor was vertical at Weston-super-Mare. It was seen at 
a considerable altitude in the S.W. at Hay and Great Malvern, and nearly 
in the zenith at Kimmeridge in Dorsetshire, at the time of its first appearance, 
descending thence towards the south of west from all the stations where 
it was observed. A nearly horizontal course from sixty miles above Swindon 
in Wiltshire to forty miles above Padstow in Cornwall, corresponds most 
closely with the observations of the flight. This meteor was globular, white 
or blue, and attained a size before disappearance compared at Corwen in North 
Wales with that of the moon. No report followed its disappearance. 


(8.) 1862, November 16th, 10" 45™ p.m. 

If this meteor did not move over the open sea, it may be surmised to have 
passed above Start Point (at a height of forty miles), and downwards towards 
the sea in the neighbourhood of St. Ives, in Cornwall. This result is un- 
certain, from the absence of precision in the observations. The meteor appears 
indeed to have been of the class of larger falling-stars*, and not a distant fire- 
ball. 


(9.) 1862, November 26th, 6" 40™ p.m. 

Vertical over Selkirk. At Leeds the meteor traversed the last two stars in 
the tail of Ursa ; its middle point had an altitude of 19° directly over Selkirk. 
The height above this town was therefore forty-two miles, and in its onward 
course the meteor was directed to an earth point upon the Kirkcudbright 
coast. The meteor terminated at an elevation of twenty miles, with great 
brilliancy, and with a loud report audible at Selkirk. 

(10.) 1862, November 27th, 5° 47™ p.u.t 

The path of this brilliant meteor was sensibly horizontal. From thirty 
miles above the mouth of the Scheldt (lat. N. 52° 6’, long. E. 3° 7'), to twenty- 
eight miles above the mouth of the Seine (lat. N. 49° 49’, long. W. 0° 23), 
the meteor travelled 220 miles with varying brilliancy in 5 seconds. At 


* See Nos. (2) and (5). t See this Appendix, No, JII. 
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Caen in Normandy, forty-five miles from the explosion, a loud report was 
heard after the disappearance of the meteor. The diffused light at Hawk- 
hurst resembled perfectly the light of the half moon, then shining in the same 
direction. At thirty miles the meteor would have rivalled in splendour 
the full moon, and a globe 29 feet in diameter, replete with ordinary gas 
flame, would suffice for an equal luminous effect. 


(11.) 1863, January 27th, 5° 30™ p.m. 

This meteor appeared in strong daylight. Six miles 8.E. of Stirling it 
appeared to descend vertically upon Bannockburn; and at Auchterarder, in 
continuation of the same line, it passed overhead, still going north-eastward 
to the horizon. 


(12.) 1863, February 7th, 6° 30™ p.x. 


An exceedingly large meteor appeared before the departure of twilight. 
At Loch Fine in Argyllshire, at Lauder in Berwick, and at Elie and Leven 
in Fifeshire, it presented the same appearance of a body moving horizontally 
in 8.W. (from N.W. to S.E.) ;—and the variation of altitude in the west and 
east of Scotland was no more than 25° to 123°. The meteor appears to have 
skirted the westernmost points of the Scottish Isles, from Barra Head to the 
Mull of Galway, at thirty-six miles above the sea, and was doubtless observed 
at Belfast as a striking object. At eighty miles from Greenock, a flash like 
that of lightning was produced in closed apartments. If the meteor rivalled 
the light of full moon at this distance, an equal light would be produced by 
a globe of ordinary gas flame 56 fect in diameter. 


(13.) 1863, March 4th, 6* 36™ p.u. G.M.T. 

Dr. Ed. Heis, Director of the Royal Observatory at Miinster, has published 
a pamphlet containing the particulars of 100 different accounts of this meteor, 
of which the following is a short abstract. The meteor at first resembled a 
bright shooting-star, advancing with leisurely speed and expanding until it 
appeared, to some observers, to attain the apparent size of the full moon, 
which was then above the horizon. The landscape was everywhere illumi- 
nated as if with the strongest artificial light, and to the majority of the 
observers the meteor appeared to fall within a few yards of their position at 
the time. Drs. Baumhauer and Krecke communicated particulars of the 
meteor to Prof. Heis from stations in Holland and Belgium, and M. Quetelet* 
from Brussels, Mr. Greg from Manchester and different parts of England. From 
astronomical friends, and from other sources in Rheinland, Hanover, Holland, 
England, &c., M. Heis received upwards of 100 different accounts. The meteor 
was visible over an area of 100,000 square miles, including in a six-sided figure 
the towns of Manchester, Brighton, Treves, Erbach (Odenwald), Hanover, and 
the northern coasf of the kingdom of Hanover. The extent of this area is, from 
Manchester to Erbach, 553 miles ; from Brighton to Bremen, 401 miles. The 
duration of the flight was between 4 and 5 seconds, or, according to five trust- 
worthy accounts, 34, 5, 4, 4, and 54 seconds of time. 


The time of disappearance 7° 6™ p.m., Miinster mean time, 
99 ” 6 45 99 Paris . ” 
” » 6 354 ,, Greenwich _e,, 


The figure of the meteor was elongated, appearing circular in the direction 


18 63 Bulletins of the Belgian Academy of Sciences, 2nd Series, vol. xv. No. 3. 
J. Y 
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‘of its motion, but in a transverse direction conical or pyriform, with a length 
from four to ten times its greatest width. Two trustworthy accounts at Brussels 
and Utrecht give half the diameter of the full moon as the approximate appa- 
rent width of the head, from which M. Heis infers a diameter of 460 yards 
for the nucleus or focus of the light. In the early part of its flight the 
meteor nevertheless resembled an ordinary shooting-star, and only gradually 
attained its greatest splendour. An imposing light was thrown upon the 
landscape in the greater part of the area over which the meteor was visible. 
In comparison with this, the full moonlight appeared to pale into insignificance, 
and in some towns of Belgium the light was even compared with that of day. 
The colour of the meteor, in the zenith of the observers, changed from white 
to deep red, which was also the colour of the pointed tail. At last the meteor 
disappeared suddenly, without breaking into fragments. The tail, however, 
contained parcels of vari-coloured light, which appeared to be detached during 
the flight. At Eerzel the meteor appeared as a small stationary moon or ball 
of light at the centre of a conflagration which exhibited kaleidoscopic colours. 
The ball itself was red. It presented the same appearance through the windows 
of a side aisle in the church of Looz, and its passage across the west window of 
the Cathedral in Miinster afforded means for accurately determining the appa- 
rent course at that place. Many of the local accounts collected by M. Heis 
in a journey of three days, undertaken in May near the line of termination 
of the meteor, are instances of lively terror occasioned by a meteor of the 
largest class. A report was heard in North Brabant like the explosion of 
distant powder-mill, at which the earth trembled, and houses and windows 
were shaken. The interval elapsed was a minute at Herzogenbosch, and yet 
smaller near Eerzel and Eindhoven, where the meteor was vertical at disap- 
pearance. The reports also resembled those of cannons in irregular succes- 
sion, followed for 20 or 40 seconds by rattling noises, which gradually expired. 
These sounds were heard to a distance of eighty miles north-east from the 
explosion. 

The apparent paths, observed in different quarters of the heavens, show the 
meteor to have advanced from 5° W. of N., altitude 22°. In the case of 


3. Hanover. 32. Maestricht. 
14. Brussels. 37. Eerzel. 
17. Ypers. 40. Helmond. 
27. Leyden. 


meteorites and oblique meteors the points of the horizon towards which they 
appear to move depend upon the geographical positions of the observers, and 
cannot be employed alone. 

At Minster the apparent course was referred to the stars, but three only 
out of forty exact observations were recorded in a similar manner. The 
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accompanying chart represents the comparison of these accounts. The méteor 
accomplished a visible course of 187 miles in 4 or 5 seconds of time, with a 
velocity of 414 miles per second, from eighty-eight miles above the North Sea 
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I Minster. 10. Goch. 23. Hawkharet. 
. Borgholzen. 19. Namur. 25. Leuwarden. 
4. EBupen. 20. Jodoigne. 27. Zaandam. 
3. Richterich. 21. Looz. 28. Deventer. 
9. Walbeck. 22. Manchester. 31. Arnheim. 


in N. lat. 53° 50’, E. long. 5°, to 17 miles above the southern part of North 
Brabant in N. lat. 51° 28/, E. long. 5° 18', with a (geocentric) trajectory di- 
rected from R. A. 270°-5, N. Decl. 61°. The heliocentric trajectory is from 
R. A. 337° 47', N. Decl. 81° 39!. 

The orbit about the sun, according to Professor Heis, is direct hyperbolic, . 
like that formerly calculated by M. Petit, Director of the Observatory of 
Toulouse, of a meteor seen on the 29th October 1857. 

The elaborate explorations of Dr. Heis in the neighbourhood 8. of Her- 
vogenbosch in North Brabant, describe the district where fragments of the 
meteor may in future be found, if the déstructible nature of meteoric stones 
leave still any hope of their recovery. 


(14.) 1863, March 28rd, 8" 30™ px. 


This meteor was the subject of numerous observations. It originated 
nearly fifty-five miles above the sea, fifteen miles southward from Chale (in 
the Isle of Wight), and shot sixty miles in three seconds, disappearing with- 
out audible report fifteen miles above the sea, seventy miles 8. of Purbeck 

Y 
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Isle in Dorsetshire. A globe of gas flame 16 feet in diameter would represent 
the light of this meteor according to the best accounts of its appearance. 


(15.) 1863, August 12th, 0° 3™ a.m, 


This meteor illuminated the scene at Weston-super-Mare in Somereetshire 
and at Ramsgate in Kent with a flash of diffused light. The path concluded 
from the observations is from 122 miles above Cobham (in N. lat. 51° 17’, 
W. long. 0° 25’) to eighty-six miles above Havant (in N. lat. 50° 51', W. long. 
0° 54’). The visible flight of fifty-two miles was performed in rather more 
than one second of time, from the direction of 32° east of north, altitude 45°, 
terminating in a flash of brilliant light. 


III. Parn or Mereor, 1862, November 27th, 5° 47™ p.m. 
Calculated from ten accounts of the foregoing Catalogue. 


Of ten observations, four lines of sight of the point of disappearance inter- 
sect each other, twenty-eight miles high above the mouth of the Seine in 
long. W. 0° 23', N. lat. 49° 49’, viz. : 


Grantham ........ Meteor vanished. .4° E. from 8S. ...... Altitude 7°. 

Saltford .......... Meteor vanished. .38° E. from 8....... Altitude 10°. 
Weston-super-Mare Meteor vanished. .45° E. from 8. ...... Altitude 10°. 
Tunbridge ........ Meteor vanished. .15° W. from 8S. .... Altitude 18°. 


A provisional path to this point of disappearance, from fifty-five mules 
above the mouths of the Scheldt (long. E. 3° 40’, N. lat. 51° 21'), is ap- 
proached, in the following manner, by four other observations of the point of 
disappearance or explosion. The line of sight at— 

Sunderland (5° W. from S8., alt. 3°) is 1° above, 11° onwards from disappear™. 


Clapham e (11° ” alt. 18°) 18 6° 9 5° ” 99 
Hawkhurst (14° —s,,_~—s alt. 15°) is 5° below, 0° 99 o 
Deal...... (26° » alt. 20°)is3° 3 ,, 13° backwards ” 

Difference .... 1° below, 3° onwards » 


The place of disappearance is therefore determined by four intersecting 
observations, as well as by four other observations whose errors very nearly 
balance each other about the same point. 

The ten observations of the earlier portions of the meteoric track pass, with 
respect to the provisional path, according to the following Table of errors. 

The obgervation of first appearance at— 


Before 
Distance. extinction. 

Miles, Miles. 

Sunderland ............ 320...(40° E. from S., alt. 9°) ...is 10 miles below the track......210 
Grantham _....... ‘oe00-200,..(35° 5 »  11°%)...i8 3 ,, above 19 teens 104 
Saltford eencenteeoennenece 160... 68° T) 9” 10°)...i8 3 29 below 99 seo eee 88 
Weaton-saper- bare .-300...(Due EB., alt. 10°)  ...0000s. is 12 ,, ” 9 eee eee 190 
Clapham .........s0.00 110...(28° E. from S., alt.17°)...i8 3 yy ns 9 tees 65 
Tunbridge —........000 90...(44° »  33°)...i814 ,, above 19 tre eee 85 
Hawkhurst Berccaaveues 85. oe 8° 99 99 30° o 18 2 ” Td 50 
Deal ..........ccccenceees 70...(44° 5 »  33°)...i812 45 ” 1 tenes 125 
Cambridge ............ 160...( 5°, »  16°....i812 ,, ” 99 wan eae 22 
Broxbourre .........++ 120...(23° 55 » =19°)...i8 1 op oe 1 teens 83 


Seen from the point of explosion, these ten observations of first appearance 
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surround the provisional path very closely, but are more crowded together 
north from, and below the provisional track, The ten lines of sight, drawn 
in perspective from the point of disappearance, and strengthened in propor- 
tion to the proximity and early view of the meteor (contained in the first and 
last columns of the Table), indicate a point 15° northward and 6° below the 
centre of the projection as the moet probable direction from which the meteor 
approached its bursting point. The corrected path is horizontal directed from 
azimuth 225° (W. from 8.), and commenced thirty miles above the mouth of 
the Scheldt in long. E. 3° 7', lat. N. 52° 6'; the termination, as before, being 
twenty-eight miles above the mouth of the Seine in long. W. 0° 23’, lat. N. 
49° 49’, thirty miles N. of Caen, and seventy miles 8. of Worthing in Sussex. 
At Caen, in Normandy, a loud detonation followed the disappearance of the 
meteor. The length of the path is 220 miles, performed in four or five seconds 
of time. ; 

It is probable from one account of the first appearance, and from the irre- 
gular form which this meteor afterwards assumed, that a group of many frag- 
ments composed the meteoric mass after its collision with the atmosphere. 


IV. Mergorrc SHower or Aprit 1863, and Conclusions of Professor 
H. A. Newton. | 


A considerable fall of meteors was observed in England on the morning 
of the 21st April 1863, from Newe (Aberdeenshire) in the north, to Weston- 
super-Mare (Somersetshire), and Hawkharst (Kent), in the south of England ; 
followed, on the evening of the 22nd, by a total absence of meteors during 
several successive hours (see Catalogue). At 3* a.m., on the 21st April, the 
number was 40 per hour for a single observer. The definite nature of this 
phenomenon led to a comparison with the great shower recorded by Herrick 
to have happened on the morning of the 20th April 1803, The observations 
rendered it certain that the date of the cosmical phenomenon had advanced 
twenty-four hours in the course of sixty years, but the cause was not 
detected *. 

Professor H. A. Newton, in the American Journal of Science and Art 
(vol. xxxvi. p. 145), has shown that the precession of the equinoxes produces 
a delay of one day in seventy years, upon the return of all the known periodical 
meteoric showers, of April, August, November, and December. In the follow- 
ing lists, the dates of the star-showers of early history have been corrected by 
this amount from the moveable equinoxes of the early dates to the fixed equinox 
for the year 1850. 


lst. The April shower. 
mc. 687. March 16 corresponds to a.p. 1850, April ee. Biot. 


1 99 ” ” ” » 19°6. Biot. 
4.D. 582. » 31 ” ” 9 » 181. Chasles. 
1093. April 9°6 ” ” ” » 20°77. Chasles. 
1094. » 10 ” v9 99 » 20°8. Chasles. 
1095. 99 9°6 ry) oF rT) oF 20°2. Herrick. 
1096. ” 10 ” ” ” ” 21°3. Herrick. 
1)22, ” 10°6 ” ” ” rT) 20°2. Herrick. 
1123, =, «611 ss ” " » 20°4.  Chasles. 
3803. ‘1 19°6 ” ” 9? ry) 19°9, Herrick. 


Mean..,1850, April 20°1 


* Bulletins of the Belgian Academy of Sciences, 2nd Series, vol. xvi. p. 7. 
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2nd. The August shower. 
A.D. 830. July 26 corresponds to a.p. 1850, August 9°2. Biot. 
. Z 4. 


833 o 7 iT) os 99 os 10° Biot. 
835 » 26 " 9 ” » 89 Biot. 
841 » 2 ” » ” ” 8°4 Biot 
924 » 26-28 ,, . ” ” 8°1-10°1. Biot 
925 » 27-28 ,, ” ” » 8°8— 9-8. Biot 
926. » 27 ” ” ” ” 8°6. Biot. 
933. » 2-30 ,, ” " ” 5°8-10°8. Biot. 
1243, August 2 ” ” " » 106. Herrick. 
1451. ” 5 ” ” » » 10°. Biot. 


Mean...1850, August 9-0 


3rd. The November shower. 


A.D. 585. October 25 corresponds to a.p. 1850, November 12°3. Chasles. 
. " 902, ” 29°30, ” ” »  1t-0-12.0. Herrick. 


1582. November 7 ” ” » » 107. Wartmann. 
1698. ” 8°6 » ” ” o» 216. Wartmann. 
1799. ” 11°6 ” ” ” * 12-9, Humboldt. 
1833. ” 12-7 ” ” ” »  13°3. - ‘Olmsted. 


Mean...1850, Noveraber 12-0 
4th. The December periods. 


That of December 6th, 7th is not. marked by any early appearances. The 
following early dates belong to the second shower :— 
A.D. ae November be curresponds to a.p. 1850, December 13°3. Herrick. 


° ” ” ry) ” ” 11°6. Biot. 
1571. December 8 " o ” - 11°5. Wartmann. 


Mean...1850, December 12°1 


From the consistency of these results, Professor Newton draws a powerful 
argument in favour of the cosmical origin of the periodic shooting-stars. The 
following dates are selected from his list as favourable for the appearance of 
meteoric showers, viz., January 15th to 19th, February 19th, Mareh Ist to 
4th, April 28th to 30th, October 16th to 18th, and October 31st to November 
6th. The last period includes the occurrences of several of the most remark- 
able showers on record *, ; 


Y. Mereroric SHower or Avevsar 1863. 


On the 9th and 10th of Angust 1863, observations were made at the 
Greenwich and Cambridge Observatories, at Cranford and Euston Road Ob- 
servatories, and at Hawkhurst, for determining the heights and velocities of 
the annual shooting-stars of this period. The following meteors were simul- 
taneously observed on those evenings at one or more of the observatories, 
and at Hawkhurst. The full particulars of the observations are given in the 
foregoing Catalogue. . 

In Table I., the numbers in the first column refer to the meteors on the 
chart in the order of their appearance, and the stations are represented in the 
same table for shortness by their initial letters, viz.: Ca. Cambridge, Cr. 
Cranford, E. Euston Road, G. Greenwich, H. Hawkhurst. 


* The same mode of correction applied to Mr. Greg’s Catalogue of Fireballs, contained 
in the British Association Report for 1860,shows that the 28th January, 10th February, 
10th April, 18th, 20th, and 29th July, 4th and 12th August, 13th, 18th, and 24th October, 
13th to 15th, and 2Jst November, 11th and 21st December, are dates preferred among 


rs 


the larger kind of meteors. 
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The mean height of first appearance of the meteors derived from Table IT. 
is 81-6; that of disappearance 57-7 miles above the surface of the earth. The 
mean direction of their flight is from azimuth 222° (W. from 8.), altitude 28° ; 
and at the mean hour 10" 16" 37 p.m. of the appearances, this point was 
situated in R. A. 43°1, N. Decl. 50°8, not far from the bright star (y) of the 
constellation Perseus. 

The mean of the velocities in Table III. is thirty-nine miles per second 
for seventeen observations ; but if we exclude the velocities of sixty-one miles 
and seventy miles per second of meteor No, (12), and that of seventy-five miles 
per second of meteor No. (9), as evidently in error, the mean geocentric velocity 
of the fourteen remaining observations is 34'3 miles per second, which agrees 


51° 


50° 


West. 2° 1° * 0° 1° 2° East. 
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closely with values elsewhere obtained, and hitherto accepted*. The remain- 
ing columns of this Table contain the illuminating power of each meteor 
during ‘the period of its visible flight. The quantity is expressed by the 
volume of ordinary coal-gas which would be required to supply an equal 
illumination for an equal space of time, by combustion with ordinary expe- 
dients in atmospheric air. The heat of this combustion, converted into foot 
pounds, furnishes the numbers for the last column in the Table. They repre- 
sent the mass of meteoric matter, moving with a geocentric velocity of thirty 
miles per second, which such an amount of free caloric, if applied directly, 
would be able to arrest. These may be taken to represent roughly the 
weights of the meteoric particles before dissolution by the heat and pressure 
of their contact with the air. The use of the oxyhydrogen lime-fiame, or 
the flame of the electric arc, as the medium of comparison in place of ordinary 
gas-flame, would probably confirm the suspicion that even smaller quantities 
of meteoric matter than these create the generality of falling-stars. 


Tasre I. 


Began. Ended. 


=| 
1863. 8 —— eS 
No. G.M.T. S$ |Azimuth.| Alti- Azimuth.| Alti- |Azimuth.| Alti- 
® |W.fromS.| tude. |W.fromS.| tude. W.fromS.| tude. W.fromS., tude. 

hm 38 ° © ° ° ° ° 

1| 9 |953 O|H.| 2660 | 83-0 2190 | 610 | 2523 | 432 
2} 9 11018 O|H.| 1155 | 71-7 352°8 | 72°0 | 387° | 392 
3/ 10 ,9 21 35,/H.! 79-2 | 49-2 370 | 580 | 347 | 222 
4} 10 | 9 36 30/H.! 600 | 420 41-0 | 410 39°7 | 22°7 
5/ 10 | 9 46 10|/H.| 230°5 | 20-7 265°3 | 28°0 | 281°5 | 115 
6| 10 | 9 53 28/H.| 99°5 | 61:3 21:8 | 47:7 29°5 | 395 
7{ 10 | 9 56 45|H.| 1363 | 31:8 918 | 49°0 | 79-2 | 298 
g| 10 /10 4 20/H.| 172°7 | 168 1766 | 29°] | 1556 | 227 
9| 10 110 6 O|H.| 221°5 | 61°0 2560 | 620 | 213-7 | 5970 
10 10 6 35/H.| 60°0 | 68°8 337°5 | 53°3 10 | 338 
1] 10 9 O|H.| 780 | 73-2 8-0 | 69:3 | 22:7 | 45:2 
12 30] H.| 221°5 | 55°8 249°0 | 57:5 | 3078 | 570 
13 H.| 140°2 | 65-0 2750 | 78°0 14°0 | 55°5 
14 H.| 133-0 | 72°7 3578 | 43°3 3:8 | 335 
15 H.| 2187 | 58-7 316-7 | 47°38 | 333°7 | 400 
16 H.| 938 | 43-2 440 | 390 | 49°0 | 30-0 | 
17 H.| 204°7 | 28-7 233°5 | 39°83 | 233-5 423 | 
H.| 185°5 | 475 $28 | 743 | 442 | 543 | 
H.| 1002 | 31-0 53:2 | 305 | 443 | 157 
H.| 85°5 | 64°7 27:3 | 665 | 384°7 | 333 


* The mean height at first appearance of 178 falling stars observed since the time of 
Brandes and Benzenberg (1798) is 70°05 miles. Tho mean height of disappearance of 
210 shooting-stars is 54°22 miles. The mean length of pen of 66 is 46°18 miles ; and 

y 


the mean velocity of 37 is 84°36 miles per second, relatively to the earth. 
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Taste IT, 
Beginning. - End. 
_ No. ...: | Distance +, | Distance 
Lat. N. | Long. Height in from Lat. N. | Long. Height | from 
Hawkhurst. mes: Hawkhurst. 
os miles, ° , miles. 
oy [st 2 |] Os$R. | 86 s6 «| 5042 | 6188. | 58 66 
{ 2 !'3$1 10 0 2W. 75 79 50 48 0 36 W. 44 67 
3 | 50 53 0 55 W. 72 95 49 54 1 56 W. 53 143 
4 |50 6 2 5W.| 114 173 49 33 2 39 W. 73 188 
5 | 52 14 3 8E. 55 154 51 55 2 51 E. 25 120 
6 | 51 9 0 33 W. 87 99 50 56 1 3W. 84 108 
7 , 52 14 1 20 W. 71 135 51 57 1 57 W. 52 134 
8 | 53 34 0 2W. 55 188 53 32 0 52 W. 42 188 
9 | 51 48 1 30 E. 131 149 51 8 0 35 E. 66 66 
10 | 50 51 0 0 68 50 20 0 27 W. 53 83 
t 11 | 30 56 015 W.; 109 114 50 42 0 41 W. 62 83 
12 | 31 81 1 45 E. 122 146 51 6 0 35 E. 55 53 
13 | 51 26 0 2W. 79 87 50 57 0 37 W. 58 76 
14 | 31:13 0 OE. 64 66 51 3 0 2W. 33 58 
13 | 31 30 1 7E. 72 84 51 16 0 48 E. 60 64 
16 | 51 7 1 35 W. 85 124 50 50 2 24 W. 83 151 
' 17 | 33 4 2 SE. 86 179 52 49 1 33 E. 68 149 
18 | 51 57 0 OW. 76 103 st 41 0 43 W. 71 99 
19 | 51 18 1 52 W. 62 120 50 56 1 55 W. 35 ii 
: 20 | 30 59 O 24 W. 86 95 50 14 1 18 W. 65 122 


The light of full moon has been equated by Sir John Herschel (Cape Ob- 
servations, p. 353 et seq.) to 6852 x Sirius, 64,816 x a Lyre, 78,770 x Altair, 
160,000 x a Persei, and to 318,900 x Cor Caroli. It is further compared in 
this place to a flame consuming 44 cubic feet per hour of ordinary coal-gas 
at a distance of 15 yards, or to a flame consuming 17:2 cubic feet of coal-gas 
per second, at the distance of a mile. 

According to Despretz (quoted by Brande, ‘Manual of Chemistry,’ 1848, 
p. 275), @ single cubic foot of ordinary coal-gas containing 147 grains of pure 
carbon and 63 grains of pure hydrogen, would raise the temperature of 677 lbs. 
of distilled water 1° Fahrenheit by its combustion in atmospheric air. The 
mechanical equivalent of this quantity of heat is nearly 522,000 foot- 
pounds, of which 55,675 represent the dynamical energy of a grain weight 
of matter animated by a velocity of thirty miles per second. A single cubic 
foot of coal-gas would, on this assumption, suffice to arrest the motion of 
9378 grains weight of matter moving with a geocentric velocity of thirty 
miles per second. The weights of the last column are therefore found by 

multiplying the numbers of the preceding column by the constant facto 
9-378 grains. 
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Taste III. 
| . , 

38 = Direction of Light of | Consump-| Weight of 
s&ias Poon A 4 [meteor atition of coal-| meteoric 
rhe 58 rom b ae tne: 1 mile (gasforlumi-| matter 
SEIS S ‘ ee rat, (COMPArEM) nous effect| arrested at 
A=lg S/Azimuth,| alti. | & “ewen to fall jequalto that} 30 miles per 

—|> (|W.fromS.) tude. moon. | of meteor. second. 
sec. ° ° cubic feet. | Ibs. oz. grs. 
10 | 41 218 40 | Altair ......... 0°07 12°6 0 0 109 
14 | 34} 222 | 40 | Altair ......... 0-07 163 | 0 0141 | 
30 | 28 | 213 13 | Jupiter......... 8°27 4261-0 5S 4 162 
17 | 38 | 249 42 | Jupiter ......... 19°02 5560°0 814 0 

coe | woe | 193 40 | Venus .......-./ 13°70 2356-0 2 14 267 
10 | 26 | 234 6 | « Persei ...... 0°07 11°5 0 0 100 
1:0 | 38 | 235 32 ‘a Pernsei ......} 1°13 19-4 0 0 168 
1:3 | 30 | 262 18 | Sirius ......... B16 | 11530 | 1 6 359 
12) 75 | 219 47 | Sirius ......... 1°69 348°1 0 6 389 
. 209 13 | Sirius .........; 0°83 143°0 0 2 363 
16 | 33 | 228 62 | «Lyre ...... 0°18 48°7 0 0 421 
14, 71 | 220 42 | Sirius ......... 1°47 354°7 07 9 
15 | 32) 215 26 | Venus ......... 4°85 1251-0 1 8 328 
05 | 50 | 216 29 | « Persei ...... 0-03 2°9 0 0 2 
eve 238 2 | Cor Caroli 0°06 10°2 0 0 88 
233 33 | > Venus 23°55 4049°0 5 0 48 

232 9 | Altair ......... 0°13 22-3 0 0 193 

186 46 | Sirius ......0 1-95 334°8 0 6 274 

69 | 1°8*| 38 | 241 18 | Sirius ......... 1°72 532°0 0 10 232 


3 1117 |3°0 | 39 | 206 9 | Jupiter ...... 10°09 | 5207-0 


6 7 90 
10 | 42 | .0. | «. | 208 12 | Sirius ......... 0-82 1412 0 2 347 
12 | 86 |1°4 | 61 | 223 40 | Sirius ......... V1] 265°9 0 5 114 
1 7 109 


13 | 48 |15 | 32) 216 18 | Venus ......00. 4°56 1175-0 


For future comparisons of the light of shooting-stars, Dr. Heis communi- 
cates the following light-ratios of Dr. Seidel, of Munich. 


Q Venus. Mean maximum light=38-920 x @ Lyre. 


Y Jupiter. » » = 8:237xa Lyre. 
3 Mars. ” ” = 2:935xa Lyre. 
hh Saturn (without ring). ,, = 0°466x a Lyre. 


The mean light of the moon in any phase is found from Lambert's 
formula, L = — xX mean maximum light (v the angular measure 
of the bright lune, reckoned from the centre of the moon). 

The light of the planets, when not at greatest brilliancy, is also found by 
the formule (full moon ==54,816 x a Lyre),— 


sin vy — v COB v 


Light of Venus ............ TITS X AAI x full moon : 
Light of Jupiter .......... smn v — v C08 v 


=@élxaay* ” 


* N.B. The original record 2°0 (re-estimated vied voce 1:8) was miscorreeted 1-0 (see 
Catalogue). 


Light of Mars 


Light of Saturn (without rin g) 


sin vy — v COs » 


sin vy — uv COs 
= OSS 
T,AR wa a aha X% 


Erratum in AppEnpix (V.) to A Catalogue of Luminous Meteors. 


Association Report for 1863. 


Consumption 
No of coal-gas 
° for laminous 
effect equal to 
that of meteor. 


eight of me- 
teoric matter 
arrested at 30 
miles per sec. 


1 
2 ° 
BS] —— cewenveee ° 
4] ——__ secaveveeece ° 
5 e 
6 e aeece 1°2 
7 en eseeccees 1:9 
8] savececncees 115°3 
9 | = aenseceovece 34°8 
10 weescececene 14°3 
i caetencceees 4°9 
12 Ce ceccecses 35°5 
13 | aaceeeecevee 125°] 
14 | saaeneeeeees 0°4 
15 | kaseeeeesees 0°3 
1G | kena seees ove 1:0 
17 | ke wvensenons 404°9 
1B | cnewvennee : 2°2 
1D | ase evesnees 33°5 
20 | naeswseceees 53:2 


From the additional Observations. 


bevccenecses 520°7 10 131 
ee ecacccnees 14°] 0 230 
seecesccenes 26°6 0 122 


2 142 


——— ee 
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a rn "(304 x AAs * full moon ; 


° 
» 


British 


In Table III. (p. 330) for the numbers of the last two columns read thus. 
Tasze ITI. 
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Ampesats VR YUM sc ee es ss sees — (773 x AAP -. ° 
° : sil vy — v COBY 
Light of Jupiter .......... = (661 x AA) x - : 


* N.B. The original record 2-0 (re-estimated givd voce 1:8) was miscorreeted 1-0 (se¢ 
Catalogue). 
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sin vy — v COB 


Light of Mars ............ "(B04 x aa’) * full moon ; 
Light of Saturn (without ring) = THe a ah * ‘> ch 


where v expresses, as before, the angular measure of the phase, A and A’ the 
distances from the earth and sun found in the columns of the Nautical 
Almanack. 

(2.) At Miinster, Dr. Heis, assisted by his pupils, observed on the evening 
of the 10th August, 1863— 


from 9° p.w. to 10° p.m., 93 meteors. 

99 10 99 99 11 99 143 9? 

93 11 39 99 12 9? 166 99 

dS Sf. oe aan 197 is 

” 1 ne 1} 9 39 ” 
547 of these meteors were drawn upon four lithographed charts of the 
heavens. According to the custom of Dr. Heis, groups of parallel paths were 
represented by single lines, to the number of 68. These average courses 
being transferred to a 30-inch celestial globe and prolonged backwards, in- 
dicated, as in former years, the existence of three radiant points. 


From A. a= 45°, 6=56°, came 250 meteors =46 per cent. 


9 B, a=310°, 6=59°, ” 89 ” =16 ” 

» N,a= 15°, $=86, ,, 87 a =16 ae 

» uncertain Radiants ,, 121 e == 22 be 
547 100 


Trains of these meteors (of great permanency) were observed in a comet 
seeker for nearly three aaa in the following order :— 


h m 
1. August 9. 9 47 40 = = toa Ist mag.*, train ae seconds. 
2 4, 1+«.10. 93118 = 9 5 ‘5 
3. », 10. 9 5035 = ¥ + 4 5 
4. , 10. 10 38 26 = toa lst mag.*, ,, 80 ,, 
5S  , 1011 8 26=y% » 43 4, 
6. - 10. 12 1 53 = toa Ist mag.*, ,, 168 os 
7 «« 10.12 52 20=¥ » 60 ,, 
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E. from Greenwich. 
5° 6° 


§3° 53° 
ST 


52° 52° 


51°. 


50° __——- 50° 


5° 9° ‘10° 


Simultaneous observations were undertaken by M. Heis and his coadljutors 


at Miinster ... (M) N. lat. 51 58 10; E. long. 30 31 
Peckeloh ..(P.) , 52 1° 32 29 


o: 


Dorsten ....(D.) 


» 51 40 
Gaesdonck . .(G.) 


0 
» 01 40 0 
Straelen....(St.)  ,, 51 26 U 
Siegbure .(&) , 5048 0 » 29 
Frank ort- . so” 
on-Maine (F.) hd 50,7 9 
0 


Rheine ....(R:.) ,, 52 16 
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The train of No. 6 was at first straight and narrow, and grew gradually 
wider. It became curved and wound itself into a loop; after separating into 
fragments it dissolved away. 

Similar features to this were observed at Euston Road Observatory, London, 
by Mr. T. Crumplen. The tail of a meteor at 10* 46" p.xu., on the 10th of 
August, at first was spindle-shaped and 4° or 5° in length. In 44 minutes 
it faded gradually away, curving itself until the ends were nearly buckled 
into a circular form. 


The following comparative obeervations were then collected :— 


Taste LV. 
lef First Height, in 
Hour. & i$ 3 End. i 
no.| Date. Minster 3 2 * | Train. appearance. English miles. 
mean time. F bo & Appear- 
53 o=z ou a= | om ance: jEnd. 
1863.; hm 8 ° 
1 lAug. 8} 93838 |M.|1 | With | 268 | +20 | 264 | + 4 
G. | 1 | With | 348 574] 299 10 124 
8 9 42 34 |M./|1 | With | 195 57 | 205 44 
G. | 1 15 803] 269 504; 64 
gs} 943 23 |M.j1 | With | 160 65 | 190 43 
G. |... 58 69 22 82 39 
8 95032 |D./|2 | With | 170 76 | 200 4 
G. | 2 0 85 | 2483 763 
Ss. | 2 138 65 | 155 5 84 
gs} 95419 |D. | 2 | With | 330 88 | 240 74 
G. | 4 . 343 704) 3.9 724 89 
8 95319 |M./ 3 216 27 | 213 
G. |... 277 643| 261 $7 77 
8 101617 |M.| 2 | With | 296 12 | 292 3 
PF. | 2 eee =| 127 66 | 137 56 65 
8| 1023 55 | F. | 2 51 64 59 66 
G. | 2 64 | +203) 14] + 9 72 
lo) } 914 9 |M. | & | With | 234 | +21 | 235 | —12 
Ss. ]1 200 60 | 208 | +31] 106 
10} 92151 |M.| 3 324 40 | 336 23 
St. | 4 2 35 | 338 +-28 58 
10) 9 2443 |G. j 1 315 29 | 291 | —14 
P, | 1 . 267 25 | 255 | —17 101 


334 REPORT—1863. 
Taste IV. (continued.) 


© 
Hoar. 5 $5 
No.| Date. | _Miinster az 5 Train 
mean time. | 3 & 
as 
1863.; h m 8 
12 |Aug.10) 9 25 22 i'M. | 2 
G. | 1 
13 10) 9 3114 | M.| Q 
G. | 1 
R. | 1 
14 10) 9 4247 |M./ 1 
Ss. | 1 
18 10} 95035 | M.| 1 
P. | I 
16 10, 957 3 |M.| 2 
P. | 2 
17 10, 10 710 |M.} 1 
G. | ... 
Ss. 
18 10} 10 910 |M.| 1 | With | 263 5 | 250 | — 8 
S. | . 232 32 | 235 | 413 ? 53 
19 10} 1012 29 | M. {1° | With | 183 61 | 194 45 
Ss. | 1 : 146 65 | 147 56 101 | 58 
20 10} 10 12 52 | M. | 2 275 37 | 261 26 | 
G. | 3 329 37 | 315 30 75 | 98 
21 10; 10 16 5% | P. | ¥ | With | 194 56 | 190 33 
G. | 1 170 75 | 171) | +53 184 | 65 
22; =%10| 1019 24 | M.| 2 304 1 | 296 | — 7 
G. | 2 329 | + 5 | 320 li 97 | 79 
23 10) 10 32 34 | M. | 2 278 | —10 | 274 19 
D. | 2 292 2 | 286 13 46 | 23 
24 10} 1033 9 |M.| 1 | With | 268 10 | 260 16 
G. | 1 . 308 | — 5 | 297 134 48 | 37 
25 11} 1050 6 |M.{ 1 | With | 315 | + 1) 312 | —10 
F. 270 83 | 238 | +65 
P. 307 7 | 304 | —15 82 | 46 
26 J1) 1052 12 | M.} 1 | With | 301 29 | 286 | +18 
F. oes ees 113 46 ; 
27 11) 1053 29 | M.| 2 | With 3 10 8 14 
F. 51 | +56} 63 | +55 ? 39 
28 1) Ql 127 | M. | 1 | With | 290 | —23 | 280 | —23 
F. | 244 | +14 | 277 | 414 48 | 42 


Average of 28 meteors, August 8th to 10th, beginning 77-9, end 48-3 miles 


The comparative observations of meteors by telegraph, undertaken between 
Rome and Civita Vecchia in August 1861, are printed at length in the 
, Bullctino Meteorologico’ of the Observatory of the University of Rome, vol. 1. 
or 1862 

The following mean heights are obtained by calculation:— _ 

Average of 19 meteors, August 4th to 8th; beginning 57:1, end 46°5 miles high. 
” 23 meteors, August 10th to llth; »” 69:4, » 366 * 
Total of 42 meteors, August 4thtollth; ,, 639, , 521 ,, 

Comparative observations executed in England at the same time afforded 

the following results :— 


Average of 6 meteors, August 6th to lth; beginning 70°3, end 44°6 miles high. 
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Hence it appears that the height of shooting-stars in August 1863 was 
little different from their height in 1861. 

(3.) Professor J. Jos. Bianconi of Bologna has addressed the following con- 
siderations to. the British Meteorological Society, respecting a mechanical 
theory of the light and heat of luminous meteors advanced formerly by him- 
self in 1839, and recently communicated to the British Meteorological 
Society. The observations of the luminous trains of meteors conducted by 
Professor Respighi, Dr. Casoni and himself, in August 1863, have tended to 
confirm Professor Bianconi in the opinion that heat, partly that of friction, 
and partly that of compression, is sufficient to volatilize superficial portions 
of meteorites, so as to produce the rounded edges and erosions of their sur- 
faces, as well as the atmosphere, or halo of light, about the meteors, which 
remain in a luminous streak upon their track. ‘Admitting that the heat of 
friction is sufficiently powerful to maintain the fusion of the surface, the incan- 
descence of the planetoid, and besides this the sublimation of the melted matter 
which goes to form the tail, we see that this feature can only be developed 
where the heating conditions have the greatest power—namely, near the 
middle of the flight. It will begin gradually, at first not so ample, becoming 
very abundant at the middle of the flight, then diminishing again, and just 
ceasing when the course of the meteor is so slackened as to be incapable of 
producing the necessary heat....... We find also in the undulated form of 
the luminous tail of the bolide, the movements peculiar to heated vapours left 
in the middle of the atmosphere. In short, these few observations lead us to 
conclude, first, that heat produced, as we are authorized to believe, by friction 
is not only calculated to produce incandescence and fusion, but that it attains 
toa higher degree—that of causing a sublimation of the surface-matter of 
the asteroids, which sublimation or volatilization forms a luminous atmosphere 
around the falling body, varying in volume according to the intensity of the 
source of heat; secondly, that this luminous atmosphere left to itself, the tail, 
disappears partially and by degrees, principally on account of its dimensions, 
temperature, and density; and that, whilst its particles accumulate con- 
eentrically, it contracts and changes its form with the variations peculiar to 
vapours.” 

The observation of a large bolide with an enduring streak, on the evening 
of the 10th of August, 1863, by Professor Bianconi, and Dr. Casoni at 
Bologna, is noticed in the Catalogue of this Report. 


VI. Traweacrions or tHe Lurrnrat AcapEmy or VIENNA, Vol. xliv. 


Dr. Julius Schmidt has represented varying phases of the luminous streaks 
of meteors near the radiant point, on the 10th of August 1860 and 1861. 
Trains of shooting-stars (visible to the naked eye for two or three seconds) 
were traced in the field of a telescope for one, two, or even three minutes 
before they finally disappeared. Points of explosion of the meteors produced 
stationary clouds of light; but intermediate lines of the train moved in various 
figures with looped curves to a distance from the stationary points. Train- 
fragments were observed to separate from one another three degrees in three 
minutes of time. 


VII. American JournnaL or Science anv Ant, vol. xxxvi. July 1863. 


“Remarks on the luminosity of meteors as affected by latent heat,” by 
Benjamin V. Marsh, Philadelphia. 
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Mr. Marsh presents in a tabular view the heating power of a constant 
volume of air drawn from different heights in the atmosphere, upon an equal 
volume of air at standard pressure, when the latent heat is rendered sensible 
by condensation of the air to standard pressure. The results of Mr. Marsh 
are here reproduced. 


fl voluee (apo 
oaee. of 1 volume (upon 
(n) nin oaual Dilatation. Number of l vole of 

to the No. of the volumes corresponding to one | standard 

terms of this volume at the surface of sure), when | 

series. the earth. condensed to 

standard pres. | 

eure. 

” 
na. 2" 2 a x 143° 
2 

3-43 2 72 «| 

6-86 4 107. 
10°29 8 126 
13°72 16 135 
17°15 32 139 
20°58 64 142 
24°01 128 143 
27°44 256 143 
30°87 512 143 
34°30 1024 143 
37°73 2048 143 
41°16 4096 143 
44°59 8192 143 
48-02 16384 143 
61°45 32768 143 
54°88 65536 143 
§8°31 131072 143 
61°74 262144 143 
65°17 524288 143 
68-60 1048576 143 
102-90 1073741824 143 
137°20 1099511627776 143 
171°50 1125899906842624 143 
205:80 1152921504606846976 143 


The buk of air compressed before a meteorite, determines the absolute 
quantity of heat made sensible, independently of the height of the trajectory 
above the surface of the earth, until the height of twenty-four miles is 
reached in the descent. From this point the quantity of heat made sensible 
gradually diminishes, and falls rapidly to half the quantity of the supreme 
heights, between ten miles and three miles above the earth’s surface. 

Mr. Marsh points out the intense illumination which a uniform develop- 
ment of free heat must produce in the highest strata of the atmosphere. At 
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a lower elevation the meteor, in the words of M. Quetelet, “ will have entered 
3 medium which has not the elements necessary to its continued brilliancy ;” 
for here the potential heat extracted in a given tract of the meteor’s flight 
sufiers a rapid decrease, and the density of the air to be ignited, a sudden 
increase upon the values of these quantities in the higher regions of the 
atmosphere. Mr. Marsh produces no evidence that the pressure encountered 
by a meteorite in ite flight through the air is in reality constant, in the 
manner supposed in this explanation. 


VIII. 


An exceedingly brilliant meteor appeared over the United States of America 
on the 6th of August 1860, at 7° 38™ p.u., New York mean time, about five 
minutes after sunset. Professor Newton has estimated the path of this 
meteor at 225 or 250 miles in length, accomplished with a geocentric velocity 
of eighteen miles per second, from thirty-nine miles over the southern line 
of Pennsylvania to thirty-six miles high, W. or N.W. of Buffalo. Corrected 
for terrestrial attraction, the geocentric velocity is 16-6 miles per second, and 
the heliocentric velocity 30-4 miles per second towards R. A. 67° 45', N. 
Decl. 33° 25). 

The hyperbolic elements of this meteor cannot be reduced to elliptic 
elements of its orbit by any but the largest corrections applied to the indi- 
vidual observations. 


TX. ‘ Prysiqve pu Grose,’ by M. Ad. Quetelet (Brussels, 1861). 


In a chapter devoted to shooting-stars, M. Quetelet describes the combined 
observations organized by himself in 1824 at Brussels, to determine the velo- 
cities of shooting-stars. Up to that time, only five instances existed where 
the velocities of shooting-stars had been determined, and M. Quetelet added 
six cases to the number. Their average velocity was seventeen miles per 
second. This velocity is planetary, but Benzenberg continued to maintain 
‘that shooting-stars migrated from the moon. . 

M. Quetelat first drew attention to the prevalence of shooting-stars upon 
the 10th of: August, on the occasion of an observation reported by M. Sauveur, 
at the Session of the Roy. Acad. of Brussels, 1836, Dec. 3rd*. 

The late E. C. Herrick, at Newhaven, U.S., made an independent announce- 
ment of the same date in the American Journal of Science (vol. xxxiii. 
p. 176), on the occasion of an accidental view of the phenomenon in 1837. 

The 2nd January, 15th October, and 7th December are characterized by 
M. Quetelet as favourable for the return of star-showers, and his Catalogue of 
similar phenomena has been made the subject of important conclusions by 
Professor Newton (Appendix No. IV.). 


X. A New Barris Mergoric Inon (Edinburgh New Philosophical Journal, 
New Series, for July 1862). 


A new British meteoric iron, the second hitherto discovered, has been 
analyzed by Dr. Murray Thomson, and described by Dr. J. A. Smith, of the 
Royal Physical Society of Edinburgh. The meteorite was excavated, in 1827, 
from a bed of firm clay 4 feet below the surface, in the village of Newstead, 


*Ink d this date was noticed in the Philosophical Magazine for 1821 (p. 7), by 
Mr. John » in a remarkable series of questions concerning shooting-stars. Mr. T. 
Forster dev the date to a short discussion on shooting-stars in his volume of the 
‘ ca Calendar.’ published in England in 1824. 

. Z 
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near Melrose, Roxburghshire. The mass, 323 lbs. in weight, was preserved 
upon the spot until 1861, when it was subjected to examination by Dr. 
Alexander Smith in Edinburgh, with results which prove the meteoric nature 
of the mass. In size and figure the meteorite is 10? inches in length, con- 
sisting of a warty mass 1} foot in girth, joined to an acuminated extremity, 
unlike any manufactured metal, but suggesting the idea that the extremity 
which is now the smaller and more pointed first reached the earth in its 
descent, while the larger extremity shows the part least affected by the 
shock. Casts and photographs having been taken, the meteorite was divided 
longitudinally into two portions by the saw. The surfaces were filed and 
polished, and the figures of Widmanstitten were developed by the action of 
nitric acid. 


.4- es 


These are more minute than in the generality of aérosiderites, but attest 
the meteoric character of the mass. Under the pressure necessary for taking 
a wax impression (whereof figure 1 is an electrotype copy), the smaller half 
of the mass separated into two portions. Such veins of separation are not 
uncommon among meteoric irons. The specific gravity of the lobed frag- 
ment was found to be 6°1919, that of the pointed fragment 6°7400. The 
difference in hardness between the centre and outer layers of the metal was 
easily perceived by the use of the graving tool, and may be explained by the 
effects of sudden cooling, especially at the point, from contact with the surface 
of the earth. 

The specific gravity of the whole mass was 6:517, that of the unbroken 
half being 6-499. Transverse slices of the lobed portion and of the pyra- 


Fig. 2. Fig. 3. 


midal portion yielded respectively the specific gravities 6°350 and 6-750. 
The etching. fig. 3, demonstrates the closer grain of the iron near the pointed 
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extremity, and fig. 2 the crystallization near the middle of the rounded por- 
tion of the mass. The iron, especially at the pyramidal part, is very brittle: 
so mach so, that no difficulty is experienced in reducing a fragment from this 
part of the meteorite to powder in an iron mortar. 

From an analysis of from 60 to 70 grains of filings of the iron obtained iu 
the first process of dissection, Dr. Murray Thomson obtained the following 
proportions :— 


Iron.......... 93°51 per cent. 
Nickel ........ 486, 
Silica ........ O-9L =, 
Carbon........ 0-59 _—sCs,, 
99°37 si, 


Fragments were also examined separately, for carbon and for silica, with 
the following results :— 
Carbon........ 0-56 per cent. 
Silica ........ 09C i, 


agreeing closely with the preceding analysis. 

Portions of this meteoric iron, with a plaster cast of the entire mass, are 
preserved in the Natural History Museum of Edinburgh. The principal part 
is deposited in the Collection of the British Museum. 


Fourth Report of the Committee on Steamship Performance. 


ConTEnts. 


rt. 
apo sheets of Indicator-diagrams of H.M.8. ‘ Victor Emmanuel.’ 

Appendix.—City of Dublin and Holyhead Company's Returns :—Abstract of Paper by 
Mr. W. Wateon, Managing Director of the Gi of Dublin Steam Packet Company, 
on London and Dublin Communication (with A). ; 

Table 1.—Engineer’s of City of Dublin Steam Packet Company’s Steamship 
‘ Munster,’ June and July 1861. ; 

Table 2.— Abstract of Log of Pacific Royal Mail Company’s Steamship ‘ Quito,’ January 
27th, 1864, to February 5th, 1864. 

Table 3.—Table showing performances of the Royal West India Mail Company’s 
Steamers, from Southampton to St. Thomas, from June 2nd, 1862, to June 2nd, 1863. 

Table #.—Ditto, from St. Thomas to Southampton, from July 30th, 1862, to July 30th, 


Table 5.—Summations of the Indicator-diagrams taken on the voyages included in 
Table 3, Southampton to St. Thomas. 

Tables 6, 7, 8, and 9.—Four Logs of voyages of the ‘Great Eastern,’ for 1863. 

Table 10.— Abstract of Engineer's Log of the Steamship ‘Great Eastern,’ 18 voyages, 

to . 
Table 11.—Returns of H.M.S. ‘ Victor Emmanuel.’ 
Table 12.— Return of the results of performance of 45 vessels in the service of the 
ries Impériales, for the year 1861. ; 

Table 13.—Return of the results of performances of 49 vessels in the service of the 
Messageries Impériales, for the year 1862. 

Table 14.—Particulars of 12 Steamships indicated by letters of reference. 


“The object of the Committee is to make public such recorded facts through the medium 

of the Association, and being accessible to the public in that manner, to bring the greatest 

amount of science to the solution of the difficulties now existing, to the scientific improve- 

ment of the forms of vessels and the qualities of marine engines. They will especially 

endeavour to guard against information so furnished to them being used in any other way, 

and they trust they may look for the cooperation of Members of Yacht Clubs having steam 
Zz 
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yachta, of shipowners, as well as of steamship builders and engineers.”—- Third Report, 
» p. 16. 

At the meeting of the British Association held at Cambridge in 1862 the 


Committee were reappointed, and the following noblemen and gentlemen 
were nominated to serve on the Committee :— 


The Duke of Sutherland. Hon. Captain Egerton, R.N. 
The Earl of Gifford, M.P.* Hon. Leopold Agar Ellis, M.P. 
The Earl of Caithness. J. E. McConnell, Esq., C.E. 
The Lord Dufferin. Wm. Smith, Esq., C.E. 
Wm. Fairbairn, Esq., LL.D., F.R.S. Professor J. M. Rankine, LL.D. 
J. Scott Russell, Esq., F.R.S. J. R. Napier, Esq. 
Admiral E. Paris, C.B. (Imperial R. Roberts, Esq., C.E. 

French Navy). Henry Wright, Esq., Secretary. 


With power to add to their number. 


The following noblemen and gentlemen, having consented to assist your 
Committee, were, during the present year, elected as corresponding mem- 
bers :— 


Lord C. Paget, M.P., C.B. | Captain Robertson, R.N. 
The Earl of Durham. Captain Sulivan, R.N., C.B. 
The Marquis of Hartington, M.P. Captain Mangles. 

Viscount Hill. | TT. R. Tufnell, Esq. 

Lord John Hay. | Wm. Froude, Esq. 
Admiral Elliott. W. Just, Esq. 

Captain Hope, R.N. John Elder, Esq. 

Captain Ryder, R.N. David Rowan, Esq. 

Robert Dalglish, Esq., M.P. J. McF. Gray, Esq. 


Your Committee have the pleasure of stating that, at the unanimous 
request of the members of the Committee, his Grace the Duke of Sutherland 
undertook the office of Chairman. 

Your Committee have pleasure in reporting satisfactory progress, and that 
they have had an increasing amount of useful information placed at their 
disposal. Much greater interest is now taken im the objects of the inquiry, 
and a still increasing number of observers have adopted the forms of the 
Committee, for recording the performances of vessels. 

The importance of the information collected by your Committee is attract- 
ing the attention of steamship owners, as well as scientific investigators ; 
and it is hoped the result of greater efficiency and economy in the application 
of steam, as well as improvements in the construction of steam-vessels, will 
be the result of these Reports; and your Committee have reason to believe 
that considerable advantages have already been derived from their labours by 
steamship owners. 

The future Publication of the Returns of Steamship Performance.—This sub- 
ject has seriously engaged the attention of the Committee. The question has 
been raised, whether the continuance of the Publication ought to take place 
in the Transactions of the British Association, or whether it should be made 
through the medium of some publication of a more strictly mechanical nature, 
and more widely circulated among professional engineers and shipbuilders. 
‘The Committee are unanimously of opinion that these Returns should be con- 
tinued and extended, and that they should both be preserved and published. 

The collection of these Returns is a matter now so completely organized 

* Sinoe deceased. 
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that it has ceased to cause either labour or occupation to the Committee. A 
single officer can readily perform the work of collection, and it seems that 
nothing further is required from the British Association for the future than 
such an annual grant as would serve to compensate the collecting officer and 
ensure the publication of the information obtained. 

Exact Records of Qualities and Performance of War Steamers.—lIt is well 
known to members of the British Association, that one of the chief objects in 
the original appointment of this Committee was to induce the Lords of the 
Admiralty to take the steps necessary to obtain such exact scientific data as 
should serve for the determination of true principles to be used in the design 
and construction of steam fleets. For this purpose exact observations are 
necessary to be made with fitting instruments, specially constructed, upon 
steamships of large size, in smooth water and rough, laden and light, towing 
and being towed, going slow and going quick, with clean bottoms and with 
foul, under predetermined varieties of condition. Such exact experiments 
are essential to the promotion of the science of naval construction, and can 
only be made by the naval service of the country, for whose special benefit 
they are designed. The British Association has freely, for many years, ex- 
pended its own funds for this great national purpose, and it only applied to 
the Admiralty when their own exertions could not accomplish anything fur- 
ther without aid. | 

The Committee report, with deep regret, that all their exertions, repeated 
year by year, have failed to move their lordships to collect a systematic series 
of scientific data of this sort, either for the use of their own officers, who 
ardently desire such professional information, or for the use of science at 
large ; the only objection they state being that such knowledge would cost 
money, and that they do not think fit to authorize the necessary expenditure. 

The Committee have, therefore, to report that this portion of their mission 
has entirely failed, and they think they could render no service to science by 
any further communication with the Admiralty on a matter which seems 
hopeless. 

The annexed correspondence will show how they have done their duty, 
and how the Admiralty have met them :— 


‘‘ BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE. COMMITTEE ON 
STEAMSHIP PERFORMANCE. 


“ Memorandum with reference to the third Resolution of the British Asso- 
ciation Committee on Steamship Performance, at a Meeting held at 
Stafford House, on the 5th June, 1863, his Grace the Duke of Sutherland 
in the Chair; namely, 


“That the Chairman be requested to communicate to the First Lord of the 
Admiralty the strong desire which is felt by the members of the British 
Asscciation for the Advancement of Science to obtain certain scientific data 
by exact experiments upon powerful and large steamships, and which it is 
impossible to obtain by other means than those at the command of the 
Admiralty.” 

The Committee, having now carried on their labours systematically during 
several years, have collected a large number of records of the practical per- 
formances of steamships at sea, which the British Association have pub- 
lished annually in their Transactions, and which have been acknowledged by 
many of the large steamship companies to be of material use to them in 
improving the service and economy of their ships. 
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But there remain very important facts to be determined, which can be ob- 
tained by direct experiment only, and which only the Admiralty can pro- 
cure. These facts are wanted as data for the scientific construction of future 
ships. At present each shipbuilder, or designer of ships, is obliged to con- 
struct them from the limited number of elements he may have been able to 
obtain from his personal experience. What is wanted is that these data 
should be obtained from experiments made publicly and on a national scale, 

so as to give general and entire confidence in the results, and so that they 
" might be accepted as data for naval construction in all time to come. 

The experiments required for this purpose are of the following nature :— 

I.—Experiments on actual stability in still water; or exact measures of 
angles of keel at various degrees of immersion. It would be well that these 
should be made under the following four conditions :— 

1. When the ship is launched. 

2. When she is completed with her machinery, but empty. 
3. When she is armed and equipped. 

4. With her seagoing complement of stores. 

II.—Experiments on the time and angles of oscillation of a ship in still 
water, under the same four conditions. 

III.—Experiments on the measure of resistance of one ship towed by 
another, under the same four conditions. 

IV.—Experiments on the same ship when propelled under the last three 
of the four conditions, by her own machinery, at the same speed as when 
towed. 

V.—Experiments relating chiefly to the machinery and the propeller. 

1. The exact measures of steam power developed in the engine. 
2. Exact measures of the power expended by the engines. 

3. Exact measures of the direct propelling force of the screw. 
4, Exact measures of the power applied to turning the screw. 

VI.—Experiments 

1. On a vessel with her bottom foul from her voyage. 
2. The same vessel with that foulness removed. 
3. The same vessel polished as finely as possible. 

VII.—A careful series of records of the same vessel at sea, her inclination 
under sail, her times of oscillation on the waves, the speed and nature of the 
waves, the force of the wind, and the performance of the engines and boilers. 


If all this could be done on one of the largest ships of the newest class, 
more valuable information could be obtained than has ever yet been ascer- 
tained in the history of the world. 

His Grace the Duke of Sutherland, the Chairman, having submitted the 
preceding suggestions to His Grace the Duke of Somerset, First Lord of the 
Admiralty, the following reply was received :— 


“ Admiralty, 7th July, 1863. 

‘¢ GenTLEMEN,—My Lords Commissioners of the Admiralty having had 
under their consideration the memorandum of the Committee on Steamship Per- 
formance, drawn up at the meeting held at Stafford House on the 5th of last 
month, I am commanded to acquaint you that their lordships are of opmion 
that experiments could only be satisfactorily made to ascertain the stability, 
oscillations, and resistance of large ships under the various conditions specified 
under clauses 1, 2, 3, and 4, by appropriating a ship expressly for the pur- 
pose; and their lordships regret to say that they could not undertake the 
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carrying out of such experiments, which must necessarily occupy much time 
and entail considerable expense. _ 

“T am at the same time to observe that some of the experiments proposed 
as to the stability of ships, and as to the time of their periodic rolling in 
still water, are now in progress, and will be communicated to the Committee. 
Others again are published from time to time in the tables of results of trials 
of ships, from which nearly all the practical information sought may readily 
be deduced. 

‘“‘T am, Gentlemen, 
‘¢ Your very humble Servant, 
“C, Pacer.” 
“To the Members of the Committee of the 
British Association on Steamship Performance.” 


The Royal Navy.—Although the Admiralty declined to accede to the re- 
quest of the Committee to obtain the valuable experimental information 
requested for the advancement of the science of naval architecture, they have 
continued to allow their officers to furnish the usual returns of performance 
of Her Majesty’s ships. Numerous scientific officers connected with H.M.’s 
steam department continue to furnish valuable returns, and the chief engineers 
of severa] of Her Majesty’s steamships have continued their interesting 
records ; a selection therefrom is appended to this Report, together with two 
sheets of Indicator Diagrams of Her Majesty’s steamship ‘Victor Emmanuel.’ 

The Royal Mail Companies.—The West India Mail Company, the Penin- 
sular and Oriental Company, the Pacific Royal Mail Company, the Dublin and 
Holyhead Company, all continue the system of recording their performanees 
in the way recommended by the Committee; a selection from some of these 
records has been made by this Committee, and will be found in the Appendix. 

Foreign Mail Companies.—The large fleet of the Messageries Impériales 
continue to forward the record of their performances in the manner originally 
commenced by M. Behic, as managing director of this important Company, 
and now Minister of Public Works in France. The returns of this Company 
(in continuation of those given in the third Report) for the years 1861 and 
1862 are appended. The Austrian Lloyd’s Company also continue to forward 
the record of the performances of the vessels composing their fleet, through 
the kind offices of Col. Paradis and M. Otto Dingler. 

The Mercantile Marine Service—The Committee, to meet the wishes of 
certain steamship owners, issued a new form of steam log, to be kept by 
marine engineers (the name of each vessel being indicated by a letter of refer- 
ence, a corresponding list being kept by the owners, and the name of any 
vessel only to be given up by their consent). The Committee are happy to say 
that that issue has produced valuable records of eleven steamships, of which 
they now publish a systematic abstract. 

A continuation of the engineer’s logs of the ‘Great Eastern,’ as also a 
general summary thereof, will be found in the Appendix. 

Your Committee recommend that the thanks of the British Association be 
given to the various gentlemen who have contributed returns during the pre- 
sent year, for their services to science and their assistance to this Committee 
in organizing observations, and express a hope that some method may be 

ised of continuing the publication of the system of records now so well 
organized by this Committee; and that some other body than our Admiralty 
may be found willing to afford those means of advancing the science of naval 

architecture, which they refuse. 
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The sum voted to this Committee by the Association (£100) has been ex- 
pended, and it is anticipated the expenses will be slightly in excess of the 
sum granted ; but as all the accounts had not been received, the exact state- 
ment could not be prepared in time for the Meeting. 


) 
q 


Your Committee, in conclusion, have the painful duty of recording the . 
death of the Earl of Gifford, who was an active and estimable member of the . 


Committee. (Signed) SurHERLanp, 


Offices of the Committee, 
19 Salisbury Street, Strand, London, W.C. 


APPENDIX. 
Oity of Dublin and Holyhead Company’s Returns. 


The following particulars relative to the four vessels employed on the mail 
service between Dublin and Holyhead were embodied in a paper read before © 
the Institution of Civil Engineers, last year, by Mr. W. Watson, Managing ~ 
Director of the City of Dublin Steam Packet Company ; and will be read with - 


interest. in connexion with the Tables of the performances of the ‘ Ulster’ and 
‘Munster,’ which are appended, and also with reference to the Tables which 
have been given in preceding Reports. 


London and Dubhin Communication.—The London and North-Western . 


Railway Company and the City of Dublin Steam Packet Company having 
to united action, passed a Bill through Parliament, in 1855, to sanction 
and facilitate their arrangements. 


The Government then made a communication to the Companies, as to the’ 
requirements of the Post Office for two services, one by day and the other by 
night, to be completed in half an hour less time than that which hed been - 
already proposed, and this to be guaranteed under heavy pecuniary penalties. 
for every minute of excess, arising from causes even beyond control. The. 
Companies agreed to undertake this service, but altogether declined to submit:: 


to penalties for loss of time arising from fogs or other causes wholly beyond 
their control. The subject having been allowed to lie dormant for another 
year, the Members of Parliament for Ireland collectively urged on the Prime 
Minister so forcibly the expediency and necessity for providing for the 
improved means of communication at the public expense, as had been 
formerly done when the new Holyhead Road and Telford Bridges were 
constructed, that the matter was at last taken up seriously, and the Govern- 
ment agreed to carry into effect the plan recommended in 1853, and which 
eventually received the cordial approval of the Lords of the Treasury. 

The main provisions of the new postal contract were, first, that the entire 
distance between London and Kingstown was to be performed i in eleven hours 
(eleven hours and a half being allowed to Dublin), assigning four hours for 
the sea passage, subject to fines for loss of time, unless arising from weather 
or other causes beyond control; secondly, that four steam packets should be 


provided, each 300 feet in length and 1700 tons burthen builder’s messure- . 


ment, with engines of 600 nominal horse-power ; thirdly, that express trains . 
should be appropriated exclusively to the Irish traffic; and fourthly, a morning ' 
and evening departure from each capital. The Improved Service was 

to be commenced in January 1861, two years being allowed by the contract 
for building the vessels. 
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is | sase | 621 19°25 f Wind on beam, and strong breeze on quarter; heavy 
t } 2012 5°7 20°25 | Fine weather; plain sails set. 

> | 366 6°05 11°85 | Wind on beam; light airs and fine. 

36 | 4468 5°88 20°3 | Head and bow winds, and sea. 

16 | 3°026 60 17°1 | Starboard and quarterly winds; sails set. 

, | 206 | 606 141 | No wind; fine weather. . 
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Corfu to Malta. 
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Ship pitching heavily, coals very bad. 
Ship pitching heavily, coals very bad, 
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ON STEAMSHIP PERFORMANCE. $45 


To accomplish what had been proposed, and fully to realize the expectations 
of the public, was naturally a subject of no small anxiety to those on whom 
the responsibility devolved of providing vessels so much in advance of any 
which had yet been built. It was not a mere question of speed at.the 
measured mile in Long Reach or in Stokes Bay; that had been shown to be 
practicable by the great success of the Royal Yacht, which attained the 
unprecedented rate of speed, at the trial trip, of 194 statute miles per hour 
(vide Table); the difficulty was to maintain such a rate of speed in severe 
weather, and under the disadvantageous circumstances which must so often 
occur in the passage of the Channel four times every day in the year, as to 
insure comparative regularity in the due performance of a mail service, with 
but very small margin for contingencies at sea. With the object therefore of 
insuring this result, it was ultimately decided to increase the size of the 
vessels to 2000 tons, and that of the engines in like proportion. Designs 
_ were received from the most eminent builders in England. Those submitted 
by Mesars. Laird, of Birkenhead, and Mr. Samuda, of London, were adopted. 
Messrs. Ravenhill, Salkeld, and Co. supplied two pairs of engines, and 
Messrs. James Watt and Co. the other two pairs. The dimensions and general 
arrangements of the four vessels are so nearly alike, that the following 
description of one, the ‘ Connaught,’ will be sufficient for all. This was built 
by Messrs. Laird, as well as the ‘Ulster’ and the ‘ Munster ;’ the fourth, the 
‘ Leinster,’ was built by Mr. Samuda. 

The ships are built of iron. The length between the perpendiculars is 
33-4 ft.; the beam is 35 ft., and depth 21 ft. The keel is formed of a centre 
keel plate, 3 ft. deep and § in. thick, with two bars 9 in. deep by § in. thick, 
on each side at the bottom ; these five plates, with the two garboard strakes, 

in. thick each, are secured together with iron bolts riveted and countersunk. 

the top of the centre keel plate two angle-iron bars are riveted, 5 in. by 
4 in. by 4 in., and to these angle irons, and to the angle irons on the top of 
the floorings throughout the entire length of the vessel, as far as the fine ends 
will allow, is riveted a strong plate, 4 ft. wide amidships, and 2 ft. 6 in. wide 
at the ends. There are also two very strong box keelsons, secured on the 
floorings at each side of the keel, and another in each bilge. The general 
framing of the ship and the outside plating are done in the usual way, care 
being taken to have everything well put together. The engine beams, paddle 
and spring beams, and all other beams for the main and lower decks are of 
iron. Timber has been used only for the decks and cabin fittings. There are 
nine principal iron water-tight bulkheads, which not only provide for the 
safety of the ship in case of accident, but add greatly to her strength in a 
seaway. The bulwarks are of iron plates, in continuation of the sides of the 
vessel to the rail, and without any break for gangways, such not being 
required for landing, either at Holyhead or at Kingstown. To give additional 
strength in the centre, where the weight of the engines, wheels, and boilers 
has to be carried, the insides of the paddle-boxes are also formed of iron 
plates, continued from the sides and bulwarks of the vessel, with a strong 
bow girder, formed of an iron plate 15 in. broad and 3? in. thick, 80 as to 
provide ample means of resistance to the severe shocks which these long 
vessels must encounter in rough seas, when driven at such a high rate of 
speed. The gunwale is formed of angle-iron bars, 4 in. by 4 in., riveted to 
the sheer strake and to a plate which is riveted on the top of the beams. At 
a distance of about 165in. from this, an inner angle bar is riveted, against 
which the wooden waterway is fitted, so as to leave the outer part, between 
this and the gunwale, to form a drain to take the water off the deck, and to 
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discharge it through the scuppers. This arrangement, which was introduced 
by Mr. Laird, has been found very convenient, in freeing the decks quickly 
from water. These iron gunwale plates are 5 ft. wide by 2 in. thick amidships, 
tapering gradually to about 2 ft. Gin. by }1n. at the ends, with a system of 
diagonal tie plating from side to side, securely bolted or riveted to the deck 
beams. Between the paddle-boxes, an upper deck, about 50 ft. in length, 
has been placed. It is laid on iron beams well secured, and being provided 
also with diagonal tie plates, it further adds to the strength amidships; 
though the primary object was for the more rapid embarkation and landing 
of passengers and luggage at times of low water, both at Holyhead and at 
Kingstown. It also forms an agreeable promenade for the passengers in 
moderate weather. The wheel and the binnacle are placed on this upper deck, 
so as to allow of the commander and the officers being near to the men engaged 
in steering. All difficulty is thus avoided in passing the word, a distance of 
nearly 200 ft., as would have been necessary, in the ordinary way. The 
entire of the main deck, from the foremost funnel to the bows, is covered over 
by a hurricane deck formed with angle-iron beams, 5 in. by 24 in., extending 
from the rail at each side, and boarded over with planks 14 in. thick, leaving 
when at sea but one small opening round the foremast. This construction 
has been found of great advantage in throwing off the seas, which, pre- 
viously to the vessels being thus protected, occasionally in heavy weather 
caused damage to the skylights and the upper works. The weight of s0 
large a piece of work, about 140 ft. in length, is considerable, and increases 
the immersion of the vessel forward; but this has been amply compensated 
for by the security afforded when pressing at a high rate of speed in 
tempestuous weather. There has not been the slightest damage to any of 
the vessels, during the last two years, since they were completely provided 
with this excellent protection. The plan was copied from a small vessel, the 
‘Menai,’ fitted out in Liverpool for the River Plate in 1854. 

The engines for all the vessels are on the oscillating principle. In the two 
pairs made by Messrs. Ravenhill, Salkeld, and Co., for the ‘ Leinster’ and 
the ‘ Connaught,’ the cylinders are 98 in. diameter, with a length of stroke of 
6 ft. 6in.; the air-pumps are 54 in. diameter, with a stroke of 2 ft. 6in. The 
eight boilers are multitubular, four being at each end of the engine-room 
space, arranged in pairs, with one funnel to each pair. There are five fire- 
grates in each boiler, 3 ft. 1 in. wide, with bars 5 ft. 6in. long. The boilers 
being placed lengthways in the vessel, the firing-space, which is 11 ft. wide, 
is in the centre. The entire extent of the grate surface in the eight boilers 
is 677 square feet; and the heating surface measures 19,700 square fect. 
The bunkers are small, being made to contain only one day’s coal, as the 
vessels can be supplied either at Holyhead or at Kingstown, during the 
interval between their arrival and departure. The space occupied in the 
length of the vessel by the engines and boilers is 108 ft., and this has been 
subdivided, by iron water-tight bulkheads, into three compartments, an 
arrangement suggested by Mr. Laird, and which has been found most bene- 
ficial in giving strength in a part of the vessel which might otherwise have 
been weak, and unequal to the severe strain of the powerful machinery 
working in the heavy seaway of the Irish Channel. The wheels, which ar 
constructed on the feathering principle, with fourteen floats each, are 31 ft. 
in diameter at the outside of the floats, or 27 ft. to the centre of axis; and 
each float is 12 ft. long by 4ft. 4in. broad. On the trial trips, the engines 
worked at the rate of 254 revolutions per minute, under a steam pressure 0! 
25 Ibs. per square inch. The mean'of the runs of the ‘ Leinster,’ at the 
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measured mile in Stokes Bay, was at the rate of 203 statute miles an hour, a 
greater speed by upwards of one mile an hour than had been previously 
attained by any other vessel. The ‘Connaught,’ when subsequently tried at 
the measured mile in Stokes Bay, attained a higher result, the mean of her 
runs showing the speed of 20% statute miles per hour. Vide Table A. 

The ‘Ulster’ and the ‘Munster’ were built by Messrs. Laird, on exactly 
the same lines as the ‘Connaught.’ The engines of these vessels were con- 
structed by Messrs. James Watt and Co., of Soho, the same establishment 
from whence the engines proceeded for the first steam-vessels built for the 
Post Office for the performance of the Holyhead Mail Service. Boulton and 
Watt would have been somewhat surprised, if it could have been foretold 
that their successors would have been called on to construct ongines tenfold 
the size of what they had made to be placed in vessels tenfold the ton- 
nage of the ‘Royal Sovereign’ or the ‘ Meteor,’ and for the same line 
of postal communication. The general arrangement of the engines in the 
‘Ulster’ and the ‘ Munster’ is nearly the same as of those in the ‘ Leinster’ 
and the ‘Connaught.’ The cylinders are in diameter 7 ft., with a length of 
stroke of 96 in. The wheels are 33 ft. in diameter over all. The boilers 
have each six fireplaces, 2 ft. 6 in. wide, and the bars are 5 ft. 6 in. long, 
giving in the aggregate as large an extent of grate surface as in the others. 
The area of the heating surface is 18,033 square feet. One funnel is used for 
the four boilers of each compartment; and as the coals are carried on the top 
of the boilers, the entire space occupied in the ship by these engines and 
boilers is but 102ft. These engines were erected on board the vessels in the 
Liverpool Docks. There is not any measured mile at that port for testing 
speed ; but from a return supplied by Messrs. Watt and Co., of observations 
made on several trips, the rate attained appears to have been 173 knots, or 
20-3 statute miles per hour, and the average performances of the ‘Ulster’ 
and the ‘Munster,’ contrasted with the average performances of the other 
vessels, fully prove that this in no degree overrates their speed, when going 
under the usual conditions of a trial ship. 

The internal arrangements of the vessels were planned with the object of 
providing for the comfort and accommodation of the public, in the way best 
calculated to mitigate and, as far as possible, to prevent the sufferings so 
usually inseparable from the passage of the rough Irish Channel. For 
although the talented builders endeavoured to design a form which should be 
easy in a seaway, both they, and those for whom they were building, were 
well aware that it was utopian to expect, as many appear to have expected, 
with ships of even their large dimensions, a uniform horizontal position in 
tempestuous weather. Enlarged size has no doubt, in many cases, lessened 
the motion at sea; but the chief advantage in this instance is that it has 
afforded the means of providing reasonable accommodation for many passen- 
gers,—a want which had been so much felt with the previous smaller class 
of packets. The saloons and cabins in the new vessels are large, lofty, and 
well ventilated. The principal one is upwards of 60 ft. in length, by 17 ft. in 
breadth, and 9 ft. 6 in. in height, there being state-rooms on each side of the 
principal saloon. There are two commodious deck-cabins. The cabins for 
the second-class passengers are placed forward. 

A better opportunity could not have been desired for attaining a good 
result, than the Holyhead and Kingstown mail line. There was sufficient 
depth of water at all times of the tide, with no natural obstruction to the 
navigation of the Channel ; and the short distance needing no great weight of 
coal, and no cargo being carried, the vessels would at all times have very 
nearly the same uniform immersion. 
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The cost of the four ships to be provided, in accordance with the contract, 
was £75,000 each. The actual cost has, however, greatly exceeded the 
amount agreed to be expended by the Company, in consequence of the size 
of the vessels having been enlarged to upwards of 2000 tons, and the en- 
gines in about the same proportion ; a change which has obtained increased 
accommodation for the public, and probably a superior performance of the 
vessels at sea. 

One of the principal peculiarities, which render these vessels of so unique 
a class, is the post-office fitted for sorting letters during the passage. The 

occupied for this purpose extends across the entire breadth of the ves- 
sel, and for the length of 30 ft., between the first and second class cabins. It 
is divided into two rooms, one for letters, and the other for newspapers. In 
these rooms the sacks are opened, the contents taken out and arranged by 
eight or ten sorters, under the direction of a head superintendent. The letters 
are stamped with the post-office packet brand, the postage label cancelled, 
and all the operations completed, so that the letters are ready for delivery, or 
to be forwarded to their destination, on the arrival of the vessel at Kingstown. 
About two hours are thus saved in the transmission of the mails, in conse- 
quence of their being made up on board, instead of after their arrival at the 
General Post Office in Dublin. Besides the gain in time thus secured for 
postal purposes, the main object to be attained was regularity; while for 
passengers, accommodation was perhaps even more to be valued than extreme 
speed. To fulfil all these conditions, it was necessary to have very large 
vessels, such only obviously allowing the requisite extent of accommodation ; 
and experience had shown that the larger the vessel, when provided with 
adequate power, the less was the difference in the length of the passage at 
sea caused by severe weather. 

The contract with the Postmaster-General had appointed January 1861 
for the commencement of the improved service. But the vessels being in 
readiness some months sooner, it was commenced, by mutual agreement, in 
October 1860, and has since been continued without interruption. When 
two of the vessels, the ‘ Leinster ’ and the ‘ Ulster,’ were completed and ready 
for duty, it was thought advisable to make a trial with them, by way of 
practice, in the performance of the old contract. Each performed the distance 
between the lighthouse on Kingstown Pier to the lighthouse at Holyhead, 
upwards of 654 statute miles, in nearly the same time on the average, namely, 
the ‘ Leinster’ in three hours and thirty-one minutes, and the ‘ Ulster’ in 
three hours and thirty-two minutes, being respectively thirteen and twelve 
minutes less than the shortest monthly average of the ‘ Banshee’ in 1848-49, 
and twenty and nineteen minutes less than the ‘ Llewellyn,’ when the 
distance between the lights was one mile less than in 1860—the Holyhead 
breakwater not having then been in existence *. The gain in speed realized 
by the new vessels was therefore at the rate of from 1-2 to 1-7 mile per hour. 

From what has been already stated, with regard to the speed of each of 
the vessels on their trial trips, when, as is usually the case on such occasions, 
the utmost power of the engines is exerted during the short time required for 
the run of a few miles, it may be readily seen that, for actual daily duty, the 
difference between the four vessels is inappreciable, a matter of paramount 
importance to a mail service. The extreme difference in the rate of speed on 
trial appears to have been about half a mile an hour, which would add but 


* The courses are laid down on the plan of Holyhead Harbour attached to this com- 
munication. 
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six or seven minutes to the passage between Holyhead and Kingstown, taking 
the present course at 57 knots, or a little over 65} statute miles; the exten- 
sion of the great breakwater having added more than a knot to the distance 
given in the Admiralty Returns as having been performed by the ‘ Banshee,’ 
the ‘ Llewellyn,’ and other packets in 1849-50. A speed of 174 knots, or 
20 statute miles per hour, on the trial trip, allows a safe margin for making the 
passage commonly in four hours, the time proposed by Government; but this 
large margin has not in practice been found too much. Again, it may be 
observed, that there is a considerable difference in running a few times by 
the measured mile, when all is tasked for a short time to the utmost, and 
making a single complete passage of the Channel, even under favourable 
circumstances. Thus, while the ‘ Connaught’ attained a speed of 203 statute 
miles an hour on her trial trip, her shortest passage of the Channel occupied 
three hours and fourteen minutes, being at the rate of about 20 miles an 
hour. ‘The shortest passage of the ‘ Leinster’ was made in three hours and 
twenty minutes; that of the ‘ Ulster’ in three hours and eighteen minutes, 
and of the ‘Munster’ in three hours and twenty-six minutes. But the 
average porformance of the vessels for the two years and five months, up to 
May 1863, during which they have been on service is still closer. Inclusive 
of all passages made in fogs, gales, &., 


hm 
The ‘Connaught’ made 1064 in the average time of 3 51°5 
The ‘ Leinster’ » 919 ” 3 52:5 
The ‘ Ulster’ ” 925 » 3 55 

and the ‘ Munster’ ,, 920 ” 3 58-1 


So close a performance by the four vessels, not identical, and not all from 
the same builders and engineers, could scarcely have been anticipated. The 
longest passage made in the severest gales has not exceeded five hours and 
forty minutes, and one vessel only has been that length of time on but two 
occasions. The previous packets were retarded by the weather to a far 
greater degree. The ‘ Banshee’ has taken nearly eight hours to cross the 
Channel; the ‘ Llewellyn,’ the ‘ Caradoc,’ and the ‘ St. Columba’ still more. 
Nearly four thousand passages have been already made up to May 1863, 
without collision, except on one occasion, which happily was not attended 
with very serious consequences. Experienced naval officers anticipated fre- 
quent and serious disasters ; but the rate of speed, 16 miles an hour, though 
high for night-work, does not appear to have been too high for safety. The 
sense of greater responsibility, and the larger number of men engaged in the 
navigation and management of the vessels, must naturally induce additional 
precaution, as well as afford the means of guarding against danger. The 
facility with which these large vessels are handled and brought alongside the 
jetties is remarkable. The practised skill of the officers, and the quickness 
with which the engines are managed, frequently succeed in getting the ves- 
sels alongside, in making them fast, establishing the means of communication 
with the shore, and in landing the mails in three or four minutes. 

The consumption of coal in the first few months was considerably in excess 
of the quantity originally estimated. Steam of from 25 lbs. to 28 lbs. pres- 
sure was then used, which not only required much extra coal, but severely 
taxed the durability of the boilers. Arrangements were therefore made to 
reduce the consumption to the amount stated in the estimates submitted to 
Government, on which the contract was founded. The result has been satias- 
factory, while the additional time occupied on the passages is but a few 
minutes, and they are still made on the average within the time allocated to 
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the sea service by the proposal of Government. The necessity of laying up 
the vessels more frequently for repairs has been also diminished, which is a 
matter of much importance, as they are of so unique a class, that in the event 
of more than two being laid up at the same time, it would be impossible to 
obtain an efficient substitute, and therefore the postal service might be ex- 
posed to some danger of interruption, if such circumstances were to continue 
for any length of time. The engines in the ‘ Ulster’ and the ‘Munster’ 
were provided with superheaters, but experience has not shown any advan- 
tage resulting from their use, either as reducing the consumption of coal or 
tending to a superior performance. These vessels have made, up to May 
1863, in the aggregate 1845 passages, in the average time of 3h. 56 min., 
and have consumed 30 tons 7 cwt. on the average of each, inclusive of the 
quantity required for raising steam, which is very considerable. The ‘ Lein- 
ster’ and the ‘ Connaught,’ without superheaters, have made 1983 passages, 
in the average time of 3h. 52 min., and have consumed (inclusive of raising 
steam), on the average, 30 tons 1 cwt. of coal. 

No breakdown has taken place with any of the engines. On two occa- 
sions some derangement occurred with the wheels. Very constant attention 
is given, during each “rest” after the usual term of duty, to the machinery 
and the boilers, so as to prevent the necessity of extensive repairs. 

The principal trouble has arisen from the difficulty which appears to be 
experienced in obtaining sufficiently sound forgings for the large intermediate 
air-pump crank-shafts. As a precautionary measure, two duplicate shafts 
fitted with cranks had been included in the original order, one suitable for 
either pair of engines from each firm, so that no time might be lost in repla- 
cing one, if at any time it was found to be defective, or appeared to be doubt- 
ful. This was no needless precaution, as within the first year it was found 
necessary to condemn two shafts and to use the duplicates, and the veasels 
were ready within the week for service instead of being laid up for months. 
Two new spare shafts were immediately again ordered, and these have since 
been required; and another of steel, made by Mr. Krupp (of Essen), is also 
now in use. Thus, within the space of two years and a half, five of these costly 
pieces of work were condemned. It is but justice to the makers of the engines 
to state that they have met the case in the most satisfactory manner. No fail- 
ure has hitherto occurred with any of the shafts supplied by the Mersey Steel 
and Iron Company, and they have done their full share of duty. Very great 
exertion was made by that establishment on one occasion to prepare a forging 
within the short space of three weeks, to replace one under peculiar circum- 
stances, which rendered the utmost expedition important. 

With regard to the ships, it is very satisfactory to be able to state that no 
repairs have so far been needed. They are now in as perfect condition, after 
the performance of their severe duty, as when they commenced in 1860. 
The frequency of docking, for the purpose of cleaning and coating, has 
afforded constant opportunity of examination, but painting only has been 
found necessary. 

To maintain speed, it is obviously indispensable to keep the bottoms of 
the vessels clean ; but as no docking accommodation has as yet been provided 
at Holyhead, and it being objectionable to remove the vessels from the station 
to the graving-docks of other ports, if possible to avoid doing so, the experi- 
ment of employing divers, while the vessels lay alongside the jetty, was tried 
last summer, and with some success. The growth of marine vegetation and 
the adhesion of marine animals, which take place rapidly in the summer 
months, were prevented to a considerable extent. 
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Panticutanrs oF Tr1aL Trips. (Table A.) 


Ranshee. Liewellyn. | Victoria and Albert. Leinster. Connaught. 

. When tried ......... 10th Jan., 1846) 15th May, 1848/28rd July, 1855 |26th July, 1860/27th Sept., 1860 
Where tried.........| Long Reach |NoreandMouse| Stokes Bay Stokes Bay | ‘ Stokes Bay 
Draft of Water— ; ; 

Forward ...... 8 ft. 8 in. 8 ft. Gin. 13 ft. 10 in. 12 ft. 2} in. 12 ft. 9 in. 

Aft ............ 9 ft. 9 ft. Zin. 14 ft. 13 ft. 24 in. 18 ft. Zin. 
Area of Midship } 192 ft. 185 ft. 401 ft. 886 ft. 841 ft. 

Section ......... 
No. of Revolutions. 30°5 28°5 25°4 26°25 mean 25°5 
Preasure on Safe- . 

} ave } 19 Ibe. 20 Ibs. 23 lbs. [25 Ibs. by gaugel264 lbs. by gauge 
Vecuum in Con- - - 25 in. 25 in. 25} in. 
Nominal Horse: 850 350 600 720 720 
In i Horse- 1,555 1,890 2,980 4,751 4,735 
Speed of Vessel— 

Knots......... 16°1 15°912 16°827 17°747* 18-079* 
Statute Miles. 18553 18317 19°377 20°429 20°811 


Report on the present State of our Knowledge of the Reproductive System 
in the Hydroida. By Gro. J. Atiman, M.D., F.R.C.S.1, F.R.S., 
F.R.S.E., M.R.ILA., Regius Professor of Natural History in the 
University of Edinburght. 

From the time that Ehrenberg announced a sexual differentiation among the 

Hypsoma, and assigned a significance which was very nearly the true one to 

those parts of their structure which are at present known to be destined for 

° the formation of ova and spermatozoa, a marked progress set in in our know- 
ledge of the phenomena, morphological and physiological, which occur among 
these animals; and the investigations of numerous observers, both in this 
country and abroad, have thus resulted in a very extensive, if not yet com- 
plete, acquaintance with a group of animals which are probably not surpassed 
by any in interest, whether we regard the singularity and beauty of their 
forms or the light which they seem capable of throwing upon various questions 
in morphology and physiology,—a group, however, which, if we would hope 
to attain to any important knowledge of the structure, functions, and rela- 
tions of the animals which compose it, can alone be studied by laborious ob- 
servation of these animals in their living state, and by unremitting and 
wearying microscopical dissections, while even this would lose half its value 
unless accompanied by faithful drawings, as the only means by which it is 
possible to give permanence to the characters of these frail and transitory 
organisms. 
Many years’ study of the Hyprorpa has, however, convinced me that the 
phenomena of their life-history have not all received their true interpretation ; 


® The mean of four runs. 

+ The greater part of the following Report was laid before the Cambridge Meeting of 
the Association, in Sept. 1862; it was only, however, at the following Meeting, August 
1863, that it was possible to present it in its completed form. 
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and I have endeavoured to embody in the following Report the results of this 
study, so far as they regard reproduction, combining them with what has been 
added by the labours of others in the same field, 80 as to present, as far as 
possible, a comprehensive survey of this department of research. 

Among the older observers, those to whom, during the last century, we 
are chiefly indebted for advancing our knowledge, both morphologically and 
physiologically, of the Hyprorpa, the names of Ellis and Cavolini stand con- 
spicuous; while, during the present century, the labours of Sars, Ehrenberg, 
Lovén, Krohn, Kolliker, Gegenbaur, Steenstrup, Van Beneden, Dujardin, 
Leuckart, Fritz Miiller, Claparéde, and others on the Continent, Agassiz, 
Clark, and M°Crady in America, and in our own country those of Dalyell, 
Huxley, Alder, Hincks, Busk, Strethill Wright, and Greene, have thrown 
new and important light upon their structure and functions, and have led to 
the determination of the true import of many phenomena which would other- 
wise have remained imperfectly understood. 

Among the works which have of late years done most in the simple de- 
scriptive zoology of the Hyprorma must be mentioned the ‘ Monograph of the 
British Naked-eyed Medusee,’ by Edward Forbes, and the ‘ History of the 
British Zoophytes,’ by George Johnston—works whose specific determination 
of the British forms have greatly smoothed the way towards their profounder 
study, affording to the anatomical worker of the present day the same kind 
of aid which the zoological descriptions in Ellis’s classical ‘Essay on the 
Natural History of Corallines’ gave to the earlier investigators. 

In combining anatomical with zoographical description, the 4th volume of 
the great work of Agassiz (Contributions to the Natural History of the 
United States of America, 1862) holds a preeminent place in the fulness of 
its descriptions and the profuseness and excellence of its illustrations; and 
though I shall have occasion, in the following pages, to dissent from some of 
the views of the celebrated American zoologist, I must here express my ad- 
miration of this fine contribution to the zoological literature of our day. 

Besides the advantages I have derived from consulting the works of the 
various authors named above, I must express my thanks for much valuable 
information derived from personal correspondence with numerous friends, 
especially Professors Huxley and Greene, the Rev. Thomas Hincks, Mr. 
Alder, and Mr. Busk. 

Some apology may be deemed necessary for the number of new terms in- 
troduced into the following pages; I do not believe, however, that I have 
employed one which could be advantageously dispensed with. Among the 
means which have tended most to advance a philosophic zoology is a well- 
selected and accurately defined terminology ; while few things have tended 
to retard it so much as ill-selected and loosely applied terms. A rigidly de- 
fined and significant terminology not only facilitates in a way which it alone 
can do the communication of scientific ideas, which would otherwise have to 
be expressed by cumbrous circumlocution and phrases which fail to impart 
definite ideas, but, like the symbols in algebra, it even becomes a direct instru- 
ment in the investigation of truth. 

The subclass Hyproma of the following Report includes the orders Hydrida, 
Tubularida, Campanularida, and Sertularida, being so far exactly coextensive 
with the Hydroida of Johnston. It necessarily embraces, however, most of 
the so-called naked-eyed Meduss; for a large proportion of these are now 
known to be the free zooids of polypoid forms belonging to the Tubularida and 
Campanularida, while those which have not yet been so traced—provided we 
have no reason to regard them as the free zooids of the SrrsonopHorna—and 
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even those which may be proved to be developed directly from the egg, cannot, 
in a philosophical system, be separated from the others*. 


I. SxEercH oF THE GENERAL MORPHOLOGY OF THE HYDROIDA. 


The Hyprorpa, wherever our knowledge of them is sufficiently complete 
to justify us in arriving at any conclusion regarding the entire life of the in- 
dividual, are all, with, so far as we yet know, only a single exception, composite 
animals at one period of their existence, each consisting then of an assemblage 
or colony of zooidst in organic union with one another. The colony thus 
formed constitutes the ‘‘hydrosoma” of Huxley. 

The associated zooids are always of two kinds (fig. 1). In one (a, 6,c,d,e) 


Fig. 1.—Campanularia Johnstoni, showing the trophosome and gonosome. 


a, b, c, d, e, various re of the trophosome, and /, g, of the gonosome. 

a, Polypite expanded ; the tentacles are in a single verticil, but when fully extended are 
held with the alternate one elevated and depressed ; 5, polypite retracted; c, empty hy- 
drotheca; d, stem supporting the polypite and hydrotheca ; e¢, creeping stolon ; jf, go- 
nangia containing gonophores, which in the present species are in the form of complete 
gymnophthalmic medusw; g, one of these meduse just after its eacape from the gonan- 
gium. 


* The recent coral-group Tabulata, and the extinct one Rugosa, are referred by Agassiz 
to the Hyproma. Our knowledge of their structure, however, is as yet very imperfect ; 
and as we know nothing whatever of their generative phenomena, I shall make no further 
reference to them in the Report. 

at he the introduction of the very convenient term “ zooid”’ into the language of zoology 
1863. Oo 2a 
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the zooid is destitute of all power of true or sexual generation, and has as its 
proper function the nutrition of the colony. The other group of zooids (f, g) 
has nothing to do with the nutrition of the colony ; it has as its proper function 
true generation, and the zooids which compose it give origin to the generative 
elements—ova and spermatozoa, either directly or after having first developed 
a special sexual bud. For the whole assemblage of the former or nutritive 
zooids I propose the name of “ trophosome’’*, while to the latter or generative 
zooids I shall give the name of “ gonosome’’+. Every hydroid, therefore, with 
whose life-history we are acquainted, consists essentially, with the solitary 
exception already alluded to, and which will be afterwards more particularly 
mentioned, of a trophosome destined for the preservation of the individual, 
and a gonosome for the perpetuation of the species. 

The proper nutritive zooids (fig. 1 a,b; fig. 2 a) which constitute the 
essential part of the trophosome of the Hyprorpa have long been known, in 
common with the zooids of the Acrrnozoa, by the name of Polypes. It will 
be more convenient, however, to restrict this term to the Acrrnozoa, to which 
Reaumur, borrowing it from Aristotle, who used it for the cuttle-fishes, 
originally applied it; while we may employ the term “ polypite” as proposed 
by Huxley § for the alimentary zooids of the Hyprozoa. 

The polypite consists essentially of a digestive sac, opening at one end by 

‘a mouth, and prolonged at the opposite into a simple or branched tube 
which is common to all the zooids of the colony. Behind the mouth are 
situated, in almost every instance, tubular offsets from the digestive sac. 
These are known as “ tentacula” ; they are usually arranged in a single ver- 
ticil (Campanularia, Sertularia, &c.), sometimes in two, one behind the other 
(Tubularia), while they are sometimes scattered over the body of the polype 
(Coryne, &c.), or are partly verticillate, partly scattered (Pennaria)||. 


——— 


we are indebted to Prof. Huxley, who, in defining the “ individual” as “ the total result of 
the development of a single ovum,” proposed to designate by the term zooid all more or 
less independent forms which may be included as elements in this total result. (See Huxley, 
Observations on Salpa, &., in Phil. Trans. 1851; Lecture on Animal Individuality, 
Ann. Nat. Hist. June 1852 ; and his review of J. Miiller’s Researches on the Development 
of the Echinodermata, in Ann. Nat. Hist. July 1851. See also ter, Princ. Gen. and 
Comp. Physiology, 1851, p. 906, and Brit. and For. Med. Chir. . for Jan. 1848 and 
Oct. 1849, where he clearly supports the same idea, using the expression ‘“‘s generation” 
for all that intervenes between one act of true or sexual generation and another. 

The distinction between a “‘zooid” and an “organ” is not always easy, and may indeed 
sometimes appear to be arbitrary. T believe, however, that we may regard as a zooid every 
portion of an animal which is not the immediate result of true sexual generation, and is 
yet capable of independent existence, as well as such portions which, though never attain- 
mg to independent existence, yet homologically represent independent forms. In this sense 
not only are the free medusyform buds of the Hyproma true zooids, but we must alao re- 
gard as such the fixed polypites and those fixed gonophores which never attain a developed 
medusiform structure, as well as the simple generative sacs which are developed on the 
radiating canals of Obelia, Thaumantias, &. (see p. 401). 

* Tpégw, to nourish, and owpa, body. 

t Pévos, offspring, and cwpa. 

{ The trophosome of the Hyprorpa admits of an easy comparison with that of the 
S1pHONOPHORA; but among the zooids which are associated in the trophosome of the 
SrpHoNorHora there are, in the Calycophorids and many Physophorids, besides those 
constructed for the immediate reception from without of the nutritive material which con- 
stitutes the food of the colony, certain others which are destined for locomotion and pro- 
tection, and whose part in nutrition is accordingly subordinate to that of the former. 

f The ‘Oceanic Hydrozoa,’ published by the Ray Society, 1859. 

| In the Calycophoride and most Physophoride the tentacles of the polypite are reduced 
to a single one arising from its base, while the polypites of the Velellidw and Physalidsy sre 
altogether deprived of tentacles, their place being here apparently taken by anslogous fili- 
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It is rare for any other form of zooid besides the polypite to enter into the 
composition of the trophosome. In a few genera, however (Plumularia and 
its allies), we find associated with the polypites certain very remarkable zooids, 
whose function, though obscure, is more likely to be connected with the nu- 
trition of the colony than with anything else. The bodies in question have 
been named “ nematophores’”’ by Busk*. They are situated upon certain 
definite points of the trophosome, and consist of minute tubular receptacles 
containing a soft granular protoplasm, and frequently, though not always, a 
cluster of large thread-cells. The protoplasm which fills these receptacles 
can spontaneously emit prolongations of its mass in no way distinguishable 
from the “ pseudopodia”’ emitted by the true Ruizoropa. In fact, the con- 
tents of the nematophores present in this respect no appreciable difference 
from the protoplasm composing the body of an Amoeba. The thread-cells, 
however, though apparently immersed in the protoplasm, do not seem to be 
ever carried out in the pseudopodial prolongations, and it is probable that the 
portion of the contents of the nematophore with which they are in immediate 
connexion does not participate in the power of emitting pseudopodia. 

The trophosome may consist of only a single polypite (Corymorpha), or, 
what is by far the most frequent condition, it may consist of many associated 
mto a compound group or colony. All the zooids of a colony, both those be- 
longing to the trophosome and those belonging to the gonosome, are kept in 
organic union with one another by a common connecting tubular basis (fig. 1 
d,e). To this common basis of communication I have elsewheret given the 
name of “ canosare.”’ . 

Both zooids and coenosarc are composed of two membranes, an outer or 
“* ectoderm” and an inner or “ endoderm,” the ectoderm having its free sur- 
face in direct relation with the outer world, while the free surface of the 
endoderm is turned inwards and forms the boundary of the gastric cavity 
and of all its prolongations through the organism}. A similar composition 
may be demonstrated not only in all the rest of the Hyprozoa, but in the 
whole group of the Carenterata. For the important generalization which 
thus asserts the composition of every colenterate animal out of two mem- 
branes—a generalization which forms the basis of the whole morphology of 
the Celenterata—we are indebted to Professor Huxley, who first enunciated it 
as a great anatomical truth §. 

The ectoderm invariably contains imbedded in it the peculiar bodies known 
as thread-cells, which are frequently aggregated in definite groups, very cha- 
racteristic of the speciesin which they occur. A fibrillated contractile tissue, 
resembling non-striated muscular fibre, may also in a great many instances 
be demonstrated in connexion with the ectoderm. 

In every member of the Hyprorpa with whose trophosome we are ac- 
quainted, excepting only the freshwater Hydra and probably also Nemopsis, 


form organs, which occur at a distance from the polypites, and arise from the common con- 
necting basis of the colony. 

* Busk, MS. Lectures on Comparative Anatomy delivered in the Royal College of 
Surgeons, London. 

+ “On the Anatomy and Physiology of Cordylophora,” Phil. Trans. 1858. 

t From this ization, ever, we must except the “ Nematophores,” in whose 
srople grenular amoeboid protoplasm no differentiation into ectoderm and endoderm can be 


§ See his Memoir on the Anatomy and Affinities of the Medusa, Phil. Trans., June 1849 ; 
also his ‘ Oceanio Hydrosos,, published by the Ray Society, 1859, and Lectures on General 
Nat. Hist., in the ‘Medical Times.’ 
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with its curious free trophosome, described by McCrady*, and Acaults, another 
genus with a free trophdsome, described by Stimpson f, the ectoderm excretes 
from its outer surface an unorganized pellicle chemically identical with chi- 
tine, and forming an external tubular investment for the soft organized ecto- 
derm. The extent to which the ectoderm is covered by it varies: in some 
cases it is confined to the cosnosarc; in others it extends not only over the 
entire coonosarc, but is often continued for a greater or less extent, and in a 
more or less modified form, over the various zooids of the colony. In the 
Sertularida and Campanularida (fig. 1) it forms cup-like receptacles—the 
“‘ hydrothece”’ of Huxley, into which the polypites are retractile. It is in- 
variably absent from those zooids which have detached themselves from the 
eolony, in order to lead an independent life in the open seat. For this un- 
organized excretion, which must be placed in a totally different category 
from that of the ectoderm and endoderm, I propose the name of periderm §. 
Two different classes of zooids may combine to make up the gonosome||. To th 
more important and only constant one of _. . 
these classes (fig. 2 c) Lhave elsewhere Fig. 2.—Group consisting of three 
given the name of gonophore, a term zooids from a colony of Hydrac- 
which I shall continue to employ in the “ta echinata, taken from near 
present Report. The gonophore is either the margin of the colony. 
the ultimate generative zoord, giving origin 


directly to the generative elements, or 
it gives origin to these elements through Y 
the medium of a special sexual bud which X\ 
is developed from it. Though possessing N fh | 
intimate homological relations with the 
polypite, it is nevertheless constructed 
upon a special type, and may be in every 
case referred to the plan, frequently much 
modified, of the so-called ‘ gymnoph- 
thalmic medusa.” It often separates 
itself from the rest of the hydroid, and 
then lives as a free locomotive zooid in 
the open sea (fig. 1 9). 

The other class (fig. 2 5)is not neces- 
sarily present. It consists of peculiarly 
modified polypites, having their aliment- 
ary function more or less suppressed, but 
never detaching themselves from the tro- 
phosome so as to enjoy an independent 
existence. They are the “‘ gonoblastidia” 
of Huxley. 

The gonophore is always borne as a ‘dium bearin 
bud, either directly upon some part of a, apiral py ypi it 
the trophosome, or upon the gonoblasti- margin of the colony. three sovids 
dium, or upon another gonophore which are connected to one another by a com- 
is not then the ultimate generative zooid. ™0" basal expansion or ccnosare. 


* “ Gymnophthalmata of Charleston Harbour,” in Proc. Elliott Society of Nat. Hist. of 
Charleston, South Carolina, 1859. 

¢ ‘Synopsis of the Marine Invertebrata of Grand Manan,” in Smithsonian Inst. vi. 1854. 

{ Itis also entirely absent from the SIPHONOPHORS. § epi, around, and dé, skin. 

|| Without including the peculiar receptacles in Plusularia and ite allics, ccsoribed 
below under the name of “ corbule.” { Proc. Roy. Soc. Edinb. Session 1857-58. 
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The gonophores, though presenting manifest homological parallelism with 
the polypites, have a very different form, fitting them for the special functions 
to which they are destined. They are constructed essentially on the plan of 
a gymnophthalmic medusa, but vary greatly in the degree of completeness in 
which this plan is expressed in them. They may be primarily referred to one 
or other of two principal types, based respectively upon their greater or less 
approach to the completely formed medusa. The peculiar condition by 
which one of these types is characterized may be named “ phanerocodonic” *, 
while that which distinguishes the other may be designated as “ adeloco- 
donic” ¢+—conditions, however, which, it must be borne in mind, pass into one 
another by numerous gradations. 

The phanerocodonic condition is found in those gonophores whose essential 
part is a typically developed medusa (fig. 1g), and which are distinguished 
by having a well-developed umbrella, provided with the wide aperture or 
‘6 eodonostome’’ ¢ which characterizes this part of the structure in the com- 
plete medusa; the umbrella, except in one remarkable form—that presented 
by Clavatella, Hincks (fig. 3), and by Hleutheria, Quatrefages—being emi- 
nently contractile and fitted for natation. The adelocodonic condition is 
found in the bodies to which I have elsewhere given the name of sporosac ; 
these bodies have either no umbrella (fig. 2), or, if this be present, it is in 
an incompletely developed state, never provided with a wide open codono- 
stome, and quite incapable of acting as a locomotive organ. . 

The phanerocodonic gonophores, in by far the greater number of instances, 
detach themselves, either in whole or in part, from the trophosome or gono- 
blastidium after they have attained a certain degree of maturity, and lead 
henceforth an independent existence, during which they increase in size, often, 
develope new parts, and sooner or later give origin to ova or spermatozoa. 

In some cases, however, they develope and discharge their reproductive 
elements while still attached, and then wither away, without ever becoming 
free, notwithstanding their well-developed contractile umbrella apparently 
fitting them for an independent natatory existence. That there is, however, 
no essential difference between these two forms is evident from an observation 
of Agassiz, who found the gonophores of Coryne mirabilis, Agass., in the earlier 
months of the year, detach themselves from the trophosome and swim away 
as gymnophthalmic meduse before the development in them of ova or sper- 
matozoa; while, somewhat later, he has seen the gonephores attain to sexual 
maturity without ever becoming free. 

The free phanerocodonic gonophore is in a single instance ambulatory ; in 
all others it is natatory, locomotion being effected by alternate systole and 
diastole of the umbrella§. In the ambulatory form the umbrella is incapable 
of evident systolic and diastolic movements, and locomotion is performed by 
marginal tentacles peculiarly modified for creeping over solid bodies. This 
very exceptional form has been met with only in Clavatella, whose tropho- 
some has been discovered by Hincks, and in the nearly allied Eleutheria of 
Quatrefages, whose trophosome has not yet been detected. 

While all the leading features of a gymnophthalmic medusa are thus at 
once obvious in the phanerocodonic gonophore, the adelocodonic gonophores, 


* @ayvepdse, manifest, and cadwy, a bell. + “AdnAos, not apperent, and cwdwy. 
t Kedev, and oréya, 8 mouth. 
§ The gonophores of the Calyoophoridee roperly come under the designation of phane- 


rocodonic, though they may never become free, and though we find them departing some- 
what from the typical form of the gymnophthalmic meduse by the non-development of 


tho marginal appendages of the umbrells. 
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on the other hand, present the medusoid structure only in a disguised or unde- 
veloped condition. They have the form of sacs, and, except in a single known 
instance, the whole gonophore remains permanently attached to the tropho- 
some, giving rise within it to the generative elements, which, after attaining 


Fig. 3.—Ambulatory medusa of Clavatella prolifera. 


a certain degree of maturity, are ultimately discharged from its cavity. The 
single exception is afforded by the genus Drcoryne, Allm. (fig. 4), in which, 
before discharging its generative products, the gonophore liberates iteelf from 
its external investment or ectotheca, and thus becoming free, swims about 
actively by the aid of vibratile cilia. 


Fig. 4.—Free locomotive sporosac of Dicoryne. 
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A, Male sporosac, still enclosed in its ectotheca. B and C, female gonophores after 
liberation from the ectotheca, swimming on the open sea; they represent two views of the 
same gonophore in planes at right angles to one another. 
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Though it is necessary to distinguish the gonoblastidia from the polypites, 
it cannot be overlooked that they pass into them by certain transitions. 
Agassiz* describes a well-developed mouth in the so-called fertile polypites 
or gonoblastidia of the Hydractinia polyclina of the North American coast, 
and it is doubtful whether even in our Hydractinia echinata the nutritive 
function is ever absolutely suppressed in the otherwise very characteristic 
gonoblastidia of this species. In certain Eudendria the polypites, which 
carry the gonophores grouped round their base, present a perfectly developed 
form while the gonophores are young; but as these continue to grow, the 
polypites which carry them frequently become atrophied, losing their ten- 
tacles and mouth, and by the time the gonophores have attained maturity 
the polypites have assumed the condition of gonoblastidia. Again, among 
the Sertularida, we find in Halecium halecinum the gonoblastidium, which 
here becomes a “ blastostyle” (see p. 370), developing from its summit a pair 
of perfect polypites with tentacles and mouth. These, however, are all ex- 
ceptional cases, and do not render less valid the association of the gonoblas- 
tidium with the gonosome rather than with the trophosome, while they are 
important as showing the homological identity between the polypite and the 
gonoblastidium. 

When we compare with one another the various forms of phanerocodonic 
gonophores, we shall see that they are divisible into two important groups. 
In the gonophores belonging to one of these groups the generative elements 
are produced directly by the gonophore itself, being developed between the 
endoderm and ectoderm of its manubrium (fig. 8, p. 369); while in those be- 
longing to the other group they are not produced directly by the gonophore, 
which is then, properly speaking, non-sexual, but are found in a special sexual 
bud to which this non-sexual gonophore itself gives rise (figs. 17 & 18, p. 401). 
It is necessary to distinguish these groups; and I shall accordingly designate 
the former or sexual form of phanerocodonic gonophore by the name of gono- 
chemet, while to the latter I shall give the name of gonoblastochemet. 

Whether the entire gonosome remains during its whole lifetime connected 
with the trophosome, or becomes in any part an independent zooid, it is 
manifest that it constitutes an essential element in the character of the spe- 
cies, and the study of no one species of hydroid can be regarded as complete 
unless it embrace both trophosome and gonosome. Since, however, in many 
cases we are acquainted with only the free gonophore, not having yet dis- 
covered the trophosome to which it belongs, while in other cases the tropho- 
some alone is known to us, we have been in the habit of treating such in- 
stances in our systems without regard to the missing zooids, and as if they 
afforded examples of independent species; but it must never be forgotten 
that the data on which we thus assign to them the rank of determinate 
species, or even genera, are insufficient for the purposes of a philosophic 
system: such genera and species must be regarded as purely provisional ; 
for the zoologist is no more justified in accepting such incomplete characters 
as sufficient for the accurate determination of his hydroid, than would the 
botanist be in regarding the flower alone on the one hand, or the root, stem, 
and leaves alone, on the other, as affording characters sufficient for the defi- 
nition of any flowering plant whose exact determination he would attempt. 


* Contrib. to the Nat. Hist. of the United States, vol. iv. 
+ Tévos, offspring, and Synpa, a carriage. 
t Févos, BrAaords (a bud), and dynpa. 
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If. Morrno.oey or THE GoNoPHORE. 
A. Parts of an adelocodonic gonophore. 


An adelocodonic gonophore, when fully developed, consists of the following 
parts (see fig. 5 A, and fig. 6 A, B, C) :— 

1. An external membranous closed sac, ectotheca*. 

2. A second sac lying immediately within the ectotheca, mesothecat. 

3. A system of canals which permeate the walls of the mesotheca, gastro- 
vascular canals. 

4. A third sac, internal to the mesotheca, endotheca t. 

5. The generative elements (ova or spermatozoa), contained immediately 
within the endotheca. 

6. A hollow process which occupies the axis of the gonophore, whose 
cavity is in communication with the somatic cavity of the trophosome, and 
round which the generative elements are produced, spadix§. 

It is not usual, however, for the adelocodonic gonophore to possess all the 
parts here enumerated, the mesotheca and gastrovascular canals in particular 
being often entirely suppressed. The only absolutely constant parts are 
spadix, endotheca, and generative elements. 


B. Parts of a phanerocodonic gonophore. 


In a completely developed phanerocodonic gonophore the following parts 
may be distinguished (see fig. 5 B and fig. 6 D):— 

a. An external membranous closed sac, ectotheca. . 

6. Within the ectotheca a peculiar body known as a gymnophthalmic me- 
dusa. | 

The gymnophthalmic medusa, which thus constitutes the essence of the 
phanerocodonic gonophore, consists of the following parts :— 

1. An open contractile bell or disc, umbrella. 

2. A central hollow body hanging from the summit of the umbrella-cavity, 
and bearing a mouth at its free extremity, manubrium ||. 

3. A system of canals excavated in the substance of the umbrella, and 
lined with endoderm. They consist of a set of radiating canals and of a cir- 
cular canal: the former are in by far the majority of cases four in number, 
or some multiple of four; they open by their proximal extremities into the 
base of the manubrium, and thence extend at exactly equal intervals towards 
the margin of the umbrella, while the circular canal runs round the umbrella 
immediately within its margin, and receives the distal extremities of the ra- 
diating canals which here open freely into it. These two scts, radiating and 
circular, constitute the gastrovascular canals. 

4. Contractile tentacula which spring from the margin of the umbrella. 

5. Either accumulations of pigment-granules, named ocellt, which occur at 
the base of the tentacles, and in which a refractile body is occasionally im- 
bedded, or else peculiar capsules, lithocysts, which are attached to the margin 
of the umbrella, and enclose one or more transparent refractile corpuscles. 

6. A membranous extension (velum) of the margin of the umbrella over 


* "Eerds, outer, and Oijen, a sheath, 

+ Mécos, middle, and @nxn. 

ft "Evdoy, within, and One. 

§ Eddi, the closely crowded spike forming the inflorescence of s palm-tree, &c. 

|| Manubrium (Latin), a handle. It is the “peduncle,” “ proboscis,” “stomach,” &c., of 
authors. The term manubrium was suggested by me some years ago (Proc. Roy. Soe. 
Edin. 1858), in order to obviate the incorrect or equivocal signifivance which attachus iteelf 

=ames usually employed for this part. 
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the mouth of the bell, where it forms a thin muscular diaphragm, perforated 
in the centre by a circular opening of greater or less diameter. 

7. Generative elements *. 

In the description here given of the phanerocodonic gonophore, the some- 
what aberrant group of meduste which constitutes the family of the Zyinide 
is not included ; for these medusew, while further research will probably suc- 
eeed in referring them to polypoid trophosomes, have not as yet in any case 
been actually so traced. (See below, p. 418.) 

We have already seen that the phanerocodonic gonophore may be a truly 
sexual zooid, which will then always give origin to ova or spermatozoa by the 
direct development of these elements between the ectoderm and endoderm of 
its manubrium (see fig. 5 B), without the intervention of any specialized bud, 
and will accordingly in this respect entirely correspond with the adelocodonic 
forms. It is to these properly sexual phanerocodonic gonophores that I have 
given the name of “gonocheme.” Of this form we have examples in the 
types which have been described by authors under the names of Sarsia, 
Steenstrupia, Oceania, &e. (figs. 6 D, 8, & 16). 

A large number of free gymnophthalmic meduse, however, some of which 
are known to proceed from polypoid trophosomes, are properly non-sexual, 
and cannot give origin to the generative elements without the previous deve- 
lopment of a special sexual bud. The sexual bud is borne upon some part 
of the course of the radiating canals; and it is this bud which is the true 
physiological equivalent of the adelocodonic gonophore and of the sexual form 
of phanerocodonic gonophore. Examples of this phenomenon may be seen 
in those medusss which have been included by authors under the types of 
Obelia, Eucope, Thaumantias, &c. (figs. 1g, 17, & 18). 

It is to these free medus, which, while they are themselves properly non- 
sexual, give origin, like the gonoblastidium of Hydractinia, to sexual buds, 
bat which, unlike the gonoblastidium, are endowed with locomotive powers, so 
that they carry these buds from place to place by the contractions of their 
umbrella, that I propose to give the name of “ gonoblastocheme’’f. 

In the account here given of the gonoblastocheme, I have confined this term 
to such forms of meduse as develope distinct sexual buds upon the radiating 
canals. In some of those meduse, however, in which the reproductive 
elements are produced between the ectoderm and endoderm of the manu- 
brium, we find a greater or less tendency to a differentiation of the repro- 
ductive mass from the general walls of the manubrium. This may be seen, 
for example, in certain forms of the Oceania, Turris, and Lizzia types, in 
which the ova or spermatozoa are developed in more or less specialized, fre- 
quently convoluted lobes of the manubrium, while in some, as in M 
Agass., these lobes are continued from the manubrium for some distance 
along the course of the radiating canals. I am not, however, yet prepared 
to place these cases in the same category with the true gonoblastocheme ; for 
I have not had an opportunity of examining the structure of the manubrial 


* The structure above described is that of the phanerocodonic gonophore in ite most com- 
letely developed form, such as we meet with it in many of the Tubularida and and Campanu- 

larida. Such complete differentiation, however, is not always attained even in the Hy- 
DEoDA, while among the S1pHoNOPHORA the margin of the umbrella in the Calycopho- 
ride carries neither tentacles, ocelli, nor lithocysts, and the manubrium developes, at least 
usually, no mouth upon ite extremi 

+ In order to avoid complicating the e subject, IT have deemed it better to leave out of view 
the question as to whether the particular meduse@ under discussion have been derived from 
a polypoid trophosome, or are the direct result of the development of anovum. (Sce below, 
p- 417 &., where this question of the origin of the meduse is fully treated.) 
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lobes, so as to make out with certainty whether they be homologous with proper 
sporosacs. They may ultimately prove so; but until then it will be safer to 
restrict the term ‘‘ gonoblastocheme ” to those forms to which I have here 
applied it. When it shall be shown that specialized sexual zooids are developed 
from the manubrium, the same term must then be extended to the meduse 
in which this phenomenon can be proved to occur. 

Besides giving origin to their generative elements in special sexual buds 
developed on the radiating canals, the gonoblastocheme differs still further 
from the gonocheme in the almost universal absence of “ ocelli” on the bases 


Fig.5.—Diagrammatic sections of adelocodonic and phanerocodonic gonophore. 
B A 


A, Adelocodonic gonophore. 3B, Phanerocodonic gonophore. 

a, ectotheca ; 6, mesotheca or umbrella; c, endotheca; d, spadix; e, ova; f, radiating 
gastrovascular canals; g, circular gastrovascular canal seen in transverse section ; 4, mar- 
ginal tentacle ; 4, ocellus in bulbous base of tentacle; k, velum ; J, peduncle of gonophore ; 
m, general cavity of cenosarc; #, mouth. 

on both sections the endoderm is distinguished from the ectoderm by giving it a darker 
8 a 


of the tentacles, and the presence of “ lithocysts,” which are developed on the 
intertentacular spaces of the umbrella margin*. 


C. Homological parallelism between the sporosac and the medusa, and between 
the gonophore and the polypite. 


While it will be found very convenient to insist upon the differences pointed 
out above between the phanerocodonic and the adelocodonic gonophores, it must 


* An exceptional condition is presented by Thaumantias as limited by Gegenbaur, and 
by Slabberia, Forbes, in both of which ocelli are present and lithocysts absent, though the 
meduse belong to the type of the gonoblastocheme ; while in Tiaropsis diademata, Agass., 
another medusa of this type, a well-defined pigment-spot has been described by Agassis 

existing in the base of the lithocyst, a statement which I can confirm by my own 
vation on an undescribed species of Tiaropsis captured on the Firth of fr orth. 
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not be supposed that these two forms are constructed upon plans widely 
different from one another. We find, on the contrary, that the most exact 
parallelism admits of being demonstrated between them ; for though they 
may at first sight appear very different, it can nevertheless be shown that the 
closed generative sac of a Clava or a Hydractinia is an easily understood 
modification of a medusa*. 

-In comparing the two classes of gonophores with theview of determining 
their homological relations, their composition out of the two membranes ecto- 
derm and endoderm must be carefully kept in mind. 

Commencing with the central parts of a phanerocodonic gonophore (fig. 5 B), 
and comparing these with the central parts of an adelocodonic gonophore 
(fig. 5 A), we shall find that in the former we have a manubrium in the form 
of a more or less elongated tubular body occupying the axis of the gono- 
phore. The walls of the manubrium are composed of two layers, an internal 
or endodermal layer and an external or ectodermal; and in all phanero- 
codonic gonophores of the sexual type (gonochemes) these two layers become 
ultimately more or less separated from one another by the development of the 
generative elements between them. 

In the adelocodonic gonophore also we have a double-walled tubular body 
occupying the axis ; but while in the phanerocodonic gonophore this body is 
in almost every case perforated by a terminal mouth, in the adelocodonic 
forms it is completely closed. The generative elements are here also de- 
veloped between the two layers exactly as in the gonocheme ; but, in conse- 
quence of the absence of a mouth, the central organ assumes, by the increasing 
volume of these elements, the appearance of a single-walled sac, filled with 
ova or spermatozoa, and having a cecal diverticulum (spadix) plunged into 
the middle of the mass. This cecal diverticulum is plainly the equivalent of 
the endodermal portion of the manubrium in the phanerocodonic gonophore, 
while the wall of the sac (endotheca), which thus immediately confines the 
generative elements, represents the ectoderm of the same organ. 

The umbrella and gastrovascular canals of the phanerocodonic gonophore 
have their equivalents in the mesotheca and canals of the adelocodonic gono- 
phore, when these happen to be present, though in many cases they are never 
developed ; while the ectotheca holds exactly the same position and relations 
in the two forms. 

It would seem that in no case is a velum or its homologue developed in the 
adelocodonic gonophore, while the marginal tentacles of the phanerocodonic 
forms are, except in the “‘ meconidium”’ (see below, p. 376, fig. 12), also without 
their representative in the sporosac; for the tentacula-like tubercles which 
crown the summit of the adelocodonic gonophore of some of the Tubularide 
(Tubularia coronata for instance) are of an entirely different significance, 
being merely processes of the ectotheca. 

We are thus enabled to trace a close parallelism between the two kinds of 
gonophore ; but another comparison of great interest in this inquiry here sug- 
gests itself, that, namely, between the gonophore and the polypite. Now there 


Oceania octona, Fleming, and O. turrita, Forbes, meduse: belonging to the of the 
gonocheme, are, on the other hand, described by Forbes as having a lithocyst imbedded in 
the tentacular bulb just below the ocellus. 

® It is now many years since I endeavoured to demonstrate that the so-called “ ovarian 
vesicles” of the Twbularida, and the fixed sacs contained within the gonangium of the 
Sertularida and Campanularida, were in all cases strictly homologous with the free me- 
dusee—that they possess a true medusal structure in a more or less ed or disguised 
condition. (“‘On the Anatomy and Physiology of Cordylophora,” Phil. Trans., June 1858.) 
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can be little difficulty in finding in the body of the polypite the homologue of 
the manubrium of the medusa*® ; but the equivalents of the umbrella and gas- 
trovascular canals of the medusa are not at first sight so obvious. I believe, 
nevertheless, that these are not totally unrepresented in the polypite. It will 
be kept in mind that the tentacula of the polypite are merely tubular radia- 
ting prolongations of the digestive cavity, though with the cavity of the 
tube usually more or less obliterated by the peculiar condition of the endo- 
derm, and that for some distance from their origin they are necessarily in- 
cluded in the thickness of the body-walls of the polypite. Now this included 
portion I regard as the true representative of the radiating canals of the me- 
dusa ; and if we were to imagine the ectoderm of the polypite in a Eudendrium 
or Campanularia to acquire unusual thickness in a gone corresponding in 
position to the roots of the tentacles, we should have a disc-like extension of 
the polypite traversed in a radiating direction by tubular extensions of the 
endoderm which lines the body-cavity of the polypite, and this disc would 
only need to become still further expanded in order to show itself as an un- 
mistakeable umbrella, with radiating gastrovascular canals, while the pro- 
boscidiform extension of the body, which in these genera advances far in front 
of the base of the tentacles, would resemble in all essential points the manu- 
brium of the medusa. 

Now the commencement of such an expansion 1s evident in the polypite of 
many Campanularide, while in Laomedea flexuosa, Hincks, and Campanulina 
(Laomedea) acuminata, Alder, the ectoderm of the body is actually extended 
as a thin disc for a considerable distance in the plane of the tentacles, which 
acquire in consequence the appearance of being connected at their bases by 
an intervening web. 

While the portion of the tentacles included in the thickness of the body- 
‘wall of the polypite will thus be the equivalent of the radiating canals of the 
medusa, the free portion of the tentacles is plainly homologous with the free 
tentacles, which in the medusa hang from the margin of the umbrella at the 
points corresponding to the entrance of the radiating into the circular canal, 
and which must be regarded as strictly the continuation of the radiating 
canals beyond their apparent termination in the circular canal. The tenta- 
cles, which in many meduse spring from the intervening spaces upon the 
margin of the umbrella, and are therefore not directly continuous with the 
radiating canals, make their appearance probably in all cases later than the 
others, and are frequently less developed. These must be placed in the same 
category with the lithocysts as simple marginal appendages, to be carefully 
distinguished from the primary tentacles, and, like the lithocysts, have no 
representative in the polypite. 

* Huxley (‘Oceanic Hydrozoa’) strongly insists on this relation, and is so impressed 
with the closeness of the homology, that he uses the same term, “ polypite,” for both. 

Agassiz (op. cit. vol. iv. p. 226) has witnessed the very simple adelocodonic gonophore 
in male specimens of his Rhszogeton fusiformis, instead of withering away after the discharge 
of its contents, elongate iteelf, develope tentacles, and become transformed into a polypite. 
I have myself, on one occasion, seen an analogous phenomenon in the female gonophore of 

lophora lacustris, in which, after the discharge of the ova, the spadix had become 

ted through the ruptured chitinous investment of the original gonophore, had deve- 
loped an ectoderm, thrown out tentacles from ite summit, and become metamorphosed 
into an ordinary polypite. In the case of Cordylophora the transformation is confined to 
the spadix, while, according to Agassis, the entire gonophore of Rhicogeton takes part in 
the metamorphosis. 

I believe that in both cases the phenomenon is an abnormal one; it certainly is so in 


Cordylophora, for, in the ordinary conditions to which this hydroid is exposed, no meta- 
orphosis of the kind takes place. 
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It cannot be urged as an argument against this view, that the circular 
canal of the medusa is not represented in the polypite; for the absence of a 
developed umbrella in the polypite necessarily brings with it the absence of 
this canal; and for the same reason, velum, lithocysts, and secondary tentacles 
are also absent. Neither can it be said that those cases in which the ten- 
tacles of the polypite are not arranged in a single verticil, but are repeated 
regularly or irregularly in different planes upon the body, are inconsistent 
with the homological relations here insisted on; for such cases can be 
regarded only as special modifications of the more typical plan which has 
directly suggested our comparison. 

Huxley, believing the difference in structure and development between the 
locomotive disc of the gymnophthalmic and that of the steganophthalmic 
medusee to be so great as to place them in different categories, would confine 
the term “ umbrella” to the disc of the steganophthalmata, and would desig- 
nate that of the gymnophthalmata by the terms ‘“‘nectocalyx” and ‘‘gonocalyx.” 
I was at first disposed to adopt the same view; but an investigation of the 
mode in which this part makes its appearance in the gymnophthalmic forms 
has convinced me that the development is essentially the same in both cases, 
and that, notwithstanding some marked structural differences, there is suffi- 
cient unity between the two to render it more convenient to speak of them 
under the same term as strictly homologous organs. In both cases they are 
formed by an outgrowth of the walls of the polypoid manubrium, and the fact 
that the steganophthalmic medusa is produced by successive transverse divi- 
sions of a “‘ scyphostoma,”’ while the gymnophthalmic medusa is formed as a 
lateral bud from a hydroid trophosome, is no valid argument against this 
approximation ; for every segment of the “‘ scyphostoma”’ is strictly compar- 
able to the bud of the hydroid, and developes its umbrella by an outgrowth 
from its sides in quite the same way. ; 

A very instructive example, which strikingly bears out the comparison I 
have here attempted to make between the polypite and the medusa, is afforded 
by the remarkable locomotive zooid which with its ectotheca forms the gono- 
phore of Dicoryne (fig. 4, p. 358). This little zooid is essentially a free me- 
dusa, reduced to the condition of an ova-bearing or spermatozoa-bearing 
manubrium, from whose base two free tentacula are developed. Now there is 
here no umbrella; but it is evident that we have only to imagine the ectoderm 
of the manubrium projected as a disc, in the way already supposed, in the 
horizontal plane passing through the base of the two tentacles so as to in- 
clude the basal portion of these tentacles in its thickness, in order to have 
an umbrella with two radiating canals added to the manubrium. 

But development entirely coincides with anatomy in pointing to the same 
conclusion ; and it is only necessary to trace the formation of the umbrella 
and radiating canals in the budding medusa, in order to become convinced 
that their origin is essentially that here insisted on (see below, p. 397); while 
the interesting observations of Johannes Miiller on the development of Agi- 
nopsis (see below, p.418), and of McCrady on that of Cunina (see below, p. 419), 
show that in these genera the umbrella grows out as a horizontal dise from 
the walls of a free polypoid manubrium, which bears a close resemblance to 
the generative zooid of Dicoryne*. 


* At the same time, however, we must not, in this comparison, overlook the fact that 
both Aginopsis and Cunina belong to the Aiginida, a family which in many res pre- 
sente an approach to the steganophthalmata ; while, according to Frits M B account 
of the development of Lyriope catharinensis (Wiegm.Arch-1 , p- 810), the process would 
seem to be, even in the undoubted gymnophthalmata, sometimes ifterent ; as in this case, 
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The parallelism which I have thus endeavoured to demonstrate may be 
expressed in the following scheme. 


PHANEROCODONIC ADELOCODONIO | 
GonopHore. GonoPpuore. Pouyrire. 
Hoctotheca .........ccccccscccescceescecsveceeenceess Ectotheca  .........2.. | 
Umbrella ............cccccesccceecccevesscccenscees Mesotheca ........0... Basal web of tentacles . 
in 
osa, &e. | 
Gastrovascular canals ..................0-2s00008 Canals of mesotheca .|/Base of tentacles ex- ; 
tending through the ' 
thickness of the | 
| body-walls. 
Ectoderm of manubrium ...................6:. .|Endotheca .......00... Kotoderm of probos- 
cis. 
Endoderm of manubrium ...................55 SPAdIX .......seseseenene Endoderm of probos- | 
cis. 
Manubrium ........ccesssssssreeeeetteeseresnerees Spadix-+endotheca... Proboscis. 
Primary or radial marginal tentacula ...... tentacula in'Free portion of tenta- | 
the meconidium. cu | 
Secondary or interradial marginal tentacula |Secondary tentacula 0 ! 
in the meconidium.! 
0 0 
0 


D. Further modifications of the gonosome. 


Besides the great leading differences already described, many others of a 
more subordinate kind are met with. The adelocodonic gonophore in parti- 
cular exhibits many special modifications, and presents us with a regular 
series of gradations in complexity, which throw much light on its morphology. 

The simplest form is probably that which we meet with in the female go- 
nophores of the freshwater Hydra. Here there would seem to be no differ- 
entiation of an ectotheca, while the spadix itself remains in a rudimental 
condition, being scarcely elevated above the base of the gonophore, whose 
whole cavity becomes at an early period occupied by the single large spheri- 
cal ovum. 

An advance over this condition is seen in the sexual bud which is borne by 
that form of medusa described above, under the name of “ gonoblastocheme.”’ 
Here we have the ultimate sexual bud quite destitute of ectotheca, and re- 
duced to the condition of spadix and endotheca separated from one another 
by the intervening generative elements (fig. 18, p. 401). 

In Clava, Hydractinia, &c., we have a still farther advance in complexity. 
The gonophore has here the form of a simple closed sac, whose axis is occu- 
pied by a cylindrical or club-shaped spadix, round which the generative 
elements are clustered (fig. 6 A). Careful examination, however, will show 
that the walls of the sac consist of two membranes, an outer or ectotheca and 
an inner or endotheca. The mesotheca is entirely absent. 

In Garveia nutans, Wright, I have found a mesotheca to be distinctly de- 
monstrable ; but it is closed at the summit, and destitute of circular canal, 
while four short radiating canals may be seen in its walls extending from the 
base of the spadix for about a third of the height of the sac (fig. 6 B). 

In Tubularia indivisa the mesotheca presents the highest degree of deve- 


*f the observer has correctly interpreted the appearances, the umbrella would be formed 
the excavation of a solid spherical embryo. 
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lopment which it attains in any adelocodonic gonophore, if we except the 
peculiar body described below under the name of “ meconidium.” It is per- 
forated at its summit, and the perforation is surrounded by a distinct circular 


a. 


A, Clava multicornis. B, Garveia nutans. C, Tubularia indivisa. D, Syncoryne 
CzTvinea. 

@, ectotheca; 5, mesotheca; o, endotheca; d, spadix; d', manubrium; e, radiating 
gastrovascular canals; /, pyar aa canal; g, marginal tentacles ; 4, ocelli ; 
0, OV&; p, ovarian plasma in Twdeularia. 
canal which receives four radiating canals, which open into it by small bulbous 
expansions (fig. 6 C). We thus find almost entirely the condition of a medusa— 
a medusa, however, which never becomes free, the mesotheca never disen- 
gaging itself from the ectotheca, the spadix remaining as a simple cecal di- 
verticulum, and the codonostome being reduced to a mere perforation of the 
mesotheca, while this last exhibits but the faintest traces of contractility, 
and is quite incapable of acting as a locomotive umbrella. 

From the sporosac of Tubularia indivisa it is thus but a single step to the 
true phanerocodonic gonophore, such as we find in Corymorpha nutans, 
Campanularia Johnstoni, or Syncoryne (Coryne) eximia, where the mesotheca 
assumes the condition of a contractile locomotive umbrella, with a well- 


368 REPORT— 1863. 


developed codonostome and velum, and, the manubrium now becoming per- 
forated by a mouth, the gonophore is no longer dependent on the trophosome 
for its nutrition, but can become free and lead an independent life in the 
open sea (fig. 6 D and fig. 17). 

The typical and ordinary condition of the spadix is that of a hollow cylin- 
drical or clavate body, occupying the axis of the adelocodonic gonophore. 
Occasionally, however, it departs from this condition and becomes more or 
less branched, as in Plumularia pinnata, Luomedea caliculata, &c. 

The gastrovascular canals may, as we have already seen, be either entirely 
suppressed, or present the condition of simple, short, blind tubes, radiating from 
the base of the gonophore, or be continued from this point as fully developed 
radiating canals to the distal extremity of the gonophore, where they become 
united by a circular canal. In Cordylophora lacustris*, however, instead of 
being simple tubes, they consist of irregularly branched and anastomosing 


* The genus Cordylophora was founded by me, in 1848 (Reports of the Meeting of 
the British Association held in Cork, 1843, and Ann. Nat. Hist. xiii. p. 880), for s 
remarkable tubularidan with scattered filiform tentacula, a well-developed periderm, and 
with adelocodonic gonophores scattered upon the ultimate ramuli of ite branching tro- 
phosome,—a tubularidan, moreover, singularly exceptional in ite mode of life, being, with 
Hydra, the only known hydroid which is an inhabitant of fresh water. 

Agassiz, in his recent work (Nat. Hist. of the United States, vol. iv. p. 289), refers the 
genus Cordylophora to the genus Syncoryna of Ehrenberg, which he reconstructs for this 
purpose. From such a determination, however, I must altogether dissent. The name 
Sy na was introduced by Ehrenberg, in 1832 (Beitrage zur Kenntniss der Corallen- 
thiere des Rothen Meeres), to replace that of Stipuda, Sars’s name for a genus of hydroids 
cxactly equivalent with the Coryne of Gartner, a genus from which C is abso- 
lutel excluded by, among other characters, its filiform tentacula destitute of capitula. 

E berg thinks that a hydroid discovered by Cavolini in the Bay of Naples, and de- 
scribed by him under the name of Serfularia parasitica (Mem. Polypi Marini, 1788, pl. vi. 
figs. 8-13), belongs to the genus Syncoryna= Stipula. In this, however, he is evi ly 
mistaken, Cavolini’s hydroid, so far as we can judge from the account left us by its dis- 
coverer, being al her excluded from the genus Stipuda as defined and fixed by Sars. 

If Ehrenberg not been, like Sars, led into error as to the just application of the name 
Coryne, he would, instead of changing Sars’s name of Stipula for one of his own, have 
simply restored the old name of Coryne as originally given oY Gartner. 

Agassiz, however, retains the generic name of hr., but modifies the genus 
by removing from it all the forms included in it by Ehrenberg, except the Serfularia pa- 
rasitica of Cavolini, which, as we have just said, was erroneously placed there by Ehren- 
berg. To this he adds the species of the genus Cordylophora, under the belief that Cor- 
dylophora lacustris and Sertularia parasitica are congeneric forms. 

Even allowing that this reconstruction of Syncoryna in a sense which was not under- 
stood by its founder is admissible, I must entirely differ from Agassiz in his generic aseo- 
ciation of Cordylophora with the Sertularia parasitica. 

The Sertularia parasitica, aJready taken by Van Beneden as the type of a new genus, 
Corydendrium, Van Ben. (Bull. Ac. Brux. 1844), is certainly a very remarkable hydroid, 
and it is greatly to be desired that we knew something more of it than what is to be 

ered from the figures and description (excellent though they be for the time) which 
ve been left us by the celebrated Neapolitan observer. these, however, so far as 
they go, we learn that it has a curious complex coenosarc, consisting in the main stems of 
fancaclee of tubes which become single only in the smaller branches; that it has a singu- 
larly extensile and dilatable proboscis ; and that, if we be justified in offering any interpre- 
tation of the curious buds represented in one of the figures (fig. 11, c), we must 
them as phanerocodonic gonophores, for it is impossible not to recognise in them a 
resemblance to young meduse still enclosed in the ectotheca. Of the singular formation 
of egg-like bodies in the interior of the stems, as described by Cavolini, I cannot offer any 
lanation. 
n all these points Cavolini’s hydroid stands widely separated from Cordylophora, and 
it cannot therefore be associated with it in a common generic grou 

I must therefore continue to maintain the independence of Cordylophora.as a legitimately 

onstituted genus. 
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canals which extend from the base to the summit of the gonophore, where 
they end in blind extremities, without any connexion with a circular canal. 

The usual condition of the adelocodonic gonophore is that of a simple, more 
or less spherical or oval sac. In Eudendrium, however, the male gonophores—. 


Fig. 7. 
Male gonophore of 
Eudendrium, show- 
ing the develop- 
ment of the sper- 
matogenous tissue 
at intervals be- 
tween the ectoderm 
and endoderm. 


@, very extensile manubrium ; } db, male elements developed. 
at intervals between the ectoderm and endoderm of the manu- 
brium ; ¢, ocellus. 


1863. 2B 
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present the form of a simple sac only at first ; for by the time that their con- 
tents have approached maturity, new spermatogenous tissue becomes apparent 
between the endoderm and ectoderm of their supporting peduncles, and these 
two membranes thus become separated from one another so as to form a second 
sac immediately behind the first, while a third may in the same way be 
formed behind the second, the gonophore thus acquiring the peculiar monili- 
form or polythalamic conformation characteristic of this genus (fig. 7). It will 
be at once apparent that the separate chambers presented by this peculiar form 
must not be regarded as so many distinct gonophores; the whole moniliform 
series ought rather to be viewed as a simple adelocodonic gonophore, in which 
the endotheca is not uniformly separated from the spadix by the intervention 
of the spermatogenous tissue, but remains at intervals permanently adherent 
to it. Among the free meduse an entirely analogous phenomenon occurs in 
a Sarsia-like medusa of unknown trophosome, which I captured in the towing- 
net on the south-west coast of Ireland (fig. 8). In this, the manubrium, which 
is extraordinarily extensile, and can be projected for a great length beyond the 
umbrella, was enlarged at distinct intervals by the development of the gene- 
rative elements between its ectoderm and endoderm. The specimen captured 
was a male, and the manubrium, when extended, presented, by the mode in 
which the spermatogenous tissue was developed in its walls, five elongated 
cylindrical enlargements, separated from one another by long thin intervening 
portions, in which the ectoderm and endoderm of the manubrium continued 
in direct contact with one another, no generative element being there deve- 
loped. The spermatogenous mass which occupied the free end of the manu- 
brium was divided into two by a shallow strangulation. The peculiar mode in 
which the generative elements are developed in the manubrium of Dipurena, 
a nearly allied genus described by M¢Crady*, would seem to afford an exam- 
ple of an analogous phenomenon. 

The gonophore may be borne upon a distinct peduncle, which may be 
simple (Syncoryne eximia, &c.) or branched (Tubularia indivisa, Corymorpha 
nutans, &c.), each branch then bearing a gonophore on its summit; or the 
peduncle may be evanescent, and the gonophore become sessile (Laomedea 
flexuosa, &c.). 

The gonophores, whether phanerocodonic or adelocodonic, may be destitute 
of any further covering, and will then, while attached to the trophosome 
(Coryne, Clava, &c.) or to the gonoblastidium (Dicoryne, Hydractinia, &.), 
have their surface in immediate contact with the surrounding water (fig. 2 c). 

In other cases the gonoblastidium, with its gonophores, may be surrounded 
by a close case or capsule, formed by a layer of ectoderm with an external chiti- 
nous investment (Campanularia, Sertularia, &c.) (fig. 1f). I have elsewhere 
designated this capsule by the name of “ gonangium”’+. The gonoblastidium 
extends through the axis of the gonangium as a cylindrical column, bearing 
the gonophores as buds upon its sides, and generally expanded at its summit 
into a conical plug or disc, by which the gonangium is here closed. It 
will be convenient to distinguish specially this modification of the gono- 
blastidium ; I have elsewhere used for it the term “ blastostyle’’t, and shall 
in the present Report employ the same term in the sense thus defined. 

In some cases the contents of the gonangium escape, when mature, by the 
simple rupture of the summit (Plumularia, &.). In others, however, the 


* MCrady, op. cit. p. 135. 
+ Tévos, and dyyeiov, a vessel, * On the Structure and Terminology of the Reprodac- 
“+e System in the Corynidee and Sertulariade,” Ann. Nat. Hist. July 1860. 
BAaords, a bud, and orvAos, acolumn. Proc. R.S. Edin. 1858. 
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summit is separated as a distinct lid, which is then either cast off at once 
(Sertularia pumila, &.), or it remains moveably attached by one spot of its 
edge, as by a hinge, to the margin of the 
aperture thus formed in the summit of the 
gonangium (Sertularia operculata, Antennu- 
laria). 
The Hydroida with naked gonophores may 
be termed “ gymnogonial”’®, while those in 
which the gonophores are contained in a 
gonangium may be termed “ angiogonial’’ t. 
In by far the greater number of cases the 
blastostyle carries numerous gonophores, 
which always increase in maturity as they 
recede from the base and approach the 
summit of the gonangium. In some cases, 
however, the blastostyle bears but a single 
gonophore ; and then it often happens that 
the gonophore enlarges to such an extent as 
to fill nearly the entire cavity of the gonan- 
gium, the blastostyle being pushed aside out 
of the axis, and becoming often compressed 
and flattened over the gonophore, or even 
becoming partially absorbed, so as to render 
it difficult to demonstrate its existencet. 
Sometimes the cavity of the blastostyle, 
though in the very young state quite sim- 
ple, soon breaks up, from a common point 
near the base, into several distinct tubes, 
which again unite in the common cavity of 
the plug-like summit. This has been shown 
by Agassiz to be the case in his Clytia pote- 
rium, and I have myself seen it in a nearly 
allied, if not identical, species from the east 


Fig. 9. — Female gonangium 
with acrocyst of Sertularia 
pumila 


coast of Scotland. 

In every adelocodonic gonophore belong- 
ing to gymnogonial genera, as well as in 
most of those which belong to angiogonial 
genera, the generative elements are dis- 
charged directly into the surrounding water, 


a, gonangium ; 3, blastostyle; c, 
opercular summit of blastostyle ; 
d d, cecal offeets from the summit of 


the blastostyle ; e, gonophore after 
having discharged its contents into 
the acrocyst ; /, spadix; g, proper 
sac of acrocyst; 4, external gelati- 
nous investment of acrocyst ; #, ova 


in a more or less developed condition, from contained in acrocyst; &, young ova 
the summit of the gonophore. In the fe- im blastostyle. 

males of some angiogonial species, however, the ova, instead of escaping 
directly from the gonophore into the water, are retained for some time in a 


© Tvpsds, naked, and yévos. 

t ‘Ayyetoy, a vessel, and yévoe. Since the present Report was laid before the Associ- 
ation, I have seen Victor Carus’s “‘ Classification of the Hydroida”’ in the ‘ Handbuch der 
Zoologie,’ by Peters, Carus, and Gerstacker, 1863, and find that he there employs the 


terms ‘‘gymnotoka” and “skenotoka” in the same sense in which gymnogonial and 
angiogonial are used in the Report. 
t The difference presented by the gonangia, according as they contain numerous gono- 


phores or only a single one, is by Gegenbaur (‘ Generationswecheel,’ p. 38) as 
of sufficient importance to induce him to distinguish the gonangia into “polymeric” and 
‘*monomeric.” I am not disposed, however, to give much weight to this ifference, which 
really consists in a comparatively trivial modification of a common aa 
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peculiar receptacle, where they undergo further development, and which is sup- 
ported upon the summit of the gonangium, and entirely external to its cavity 
(fig.99,h). It will be found convenient to employ a special term for this 
receptacle, which confers upon the gonosomes in which it occurs a very cha- 
racteristic feature. I have already designated it by the name of “ acrocyst” *. 
It may be seen in Sertularta pumila, S. cupressina, S. polyzonias, Cal 
syringa, é&c., and would seem to be in every instance confined to the female. 

There is some difficulty in determining the exact morphology of the 
acrocyst. In its usual form it seems to consist of a simple extension of the 
endotheca of the gonophore, protruded as a hernia-like sac through the 
summit of the gonangium, while the whole becomes surrounded by a thick 
gelatinous-looking envelope, which is excreted from the outer surface of the 
sac, and which shows no appearance of true structure, though distinct zones 
of deposition may occasionally be observed in it. 

In Calycella (Laomedea) lacerata, Johnst., the spadix itself, as has been 
correctly stated by Dr. 8. Wright, is, with the surrounding endotheca and 
ova, carried upwards upon the blastostyle, by whose elongation it is protruded 
as an acrocyst from the summit of the gonangium, when the whole becomes 
invested by the usual thick gelatinous excretion. The peculiarity of the 
acrocyst in this case is found in the presence within it of the spadix, which, 
however, is depressed by the enlarging ova, and forced back into the bottom 
of the sac. 

In the interior of the acrocyst, the ova pass through certain stages of their 
development, and ultimately escape as free ciliated embryos by the rupture 
of its walls. 

In the cases just described, the acrocyst is destitute of any farther covering, 
and has its walls with their gelatinous investment freely exposed to the 
surrounding water. In Sertularia rosacea and S. tamarisca, however, an addi- 
tional covering is provided for the acrocyst, and there is thus formed a curious 
and complicated receptacle, in which the ova, as in a sort of marsupium, pass 
through certain early stages of their development, previously to being dis- 
charged into the surrounding water. 

The nature and morphology of this receptacle in Sertularia rosacea (fig. 10) 
will be best understood by tracing its development. The young female gonan- 
gium is a conical body, with eight slightly projecting longitudinal ridges, and 
with the broad end of the cone constituting the distal end or summit of the 
gonangium. A blastostyle occupies its axis, having upon ita sides, one over the 
other, the young budding gonophores, and expanding at its summit into a 
broad thick disc, which closes, as with a plug, the free énd of the gonangium. 
Upon the outer side of this disc a thin chitinous investment is excreted, be- 
coming continuous at the edge of the disc with the chitinous walls of the 
gonangium, while in the centre of the disc the chitinous investment is defi- 
cient, leaving there a large circular aperture where the summit of the 
blastostyle is naked. 

The edge of the disc soon becomes produced into eight thick symmetrically 
radiating lobes, which gradually elongate themselves, carrying with them a 
continuation of the chitinous excretion, which forms a wide tube around each : 
and now bending upwards, in the form of cight arms with enlarged ex- 
tremities, they remind one of the disposition of the petals in a flower, and 
present altogether an appearance of great elegance. These eight radiating 
arms are composed of ectoderm and endoderm, and have their axis occupied 


e 


* “Acpoy, the summit, and cvors, a vesicle. Proc. Roy. Soc. Edin. 1838. 
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by a tubular cavity, which communicates with that of the blastostyle. As the 

arms continue to elongate, we find them next (h) with their free extremities 

Fig. 10.—Female gonangium 
with marsupial chamber of 
Sertularia rosacea. 


bending towards one another, until finally, 
by the meeting of their extremities, they 
completely enclose an oval space (c), which 
is entirely shut in by the lateral coalescence 
of the wide chitinous tubes with which the 
radiating processes are each invested. 

In the mean time the eight longitudinal 
ribs of the gonangium continue themselves 
upon the radiating arms, and ultimately 
extend beyond their extremities as free 
pointed processes. Two of them, however, 
situated opposite to one another, greatly 
surpass the others in size, and mainly con- 
tribute to the peculiar and characteristic 
form of the gonangium *. 

If we compare the structure now de- 
scribed with an ordinary polypite, we shall 
have no difficulty in recognizing an exact 
parallelism ; for the eight tubular processes 
which are developed from the summit of 
the blastostylo may be regarded as homo- 
logous with the tentacles of a polypite. 
They have, however, undergone a special 
modification, by which they become subser- 
vient to an entirely different function from 
that of the tentacles of the polypite; for, 
no mouth being developed on the blastostyle, 
they are no longer prehensile organs admi- 
nistering to the alimentation of the colony, 
but, like the blastostyle itself, have assigned 
to them functions appertaining to repro- 
duction rather than nutrition, and are 
destined to circumscribe a cavity for the 
retention and development of the ova. 

The ova would seem to continue in the 
marsupial cavity until they have acquired 
the condition of cilidted embryos. 

The modification of marsupial receptacle 
which occurs in Sertularia tamarisca is also 
very interesting. The female gonangia 
(fig. 11) are here of an oval form for about 
the proximal half of their length, and then 
become trihedral, with the sides diverging 
upwards, while the whole is terminated by 
a three-sided pyramid. The sides of the 


a, lateral walls and, 6, roof of the 
gonangium proper;  c, chitinous 
lle of the feraupial chamber ; d, 
three of the six smaller and, e¢, the 
two larger spine-like processes which 
crown the marsupial chamber; /f, 
blastostyle; g, disc-like summit of 
the blastostyle; A, the eight radiating 
tubular processes from the summit of 
the blastostyle; 4s, ova in the mar- 
or ig cham a Liles ae 
no ree ull still yaa to th bl 
style, and containing two ova on 
the inal vesicle -dastinck i, dila- 
tation of the blastostyle, probably an 
incipient gonophore. 


pyramid are cut into two or three short teeth along their edges, and each 
of their basal angles is prolonged into a short spine. 


* In ea oe ee 


Pee oe Hedin 
Edin. 
identical with that here described in S. rosacea. 


res and short description given by Dr. Strethill 
th April, 1858), it would scem that the structure ie very nearly 


ial chamber is developed in the gonangi " nangium, and, 
rig t 
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The trihedral portion, with its pyramidal summit, is formed of three 
leaflets (5), which merely touch one another by their edges without adhering, 


so that they may be easily separated by the 
dissecting-needle or by the embryo during 
its escape. They consist of the same chi- 
tinous material as that which forms the 
rest of the gonangium, excreted doubtless 
originally upon the surface of an ectodermal 
lamina. 

On laying open the gonangium, the oval 
or proximal portion of it is seen to be oc- 
cupied by a blastostyle (c,d), which gives 
origin to one or more gonophores (¢). It 
terminates upwards by closing round the 
distal extremity of the blastostyle, where 
it forms a mng, with tooth-like 
by which the extremity of the blastostyle is 
encircled. This oval portion constitutes the 
gonangium proper, and is the only part de- 
veloped in the male. 

From the summit of the blastostyle 
several irregularly branched cxecal tubes (1), 
apparently communicating with its cavity, 
are given off; they lie altogether external 
to the oval portion orgonangium proper,and 
embrace a delicate sac (<), within which are 
one or two ova (J) in an advanced stage of 
development, each in a delicate structureless 
sac (m) of its own, which is continued by a 
narrow neck to the summitof theblastostyle. 

The ova, with their investing sacs and 
the surrounding crecal tubes, are farther 
closed in by the three leaflets already men- 
tioned as constituting the trihedral portion 
of the gonangium. These leaflets are given 
off from the sides of the oval portion, or 
proper gonangium, a little below its sum- 
mit; and, being in contact by their edges, 
completely enclose a space which is occupied 
by the structures just described. 

The homological relations between the 
marsupial receptacles of Sertularia rosacea 
and S. iamarisca are at once apparent, 


Fig. 11.—Female gonangium 
with marsupial chamber of 
Sertularia tamarisca. 


and are very interesting. The ramified cecal 


tubes (fig. 117%) of S. tamarisea are mani- 
festly the representatives of the eight sim- 
ple tubes (fig. 10 A) in S. rosacea, while the 
three broad chitinous leaflets whichsurround 
the whole externally are homologous with 


the continuation of the gonangium in S, ™ “élicate special sac of the ovem 
rosacea, where, with its prominent ridges and spines, it forms an external 
capsule-like covering for the sac into which, as in S. tamarisca, the ova are 


~*xpelled from the gonangium proper. 
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The structures just described in Sertularia rosacea and S. tamarisca will, I 
think, enable us to explain a peculiar feature observed in S. pumila and 
probably some other species. In S. pumila the blastostyle of both male and 
female gonangia gives off from its enlarged opercular summit several more or 
lees ramified cecal tubular processes (fig. 9 d), which, instead of developing 
themselves externally, are found entirely within the gonangium, where they 
hang freely from the summit of the blastostyle. Their walls are composed both 
of endoderm and ectoderm, and their cavity communicates with that of the 
blastostyle, s0 that the peculiar coloured corpuscles which circulate within 
the cavity of the blastostyle are freely admitted into the ceecal tubes, where 
they may occasionally be seen in active motion. The tubes can be most 
satisfactorily examined in the younger gonangia. In the older ones they will 
frequently be found to have contracted adhesions to the gonangium, to have 
become atrophied, and, finally, even to have disappeared. 

I believe that these tubes are the exact equivalents of those which in 
Sertularia tamarisca and S. rosacea are given off from the same part of the 
blastostyle, but where, instead of growing into the cavity of the gonangium, 
they are developed in an outward direction, and assist in the formation of 
the peculiar receptacle which surrounds the acrocyst in those species*®. 

Among the various modifications presented by the gonosome there is 
perhaps not one more interesting than that which we mect with in Laomedea 
Lovéni, Allm., and at least one other allied species. In this hydroid there 
are borne upon the summit of the gonangium, and altogether external to its 
cavity, certain very peculiar gonophores, which convey the impression of 
small, fixed, imperfectly developed meduse (fig. 129 9). It was to these 
extracapsular gonophores that Lovén long agot called attention when he 
supported and developed the doctrine, just then announced by Ehrenberg, 
of the sexuality of the Hyproma—a doctrine which, though in its mode of 
statement not absolutely correct, was yet full of significance. 

The bodies in question are nearly spherical sacs, and occur in both the 
male and female colonies. In their walls may be demonstrated an ectotheca, 
mesotheca, and endotheca. The generative elements (2m) are formed within the 
endotheca, and surround a well-developed spadix. The endotheca, however, 
is generally of short duration, becoming absorbed or ruptured under the in- 
creasing volume of its contents. In the female four very distinct radiating 
canals (f) may frequently be seen ; these spring from the base of the spadix, 
and thence run in the walls of the mesotheca towards the opposite end of the 
sac. In many cases, however, I was unable to detect any trace of these 
canals, and could never find them in the male. We should, however, be 
scarcely justified in asserting that in such cases they are altogether absent ; 
for it is quite possible that emptiness or some other peculiar condition at 
the time of observation may have caused them to escape detection—a sup- 


* It is evidently the tubes here described to which Agassiz (Nat. Hist. U. 8. vol. iv. 
p. 329. pl. xxxii. figs. 10, 10*) refers as occurring in a North American hydroid which he 
regards as identical with the Sertularia pumila of the European coasts. He views them, 
however, as simply representing the fleshy bands which may frequently be seen in the 
trophosome of the Hydroida, extending from the outer surface of the coenosare to the inner 
sarface of the chitinous periderm, and which these tubes certainly reeemble when they 
become more or less atrophied and adherent to the walls of the gonangium. They are also 
described and tgured y Lindstrdm in a paper on the development of Sertularta pumila 
(Ocfversigt af Kongl. Vetenskaps-Akademiens Férbandlingar, 1855.) 

+ Lovén, Beitrige zur Kenntniss der Gattungen Campanularia und Syncoryne, Wiegm. 
Arch. 1837. Lovén names the bydroid in which he witnessed the extracapsular gonophores 
Campanularia geniculata, which is certainly a wrong determination of the species. 
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position which receives confirmation from the fact that, even in those cases 
where they are most obvious, they become obliterated under slight pressure. 


At the summit of the sac 
the mesotheca is perforated 
by acircular aperture,round 
which its walls appear to be 
thickened, and probably con- 
tain here a rudimental cir- 
cular canal in which the 
radiating canals terminate ; 
at least, the presence of co- 
loured granules at this spot 
affords an indication of the 
existence of such a canal. 
The ectotheca, which is 
loaded with thread-cells, is 
also perforated by an aper- 
ture corresponding to that 
of the mesotheca; and the 
gonophore is crowned by a 
circle of short tentacles (n), 
which seem to originatefrom 
the thickened margin of the 
perforation in the summit of 
the mesotheca. 

The tentacles possess, like 
the marginal tentacles of a 
true medusa, considerable 
contractility. They may 
frequently be seen of very 
different lengths in different 
gonophores of the same co- 
lony; and this, which is 
really the result of different 
degrees of contraction, may 
be easily taken for different 
degrees of development, the 
tentacles being especially 
sluggish in the acts of ex- 
tension and _ contraction. 
Their length, when fully 
extended in the female go- 
nophore, will equal about 
half the diameter of the 
gonophore: while under ex- 
ternal irritation, they will 
slowly contract to a third of 


Fig. 12.—Female gonangium with meconidia 
of Gonothyreea (Laomedea) Loveni. 


4 sda 
7 . 


’ 
a, chitinous walls of the gonangium ; 4, blastostyle ; 
C, seater summit of blastoatyle; ¢@, young gononhor 
in the cavity of the gonangium ; ¢, more mature go 
nophore, still in the cavity of the gonangium ; /, its 
tentacles turned back on the sides of the mesotheca ; 


9 9, Meconidis ; A, ectotheca, ¢, mesotheca, and £, 
dati 


endotheca of meconidium ; J, 
become planule in the more mature meconidium ; 
a, ten of meconidium ; 9, ciliated planula just 
escaped from meconidium. 


3 %, OS 


their original length, and will then show themselves as a little stellate crown 
on the summit of the gonophore. They vary in number: I have counted in 
the female from 8 to 16 or 20. They are composed of ectoderm and endv- 
derm, the ectoderm containing thread-cells, and the endoderm presenting the 


usual septate appearance. 


They are less numerous and less developed in 
“he male than in the female. 
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The contents of the gonophore are either ova or spermatozoa, and the 
sexes are invariably found separated on distinct colonies. The ova, while 
contained within the gonophore, pass through the various stages of develop- 
ment up to that of ciliated embryos, in which state, as has been already 
shown by Lovén, they are discharged into the surrounding water through 
the orifice in the summit. 

If we follow the development of these extracapsular gonophores, we shall 
find (d, ¢), as indeed Lovén had already pointed out, that they are originally 
produced within the gonangium where they originate, exactly like ordinary 
intracapsular gonophores, as buds from the blastostyle. By the growth of 
the blastostyle the gonophores are carried upwards with it, in the order of 
their matarity,—the oldest ones, while within the gonangium, being always 
nearest the summit of the blastostyle ; but instead of discharging their con- 
tents and then withering away on their arrival at the summit of the gonan- 
gium, as in ordinary adelocodonic forms, they are here carried out through 
the summit, become truly extracapsular, and in this state undergo, with their 
contents, further development, while the growing blastostyle always keeps 
its extremity truncated on a level with the gonangium, whose orifice it con- 
tinues to close by a plug-like expansion, which at the same time affords a 
support for the gonophores after they have become extracapsular. Two or 
three of these extracapsular gonophores, in different stages of development, 
may be usually seen, borne each by a short peduncle upon the opercular 
summit of the blastostyle, with whose cavity that of their spadix freely com- 
municates through the tubular axis of the peduncle. 

While the gonophore is still contained within the gonangium, the meso- 
theca has become developed in it, and the rudimental tentacles ({) may be seen 
thrown back upon its walls in the form of a little star, while the whole is 
confined in the investing ectotheca, 

That the bodies now described belong to the class of adelocodonic rather 
than to that of phanerocodonic gonophores must, I think, be admitted. In 
all essential points, except in the presence of tentacles developed from the 
mesotheca, they agree with the gonophores of Tubularia indivisa, which 
must certainly be classed among the adelocodonic forms, notwithstanding 
their possession of a well-developed mesotheca and gastrovascular canals. In 
both the aperture of the mesotheca is reduced to a mere perforation, and in 
neither is the mesotheca ever developed as a locomotive organ. 

It must also be borne in mind, that when true phanerocodonic gonophores 
are produced in Laomedea and other Campanularide, they belong in almost 
every instance to the type in which the generative elements are not produced 
directly, as in this case, between the ectoderm and endoderm of the manu- 
briam, but are formed in special zooids developed from some part of the gas- 
trovascular system ; Laomedea tenuis, Allm.*, and, according to an observation 
of A. Agassiz +, Lafea cornuta, Lamx., affording the only known exceptions 
to this rule. 

The extracapsular gonophores of Laomedea Lovéni are thus of no little 
interest in the morphology of the Hyproma, and it will be found convenient 
to speak of them under a special name. Their resemblance to a pomegranate, 
or perhaps still more obviously to a poppy-capsule, with its sessile stellate 
stigma, will instantly strike us; and it is this comparison which has suggested 
to me the name of “ meconidium” t, by which I have elsewhere found it useful 
to designate them. 


* “Notes on the Hydroid Zoophytes,” Ann. Nat. Hist., Nov.1859. +t Agass. op.cit.p. 351. 
¢ A diminutive noun, formed from pnewy, apoppy. “ Notes on the Hydroid Zoophytes,” 
Ann. Nat. Hist., August 1859. 
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A very remarkable feature, which one is at first sight tempted to place in 
the same category with the formation of meconidia, but which is in reality 
of an entirely different significance, is presented by Halecium halecinum. In 
this hydroid there is borne upon the summit of the female gonangium, in a 
situation precisely similar to that of the meconidia of Laomedea Lovéni, a 
pair of polype-like bodies. These bodies present no appreciable difference 
by which they may be distinguished from the ordinary polypites of the 
trophosome. They are of an elongated oval form, with the mouth situated 
on the summit of a short conical proboscis, which is surrounded by a circle 
of about twenty-one filiform tentacula. They are always two in number, and 
diverge from a common point of attachment, while their wide gastric cavities, 
after contracting below, communicate here with one another and with the 
tubular cavity of the blastostyle. 

I have never been able to discover any direct relation between these gonan- 
gial polypites and the generative functions of the hydroid. The blastostyle 
gives origin in the usual way, within the cavity of the gonangium, to a 
gonophore, which, so far as I have observed, is always single. This gono- 
phore never becomes extracapsular; and the ova, after being di 
from it by the rupture of its walls, finally escape through the summit of the 
gonangium, probably after the disappearance of the gonangial polypites. 

I may here mention a very singular body, whose exact significance | 
have never been able satisfactorily to determine, and which may be seen in 
the female gonangium of Antennularia antennina, where it is of frequent 
occurrence. It is always found floating free in the cavity of the gonangiun, 
along with the ova which have escaped from the ruptured gonophores, and 
resembles an imperfectly developed medusa, with a large and apparently 
imperforate manubrium, but with its umbrella closed, and without any trace 
of gastrovascular canals. The walls of the umbrella are separated from the 
central manubrium by a considerable space, which is filled with a clear fluid. 
It may be compared to a free sporosac ; but it is much smaller than the ordi- 
nary sporosacs of the Antennularia; and I have never observed in it any trace 
of generative elements. It is probably produced, like the true gonophores, as 
a bud from the blastostyle; but I can offer no decided opinion either as to its 
origin or its ultimate destination. Its whole structure precludes the idea of 
its being an accidental parasite. 

In almost every case the gonangium, when present in the Hydroida, 1s 
destitute of any further covering. In certain species, however, belonging to 
the genus Plumularia and its allies, the gonangia are developed in groups, 
and each group is contained in a common receptacle, which confers upon the 
hydroid in which it exists a very striking and characteristic feature. This 
receptacle must be carefully distinguished from a proper gonangium, with 
which indeed it has been confounded in the various descriptive works on the 
Hyovrorwa. It will therefore be very convenient to give it a special name, 
and I have already proposed for it the term corbula*, suggested by its basket- 
like form. 

- [have carefully studied the nature of the corbule in Aglaophenia pluma 

(fig. 13) (the Plumularia cristata of most authors), where they may be plainly 
seen to be metamorphosed ramuli. The peculiar metamorphosis of a ramulos, 
which results in the formation of a corbula, consists in the suppression of the 
hydrothecee, accompanied by the development on each side of the ramulus of 
numerous oval, hollow, alternately placed leaflets; each leaflet consisting of 
a diverticulum from the coenosarc of the ramulus, invested with a continua- 
tion of the general periderm. 


* Corbula, abasket. Proc. Roy. Soc. Edin. 1858. 
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In the earliest stages of these leaflets their edges are entire (A a), but they 
soon become deeply serrated by the formation of hollow tooth-like processes 
(F c) upon the edge which is turned towards the distal extremity of the ra- 


Fig. 13.—Development of the Corbula in Plumularia (Aglaophenia) pluma. 


A, very young corbula; B, corbula more advanced ; C, corbula in a still more advanced 
stage; D, the mature corbula; E, transverse section of mature corbuls, showing two 
gonangia, each containing a single gonophore. a, leaflets of corbula ; 5, gonangia; c, ra- 
mulus supporting the leaflets; d, a hydrotheca. 

F, separate leaflet from mature corbula, a, continuation of the somatic cavity into the 
leafict, einen Palla me hci branches, 6 pettectl prime ie forming tooth-like 
processes on the distal 0 leaflet ; d, im y oped tooth-like processes on 
the proximal edge; ¢, a dividing the cavity of the leaflet. 

G, gonangium from mature corbula. a, continuation of somatic cavity into gonangium ; 
b, blastostyle, partially suppressed by the enlarging gonophore; c,gonophore; d, spadix ; 


J, ovum; g, wall of gonangium. 
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mulus. Upon the proximal edge of the leaflet these processes usually remain 
in an imperfectly developed state, though they are occasionally equally well 
developed on both edges. The processes which are thus developed on the 
edges of the leaflet are in all respects similar to the lateral nematophores of 
the trophosome (see above, p. 855). They are filled, like these, with soft 
granular protoplasm, in which is immersed a cluster of fusiform thread- 
cells, and which is in direct communication with the coenosarc filling the eavity 
of the leaflet. They are also, like these, perforated at their extremity by 
an oblique aperture; but I have never seen the nematophores of the cor- 
bule emit, like those of the trophosome, pseudopodial prolongations of their 
contents. 

The leaflets, as they increase in size, direct’ themselves vertically from the 
upper surface of the ramulus, and those of one side arch over so as to approach 
those of the opposite. They are at first free, but they afterwards become 
. intimately united at their edges, the nematophores continuing to project as 
tooth-like processes, and forming an elegant serrated ridge between every«two 
leaflets. Ultimately the leaflets of one side coalesce with those of the other 
by their summits, and thus form a completely closed chamber (D). 

As the young leaflet continues to grow, its cavity becomes partially divided 
by a septum (F ¢), which stretches across from the outer to the inner side, 
parallel to the axis of the leafict, but always nearer to the proximal edge. 
At the free end of the leaflet the septum is incomplete; so that here the 
contents of the cavity at one side of the septum communicate with those 
upon the other side, both sides communicating at the base of the leaflet with 
the common cavity of the coenosarc. 

In the receptacle thus formed the gonangia are produced. They spring 
from the upper side of the metamorphosed ramulus, near the point where 
the leaflet leaves it, and represent the hydrothecs which exist on an ordinary 
ramulus, and whose place they here take. They begin to be produced at an 
early stage of the corbula, and may be easily examined in the young corbula 
before it has become closed (Bb, C6). The metamorphosed ramulus gene- 
rally remains unchanged for a short distance from its origin, and may be 
here seen bearing one or two ordinary hydrothece. 

About twelve gonangia are usually contained in each corbula. They are 
of a very simple type (G), of a regular oviform figure, and with their chitinous 
walls thin and delicate. Each gonangium seems to contain but a single 
sporosac, which soon comes to occupy almost the whole cavity of the 
gonangium. A long, nearly cylindrical spadix extends almost from the base 
to the summit of the sporosac, passing in the male through the axis of the 
mass of spermatogenous tissue, but in the female pushed to one side by the 
development of the large single ovum, which here occupies almost the whole 
remaining portion of the cavity of the sporosac. 

There may appear some difficulty in deciding as to whether the corbula 
ought to be regarded as properly belonging to the trophosome or to the 
gonosome. The truth is, that it holds a place exactly intermediate between 
the two, and may in this respect be compared to the bracts in plants; for 
these are in the same way intermediate between the ordinary leaves and the 
proper floral verticils. As the bracts, however, are usually treated of in 
connexion with the inflorescence, whose limitation they frequently determine, 
we shall perhaps here also find it convenient to speak of the corbula in con- 
nexion with the gonosome rather than with the trophosome*. 

* In a very ingenious r, “On the Morphology of the Reproductive System in the 
‘ertularian Zoophytes,” y Prof E. Forbes Panne of Nat. Hist 1844, vol. xiv. p. 385), 
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I have thus far endeavoured to give a complete account of the morphology 

of those portions of the hydroid which are destined for the origination and 
protection of the generative elements; but, before passing to the considera- 
tion of these elements themselves, it may be well to inquire whether there 
is any general rule as to the distribution of the adelocodonic and phanero- 
codonic gonophores, and of the two forms of the latter among the several 
families of the Hyprorpa. 
- There is no established instance of the same species of hydroid producing 
both phanerocodonic and adelocodonic gonophores either simultaneously or 
consecutively. Sars is certainly in error when he includes under his Podo- 
coryne carnea two forms of hydroids, one with developed meduss, and the 
other with sporosacs*; and there can be little doubt that Van Beneden has 
made some confusion between two distinct species when he figures a portion 
of a hydroid colony, which he names Campanularta geniculata, with two kinds 
of gonangia, one containing meduse, and the other sporosacs f. 

The Tubularida present examples of both phanerocodonic and adelocodonic 
gonophores, which are borne either by the trophosome directly or by gono- 
blastidia ; but, so far as our present knowledge extends, the instances of 
adelocodonic gonophores are rather more numerous among the Tubularida 
than those of phanerocodonic gonophores. The phanerocodonic gonophores 
of the Tubularida belong, so far as we yet know, exclusively to the type 
described above under the name of gonocheme, the generative elements 
not being here proved ever to originate in special buds upon the course 
of the radiating canals. I regard it, however, as highly probable that the 
sexual lobes of Nemopsis, whose bases extend over portions both of the 
manubrium and radiating canals, will prove to be true zooids. The tro- 
phosome of Nemopsis has been shown by M‘Crady to be a free Tubularian 
polypite; and if the zooidal nature of the sexual lobes be proved, we shall 
have among the Tubwlarida an exceptional condition which may be compared 
to that presented by Zaomedea tenuis among the Campanularians t. 


the author reeognizes in the corbule of Aglaophenia pluma, and some other allied species, 
their true significance as metamorphosed branches. He mistakes, however, the nature of 
the metamorphosis, while, in accordance with the prevailing view, he sees in the receptacles 
in {vestion ies in all respects corresponding to the proper gonangia of the other 
roi 
"Forbes, moreover, extends his generalization, epplying it to the gonangia of the other 

Sertalarians, which he believes must be all as peculiarly metamorphosed branches, 
with metamorphosed and confluent hydrothece, exactly in the same way that the floral 
verticils in Ron may be referred to verticillate, metamorphosed, and variously combined 
leaves. “‘ vesicle,” he says, ‘‘is formed from a branch or pinna through an arrest of 
individual development, by a shortening of the spiral axis, and, by a transformation of the 
stomachs (individuals) into an ovigerous placenta, the dermato-skeletons (or cells) uniting 
to form a protecting capsule or germen ; which metamorphosis is exactly comparable with 
that which occurs in the reproductive organs of flowering plants, in which the floral bud 
(normally a branch clothed with spirally arranged leaves) is constituted through the con- 
traction of the axis and the whorling of the (individual) appendages borne on that aris, 
and by their transformation into the several parts of the flower (reproductive organs).” 

The theory, however, involved in the above statement, attractive though it be, is con- 
tradicted by the actual development of the parts in question. When Forbes wrote, so 
litéle was known of the structure and development of the Hrproma, that this accomplished 
and lamented naturalist may well be excused if some parts of his very suggestive paper 
have refused to stand the test of subsequent research. 

* Sars, Faun. Lit. Norv. p. 7. pl. 2. fig. 5. 

t Van Beneden, Mém. sur les Campanulaires, pl. 3. figs. 1-6. 

t Agnesiz describes (Cont. to the Nat. Hist. of the United States, vol. iv. p. 281) the me- 
dusa of his Pennaria gibbosa as presenting slight fusiform enlargements of the radiating 
canals, which he is disposed to regard (though not without doubt) as rudimental generative 
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Among the Campanularians we also meet with many examples of free 
medusa-buds, as well as of fixed sporosacs, the free meduss being, so far as 
we yet know, rather more frequent than the sporosacs. They are both borne 
as buds upon the blastostyle of a gonangium ; but the free meduse are (with 
two known exceptions, those, namely, which are afforded by Laomedea tenuis, 
mihi, and Lafea cornuta, Lamx.) always gonoblastochemes, the generative 
elements being produced in special sexual buds which arise from some pert 
of the radiating canals. 

Finally, among the Sertularians we know as yet of no instance of a free 
medusa, the generative elements being among these hydroids always produced 
in adelocodonic gonophores which, as in the Campanularians, are invariably 
borne upon the blastostyle of a gonangium *. 


Til. Sreucrure anv ForMATION oF THE GENERATIVE ELEMENTS. 


The existence of generative elements—ova and spermatozoa—has now been 
fully determined in every important group of the Hyproma. 

Ova.—The hydroid ovum (fig. 20 A), in all those cases where its structure 
has been satisfactorily seen, consists of a granular vitellus enveloping (except 
alone in the genus 7'ubularia) a distinct more or less excentric germinal vesicle, 
in which one or more germinal spots may be almost always demonstrated, and 
occasionally with one or more nucleoli in the interior of the germinal spot. 
The whole is invested by an exceedingly delicate vitellary membrane, which, 
though it sometimes escapes detection, is probably always present, at least in 
the young ovum. In the genus Tubularia alone the most careful investiga- 
tion has as yet failed in detecting any trace of germinal vesicle or spot. 

In the earliest stage in which I have in any case succeeded in observing 
the ova, that namely presented by these bodies in the young gonophore of 
Coryne pusilla, I have found nothing but minute, clear, nucleated vesicles 
immersed in @ common granular plasma. That these are to constitute the 
germinal vesicle and spot of the more mature ovum seems certain, while the 
granular plasma in which they are immersed would appear to represent the 
vitellus, though I could as yet trace no differentiation in it indicating a 
separation into distinct masses accumulated round the individual germinal 
vesicles. Ina more mature stage, however, each vesicle had its own special- 
ized vitellus surrounded by a distinct vitellary membrane. 

Spermatozoa.—The spermatozoa possess the form which so generally cha- 
racterizes those bodies throughout the animal kingdom, being here in all 
cases active caudate corpuscles (fig. 14 Dd). The caudal filament is some- 
times of such extreme tenuity as to render it very difficult of detection, 


analogy of closely allied species (see Cavolini, Mem. Polypi Marmi; M*Crady, Gymnoph- 
md leston Harbour) rondore it almost cortain that Pennaria affords no 


Dynamena F. 
of North America, asserts that this hydroid produces free medusr, of which he gives 
figures. There is probably some mistake here; the fact is mentioned only in a casaal 
way; and in the fol owing volume, in which 8 letailed sooth tie sloeety allied. American 

ies of Hydroida is given, no allusion is to it, ied, if not 
identical, Dynamena (Sertularia) pumila is minutely described. 
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while the head varies in form, being usually conical—and then with the 
filament attached to the wide-end of the cone,—but sometimes spherical, or 
cylindrical, or ‘‘ guitar-shaped”*, according to the species. 

The spermatozoa seem to be always developed in true sperm-cells which 
are themselves frequently contained as a brood in the interior of mother cells, 
as may be very well seen in Sertularia polyzonias, where the cells which give 
immediate origin to the spermatozoa form groups of from two to four enclosed 
within a common mother cell. The spermatozoon itself seems due to the 
metamorphosis of the nucleus of the sperm-cell. 

In Laomedea flexuosa I have carefully followed the progress of the sper- 
matogenous tissue from a very early period to the formation of the mature 
spermatozoon. In the very young gonophore (fig. 14 A) the spadix may be 
here seen surrounded by a nearly transparent mass, which is destined to be- 
come developed into spermatozoa, but which presents as yet no obvious struc- 
ture beyond a minutely granular condition, which under the action of acetic 
acid becomes more distinct. 

In a stage a little further advanced (B) the gonophore has increased in size, 
and the spermatogenous mass has become more voluminous and has acquired 


Fig. 14.—Development of the spermatozoa in Laomedea flexuosa. 
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A, very young male gonophore bud, with the sperma ous plasma interposed between 
the ectoderm and endoderm; B, gonophore further advanced ; C, mature gonophore ; 
D, structure of spermatic tissue at various stages. a, spermatic tissue from B; 4, the 
sane, after having been treated with acetic acid; ¢, spermatic tissue from a gonophore 
somewhat farther advanced than B ; d, mature spermatozoa from C. 


a manifest structure, being now plainly formed by a peculiar tissue which, 
when liberated from the confinement of the gonophore and spread over the 


*® The spermatozoa of Eudendrium dispar, Agassiz, and some other species are so de- 
scribed by Agassiz in Nat. Hist. of the United States, vol. iv. 
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field of the microscope, is seen to consist of a multitude of bodies of a rether 

irregularly pyriform or conical shape, and about .,),,;th of an inch in diameter 
(Da). These bodies, when set free, present for the most part an evident 
vibratory movement, which is plainly a vital phenomenon, and distinct from ; 
mere molecular motion, though as yet no filament or other source of the 
motion can be detected. When treated with acetic acid, they assume a re- 

gularly spherical form, and have then all the appearance of thick-walled cells 
with an undoubted nucleus in their interior (D 5). | 

In a more advanced stage the contents of the gonophore have stall farther | 
increased in opacity, and are now seen to be entirely composed of very minute 
spherical corpuscles (D ¢) about voogt of an inch in diameter, and presenting | 
a close resemblance to the nuclei of the cells composing the spermatogenous | 
tissue in the stage last described. They exhibit distinct but not active mo- 
tion under the microscope, though no filament can as yet be demonstrated in | 
them. 

In the next stage (C) the gonophore has attained maturity, and the sperma- 
togenous mass has become still more opake than in the preceding stage, and 
presents a peculiar striated appearance, the striw radiating from the sides of 
the spadix to the walls of the gonophore. Soon after the gonophore has at- 
tained this condition it bursts, and allows its contents to escape into the sur- 
rounding water as mature active spermatozoa (Dd). These spermatozoa have 
an ovo-conical head, with a caudal filament of extreme tenuity ; the head is 
about x7, sth ofan inch in its longer diameter, and about 5q4;yth in ite shorter. 
The tail 1s attached to the wide end. 

In attempting an interpretation of the above appearances, we must, I 
think, regard the nucleated cells which constitute the contents of the gono- 
phore in the second of the stages just described as spermatic cells which in 
the next stage have set free their nuclei; these nuclei, after liberation from 
the cells, acquiring a more elongated form, developing a filament, and becoming 
converted into true spermatozoa. 

Allusion has been just made to the peculiar striated appearance presented 
by the mature spermatic mass while yet contained within the gonophore. 
This appearance, which is very common in the mature male gonophores of 
the Hydroida, suggests to us the idea that the corpuscles composing the mass 
are confined in an exceedingly fine tubular tissue. I have, however, in vain 
sought for any indubitable evidence of tubes, and I believe that the appearance 
in question is the result of a mere arrangement of the corpuscles—a condition 
induced in the plastic mass by the pressure exerted on it by the resisting walls 
of the gonophore as the mass within increases in volume ; for the component 
corpuscles have now become changed from the spherical form of the previous 
stage to a more oval form, and their axes are compelled by the surrounding 
pressure to take a definite direction. It is a phenomenon which in this view 
would be purely physical, and which we cannot avoid comparing to that of 
slaty cleavage, though occurring in an organized and living mass. 

Origin of the Generative Elements.—Throughout the whole of the Hr- 
proma the generative elements originate between the endoderm and ecto- 
derm, and, with one exceptional condition to be presently described, are 
always formed in the walls of an organ strictly homologous with the manu- 
brium of a gymnophthalmic medusa. 

This organ forms the axile diverticulum in the young adelocodonic gono- 
phore, and the manubrium of the ‘sexual medusa while it is represented by 
the sexual zooid which buds from the radiating canals in the gonoblastocheme 
or non-sexual medusa. 
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It is notat first easy to say whether the generative elements have their 
proper origin in the ectoderm or endoderm of this body, as in most cases they 
can be merely seen filling the space between these two membranes, which 
become more and more separated from one another as the included mass of 
ova or spermatozoa increases in volume. 

From some favourable observations, however, which I have succeeded in 
making on certain species of hydroids, I have convinced myself that the true 
origin of the ova and spermatozoa is to be found in the endoderm, while the 
ectoderm serves merely as a confining and protecting sac until such time as 
the generative elements acquire sufficient maturity to allow of their liberation, 
which always takes place by simple rupture or absorption of the ectodermal 
Sac. 

Thus in the gonophores of the male colonies of Sertularia polyzonias the 

togenous tissue may be seen filling the entire space between the long 
cylindrical axile spadix and the surrounding walls of the gonophore. In 
most specimens it may be easily seen that the spermatogenous mass is far 
from being of uniform maturity throughout ; for while towards the axis of the 
gonophore it is still very immature, the mother cells being here distinctly 
visible with the ultimate spermatic cells within them, we find that towards 
the periphery it consists of free active spermatozoa. The youngest portion 
of the mass is thus that which is still in contact with the spadix or endoder- 
mal portion of the gonophore, while the oldest portion is situated externally, 
being in contact with the confining ectoderm—a condition which would be 
scarcely possible if the ectoderm, rather than the endoderm, gave origin to the 
spermatic cells. 

A state of things exactly parallel to this may be seen in the female gono- 
phores of Coryne pusilla. At an early period in the development of these 
gonophores, the large thick spadix may be seen to be surrounded by a gra- 
nular plasma, throughoutwhich numerous minute nucleated cells are scattered. 
These cells I regard as the germinal vesicles and spots of the future ova, round 
which no distinctly differentiated vitellus can as yet be detected. In a more 
mature stage of the gonophore, while the same peculiar tissue continues to 
invest the spadix, the peripheral portion of this tissue may be seen to be thrown 
off in the form of undoubted ova, consisting each of a germinal vesicle and 
spot precisely similar to those observed in the more central portion of the 
mass, but now surrounded by a very definite vitellus. When the gonophore 
has attained complete maturity, the whole of the plasmatic mass has become 
metamorphosed into fully formed ova. 

In Coryne pusilla and many other species, the ova, when escaping 
from the gonophore under the pressure of the compressorium, present a pecu- 
liar appearance. They are then seen to be each invested by a special mem- 
brane of great delicacy, which is continued backwards by a narrow neck-like 
prolongation ; so that in this state the whole ovum presents a pyriform shape. 
This membrane is probably nothing more than the vitellary membrane of the 
ovum, which, from the mode in which the pressure is applied, assumes the 
form described. 

I have spoken above of an exception to the all but universal fact that the 
generative elements originate between the ectoderm and endoderm of a body 
homologous with the manubrium of a naked-eyed medusa. The exception 
referred to consists in the origination of ova in the blastostyle, as may be 
seen in Sertularia pumila and one or two other apecies of Sertularia. 

In Sertularia pumila a solitary gonophore of the ordinary form, and con- 
taming in the usual way ova or spermatozoa, originates, as in other cases, by 

1863. 2c 
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a bud from 2 blastostyle. In the female colonies, however, nucleated spherical 
bodies, in no way distinguishable from young ova, are found in the walls of 
the blastostyle itself, between whose ectoderm and endoderm they seem to lie 
(fig. 9 &). I have not succeeded in satisfactorily tracing the destination of these 
bodies ; but I have reason to believe that the true gonophores bud forth from 
that part of the blastostyle in which the nucleated bodies occur, and that 
these, as young ova, pass from the blastostyle into the budding gonophore, 
where they would then naturally occupy their normal position between the 
endoderm and ectoderm of the manubrium, destined to undergo there a far- 
ther development before being discharged into the acrocyst, which, as we have 
already seen, exists in this species. Each gonophore, after having performed 
its duty as a receptacle, in which certain intermediate stages of development 
take place, would seem to disappear, and be succeeded by another, which in 
a similar way receives its young ova from the blastostyle on which it buds *. 


IV. Comparison oF THE SEXES IN THE HypROIDA. 


The existence of differentiated sex in the Hyprorpa was first announced by 
Ehrenbergt, who maintained that the so-called “ egg-capsules’’ in Coryne, 
Sertularia, &c., had the significance of special fertile animals to which he 
gave the name of females, while he regarded the ordinary polypites as the 
sterile individuals of the colony. 

With this announcement we may date a well-marked era in the history of 
progressive discovery among the Hyprorpa ; for it is tothe happy conception 
of Ehrenberg that we must refer the more philosophic views which within 
the last few years have so greatly advanced our knowledge of the structure, 
functions, and relations of these animals. 

The celebrated German micrologist, however, did not grasp the full mean- 
ing of the facts of which he had thus so nearly given us the exact interpre- 
tation ; for he regarded the central column (blastostyle) of the gonangium in 
Sertularia as the equivalent of the central diverticulum (spadix) in the gono- 
phore of Coryne, while he viewed the gonophores borne on the sides of the 
blastostyle in Sertularia as merely eggs equivalent to the true eggs contained 
in the gonophore of Coryne. 

The doctrine of the sexual differentiation of the Hyprorpa was confirmed 
by Lovén in a remarkable memoir originally published in the Transactions 
of the Royal Swedish Academy for 1835, and thence translated into Wieg- 
mann’s Archiv{. In this memoir Lovén gives an account of those sin 
extracapsular medusiform gonophores which are described above (p. 375) 
under the name of “ meconidia;” he found them in a species of Laomedea 
(L. Lovéni, Allm.), and recognizes in them their true sexual function. He 
also describes the occurrence of medusiform gonophores in two species of 
Coryne ; and having observed that in the gonophores of one of these species 
the cavity of the umbrella was filled with ova, he distinguishes them from 


* Bodies undoubtedly of the same nature as those here described, bat without any in- 
dication of a nucleus, are figured by Ageecis in an American species which he as 
identical with the Sertularia pumila of He, however, makes no allusion to them 
in the text of his work (op. cit. pl. 82. f.9). They are described also by Lindstrém, 


op. ctt. 
Corallenthiere, Abhandl. der Kinigl. Akad. der Wiss. zu Berlin, 1832. Erst Theil, 
8. 333. 
¢ Beitriige zur Kenntniss der Gattungen Campanelaria und Syncoryne, Wiegm. Arch. 
37. ‘Erster Band, S. 289. 
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mere organs, and regards the gonophores in both instances as special female 
animals*®. 


Naturalists had now not only become familiar with the presence of true 
ova in the Hyprorpa, but they saw in the portions of the colony set aside for 
their production something more than mere organs. No one, however, had 
as yet discovered any trace of spermatozoa ; Ehrenberg at this time makes 
no mention of a male element, while Lovén calls the nutritive polypites 
male, and in this view of their nature falls behind Ehrenberg, who more 
truly names them sterile or sexless individuals. 

The doctrine of the sexuality of the Hrprorpa now waited only for the 
discovery of the male element in order to receive its complete development. 
This discovery was made by Ehrenberg, who, in 1838, pointed out the real 
natare of certain conical tubercles which at particular seasons are developed 
on the body of the freshwater hydra, and had been by previous observers 
regarded as a peculiar disease to which this animal was supposed to be sub- 
ject, but which were now shown by Ehrenberg ¢ to be true spermatophorous 
capsules, while a further and important step in this direction was made by 
Krohn, who a few years afterwards announced that he had, in the Pennaria 

Cavolini, Ehren., found certain receptacles similar in form to the ovigerous 
ones long ago described by Cavolini in the same remarkable hydroid, but 
containing spermatozoa instead of ova. Similar observations were made on 
Tubularia indivisa and on Eudendrium racemosum, as well as on Ag 
pluma (Plumularia cristata) and the Sertularia misenensis of Cavolini, in all 
of which Krohn succeeded in detecting spermatozoa t. 

It is now certain that every species of hydroid gives origin to male sii 
female sooids (or, in case of such meduse as may be directly developed from 
the egg, to male and female sexually generated individuals), one destined for 
the production of ova, the other for that of spermatozoa. The separation of 
the sexes in distinct generative zooids, or in distinct individuals of a sexually 
generated offspring, is thus absolute and universal among the Hyproma. In 
by far the greater number of cases the separation is carried even further 
than this ; for we scarcely ever meet with male and female gonophores in the 
same colony. As an almost universal rule, then, the Hyprora are diccious ; 
in other words, every colony is unisexual§,. 

Some few cases of a monccious condition, however, occur. This has been 
noticed by many observers in the freshwater Hydre ||, where indeed it is the 
most usual condition. I have found it also in Plumularia pinnata, which 
sometimes carries on the same stem both male and female gonophores. In 

conferta too there may generally be found, among the dense forest 
of stems with which the hydroid invests the surface of univalve shells, some 
stems carrying male and others female gonophores. Each stem, however, 
carries gonophores of one sex only, though it would seem that both male and 


* It may here be noticed that Wagner had already (Isis, 1833, , § 258, tab. xi.) found me- 


dusa-like gonophores, filled with ova, in a hydroid which he names Coryne aculeata ; but, 
not aware of the doctrine of Ehrenberg only just announced, the exact significance 
of these escaped him. 


: Mittheil. aus Verhandl. der, Gosellsch. naturf. Freunde i in Berlin, » 1858. hei 
Krohn, Einige Bemerkungen un tungen a Geschlechtverhiltnisse 
den Sertularinen, Miller’s Archiv, Jabrg. 1843, 8. 174. 

§ Krohn had already noticed that, in all the species examined by him, the male and 
female gonophores were borne on separate colonies (Joc. cit. p. 181). 

|| See especially Prof. Allen Thomson ‘On the co-existence of ovigerous capsules and 
spermatozoa in the same individuals of Hydra viridis,” in Proc. Roy. Soc. Edin., No. 30, 
1846-47. 202 
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female stems are united by the creeping stolon into a common colony. In 
Hydractinia, on the other hand, whose habit is entirely similar to that of 
Dworyne, we never meet with the two sexes in a common colony; perhaps 
even never investing the same shell. 

As a general rule, there is no perceptible difference between the male and 
female colonies of the same species, either in the trophosome or the gonosome, 
beyond what is, of course, presented by the generative elements themselves. 
In some cases, however, the difference is sufficiently well marked. Thus in 
Sertularia tamarisca the male and female gonangia differ strikingly from one 
another; for the male gonangia are compressed, somewhat obcordate 
tacles with a short terminal tubular aperture; while the female are oval for 
about the proximal half of their height, and then become tribedral with the 
sides diverging upwards, the whole being terminated by a three-sided pyramid 
whose edges are cut into two or three short teeth, and the basal angles pro- 
- longed into a short spine*. 

So also in Sertularia rosacea a well-marked difference may be seen. The 
male gonangia are here of a conical form, curved near the apex, which is 
their point of attachment, and provided with six longitudinal ridges in the 
form of thin projecting lamellse, each of which terminates at the distal 
extremity in a free pointed process which arches over the summit of the 
gonangium. In the female gonangium the longitudinal ridges are eight in 
number, while two opposite ones being greatly more developed than the others 
give to the gonangium the very elegant and striking form which caused Ellis 
to compare it to a “lily or pomegranate-flower just opening.” The female 
gonangium of both Sertularia rosacea and S. tamarisca differs still further 
from the male by the remarkable marsupial chamber which I have already 
described as developed within it. 

It will also be borne in mind that, in those species which develope an 
acrocyst on the summit of the gonangium, this body is formed only in the 
female; while it is on the female gonangium alone of Halectum halecenum 
that the little geminate polypite already described is produced; and to 
these cases we may also add the difference presented by the male and female 
meconidia in Laomedea Lovént. 

Among the gymnogonial Hydroida also, certain differences may be ocea- 
sionally observed between the male and female. Thus in certain Tubularia, 
the tentaculoid tubercles which crown the gonophore are more fully deve- 
loped in the female than in the male; but the most striking difference is 
found in the genus Hudendriwm, whose male gonophores are situated in a 
verticil on the body of the polypite, and present the remarkable polythalamic 
condition already described, while the female gonophores originate irregularly 
for some distance backwards on the branch, and are always monothalamic. 
This difference between the male and female gonophores in Hudendriwn 
struck Cavolini long before the presence of a male element in the Hyprorpa 
was suspected, and led him to suppose that Eudendrium reproduced itself by 
two different kinds of eggs. In accordance with this view, he called the 
female gonophores in his Sertularia (Hudendrium) racemosa, “ nova a racemo,” 
and the male gonophores ‘“‘ uova a corimbo’”’ ft. 

The differences above described between the male and female are all con- 
fined to the gonosome ; the trophosome, however, does not appear to be always 
exempt from a participation in sexual difference, for in Hydractinia polyclina, 


* It is apparently the male gonangia which Ellis hae figured in his description of this 
ipecies. 
t Cavolini, Mem. Polypi Marini, 1785. 
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Agass., the sterile polypites of the male colony are described as differing from 
those of the female colony by their more elongated proboscis *. ; 
e 
V. DgvELorMent. 


Reproduction in the Hyprorpa is sexual and non-sexual, the former taking 
place by means of ova and spermatozoa, the latter by buds and occasionally 
by spontaneous division. 


A. Non-sexual Reproduction. 
a. Gemmatwn. 


Reproduction by gemmation is the phenomenon which, of all others, most 
vividly impresses us in our study of the Hyproma, and is that which confers 
upon this remarkable group of organisms their peculiar and characteristio 
physiognomy. It struck with all its force the earlier observers, and united 
with the flower-like form of the polypite in suggesting the term “ zoophyte” 
by which the wonderful budding and blossoming plant-like animals which 
adorn our rocks at low water, and are dredged up at various depths from the 
bottom of the sea, have long been known to the naturalist. 

Gemmation in the Hyproma has for its object, 1, the extension of the tro- 
phosome; 2, the formation and extension of the gonosome. 

The primordial trophosome is quite simple ; but it soon begins to complicate 
itself by budding, and this complication is frequently carried to a great ex- 
tent, the primary buds giving rise to secondary buds, and these again to ter- 
tiary, while buds of a fourth, fifth, or even higher order may continue to be 
produced in succession ; and as every bud may develope itself into a branch, 
the result will be the production of those complicated dendritic groups which 
attain to such perfection in numerous species among the T'ubularian, Cam- 
panularian, and Sertularian hydroids. | 

The complex trophosome which thus results from successive buddings may 
present symmetrical or asymmetrical forms. Symmetrical forms are, as a 
general rule, presented throughout the Sertularians; the polypites, with their 
hydrothece, being in these hydroids developed upon points which are symme- 
trically disposed in relation to a common axis or a common plane; while the 
ramification of the trophosome is here also usually symmetrical—distichous 
in most species, verticillate in others. The Campanularians, on the other 
hand, and especially the Tubularians, present in most cases an asymmetrical 
disposition of their polypites, and, as a necessary consequence, an asymmetri- 
cal ramification. The genus Pennaria among the Tubularida affords a re- 
markable exception in this respect, its gemmation being so singularly sym- 
metrical as to give to the entire trophosome a close resemblance to that of a 
Plumularia—so close, indeed, as to have led the earlier systematists to place 
it in this genus. 

Under the general head of Gemmation, we may here consider the develop- 
ment of the polypite, the development of the gonoblastidium, and the develop- 
ment of the gonophore. 


1. Development of the Polypite. 
It is exceedingly rare to find the trophosome retaining through life the 
simple condition which it presents during its primordial state. Cases, 
however, of permanently simple trophosomes occur. We meet with them, 


* Agassiz, Nat. Hist. United States, vol. iv. p. 228. 
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for example, in Corymorpha and certain allied forms, and apparently also in 
the curious free trophosome of Nemopsis, as described by M*Crady, and of 
Acaulis, as described by Stimpeon*. e 

Polypite-bud in the Tubularida.— When 4 polypite-bud is about to become 
developed from any part of the coenosarc in the Tubularida, the two layers of 
the coenosarc are seen at this spot to be pushed outwards as if by an incipient 
hernia, and the little hollow tubercle thus produced forces before it the in- 
vesting periderm, which is first extended over the advancing bud, and is at 
last absorbed or ruptured. 

The little bud, however, has been in the mean time clothing itself with a 
new periderm, which, now that it has escaped from the confinement of the old 
one, is seen to cover it with a very delicate, transparent, structureless pel- 
licle. The bud continues to increase in size, becoming longer and thicker, 
with its endoderm and ectoderm very distinct, and with its cavity opening 
freely into that of the branch from which it springs, and admitting into its 
interior the fluid with the floating granules, which fill the general cavity of 
the cconosarc, and which are kept in a state of active rotation within the bud. 
It continues to enlarge, but has its distal extremity still closed, while the 
entire bud is still invested by its delicate periderm. 

We next find that the little bud has acquired a somewhat clavate form by 
the énlargement of its distal extremity. While the periderm which clothes 
the growing bud continues, by means of new layers deposited upon its inner 
surface, to increase in thickness over the whole bud, except at its extremity, 
these new layers cease, in almost every case, at avery early period to be 
excreted from the free extremity of the bud, and the periderm here accord- 
ingly remains in the condition of a transparent structureless pellicle, of ex- 
treme tenuity, in which state it may often be found in the fully developed 
polypite, though it is also frequently impossible to demonstrate its presence 
after the polypite has attained its complete form. 

Whether this delicate continuation of the periderm remains through the 
life of the polypite or entirely disappears at an early period, we now find 
tentacles begin to grow out from the enlarged extremity of the bud, and a 
terminal mouth to become developed; the form is thus gradually assumed 
which is to characterize the adult polypite. 

In some cases, however (Coryne vaginata, Hincks, and Budendrium vagi- 
natum, Allm.), the periderm which clothes the free extremity of the growing 
branch attains considerable thickness, and does not disappear until a later 
period ; but it ceases in such cases to be in close contact with the ectoderm, 
and the polypite continues to become developed within an outer chitinous 
capsule ; and this development proceeds to the formation of tentacles und the 
assumption, more or less, of the adult form by the polypite-bud, before the 
' rupture of the enclosing capsule places the young: polypite in direct relation 
with the surrounding water f. 

The development of the polypite-bud in Hydra seems to be, in all essential 
points, the same as in the Tubularida, the most important differences being 
those which depend on the absence of a periderm in Hydra. The ultimate 
destination of the bud, however, is very different in the two cases; for while 

* It seems to me, however, still a question whether the free hydroids described by the 
American obecrvers as Nemopsis and Acaulis be not the detached polypites of a fixed 
Tubularidan which may possess the habit of throwing off its polypite-heads, as we know 
to be the case in certain Buropean species of Tubularia. (See below, p. 891.) 

+ A very unusual condition is presented by Bimeria nutans, Wright, in which the 
periderm is continued as a thick closely investing tunic over the whole of the polypite, 
‘xcept the tips of the tentacles and a small space just behind the mouth. 
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it remains fixed as a permanent part of the hydrosoma in the Tubularida, it 
is in Hydra destined to become detached and enjoy henceforth an independent 
existence. 

Decapitation and Re-formation of successive Polymite-heads. Polarity of the 
Hfydroid.—Our account of the development of the polypite-bud in the Tubu- 
Zarida would be incomplete without some reference to a very remarkable 
phenomenon presented by certain species of Tubularia, namely, the periodical 
shedding and renewal of the polypite-heads. This phenomenon was several 
years ago observed by Dalyell*, and described with all his usual accuracy by 
this excellent observer. I cannot find, however, that any author has followed 
the process with that exactness which is necessary to enable us to form a 
correct idea of its nature. My own observations have been principally made 
on Tubularia indivisa, where I have bestowed upon the process in question a 
very carefy] examination. 

When the polypite of this species, with its clusters of gonophores, has 
acquired full maturity, the time is come when it is to be cast off and its place 
taken by a successor. A breach of continuity now occurs in the endoderm of 
the stem at a short distance behind the polypite; while the ectoderm having 
already become detached from the endoderm in the space between this breach 
and the base of the polypite, the endoderm of the upper end of the stem slips 
out of the ectoderm, carrying the polypite with it, and leaving behind it the 
empty ectoderm as a thin, collapsed, membranous sheath, surrounded by the 
periderm, which here exists as a very delicate loose pellicle. 

The polypite thus detached falls to the ground, where it retains for some 
time its vitality, the gonophores which still hang from it discharging such of 
their contents as had not escaped before the decapitation. 

In the mean time the wound which had been formed in the coenosare by 
the detachment of the polypite heals over, and the truncated end of the 
ccenosare becomes closed. 

Two slight constrictions, one a little behind the other, are next seen to 
take place in the ccenosarc at a short distance from the decapitated extremity, 
while the peculiar tubular lacune which exist in the coenosare of T'ubularia, 
and which had hitherto extended as separate canals through the whole cceno- 
sarc of the stem, now coalesce in front of the anterior constriction, where 
they form a single cavity by the breaking down of the partitions of endoderm 
which had up to this time separated them from one another. 

A girdle of minute tubercles may next be seen budding forth from the 
coenosarc, at the site of the posterior constriction. These soon become extended 
into tentacles, which embrace the anterior part of the coenosarc, round which 
they appear twisted in a very elongated spiral. 

In the next stage a similar zone of tubercles, becoming, like the others, 
elongated into tentacles, shows itself close behind the anterior constriction ; 
and there are thus established the two sets of tentacles, the posterior and 
anterior ones of the new polypite. 

By the elongation of the coenosarc from behind, the new polypite is gra- 
dually lifted up out of the tube of the periderm, when the tentacles, having 
room to expand, immediately fall into their normal position, while the rudi- 
mental clusters of gonophores may be seen as minute lobulated elevations 
between the anterior and posterior series of tentacles, and the free extremity 
of the polypite has by this time become perforated by a mouth. 

The polypite now increases in size, raised higher and higher on the elon- 
gating coonosarc, which clothes itself with a periderm as it lengthens, and the 

* Rare and Remarkable Animals, 1847, vol. i. p. 4. 
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polypite with its clusters of gonophores, having finally attained complete 
maturity, is then in its turn cast off, to be succeeded in an entirely similar 
way by a new one. 

The formation of successive polypites is always accompanied by a periodical 
elongation of the stem, and this is indicated by annular markings of the 
periderm separated by rather wide intervals, each interval corresponding to a 
single decapitation and renewal. 

From the above description it will be seen that the formation of successive 
polypites is not so much a process of ordinary budding, as a true metamor- 
phosis of the decapitated extremity of the coenosarc. 

In connexion with the phenomena now described, those which accompany 
the artificial section of the stem may here be mentioned. When the stem is 
cut across, the cosnosarc of the upper segment soon heals over at the place of 
section, the tubular lacuns become again closed, and the cosnosarc now begins 
to grow downwards through the cut extremity of the periderm, presenting 
the same-lacunar structure as in the older portions, and excreting upon its 
surface a very delicate periderm. The well-known cyclotic currents may 
generally be seen with great distinctness in the fluid which fills the tubular 
lacune of the young elongated coonosarc. 

The lower segment, on the other hand, instead of pushing forth from the 
cut extremity a simple continuation of the cosnosarc, developes from this ex- 
tremity a polypite*. There is thus manifested tn the formative force of the 
Tubularia-stem a well-marked polarity, which is rendered very apparent if a 
segment be cut out from the centre of the stem. In this case, no matter in 
what position the segment may lie, that end of it which was directed down- 
wards or proximally while it formed a part of the unmutilated hydroid will 
never develope a polypite, but will extend itself as a simple cylindrical pro- 
longation of the coenosarc ; while the upper or distal end, instead of becoming 
simply elongated, will shape itself into a true polypite; and all this though of 
course not the least difference in structure or form can be detected between 
the two extremities at the time of section. 

It is further manifest from these facts that when the hydroid is placed under 
conditions which allow of perfect freedom of growth, there is no such thing 
as a stationary extremity, both ends being really growing ends, while there 
exists in every segment a neutral plane midway between the two ends. 

Polypite-bud in the Campanularida and Sertularida.—In the development 
of the bud, the Campanularian and Sertularian hydroids differ in some im- 
portant features from those which characterize the process just described. It 
may be easily watched in many species, as, for example, in Laomedea flexuosa. 
We may here see it proceed, in the first place, to the formation of a hollow 
cylindrical branch, whose cavity is in free communication with that of the 
cosnosarc, and whose distal extremity ends in a cul-de-sac invested, like 
the rest of the young branch, by the chitinous periderm. Up to this point 
the phenomena are precisely similar to what we have just seen in the Tbu- 
larida; but now the distal extremity of the branch begins to enlarge, and at 
the same time continues to coat itself with a chitinous periderm in the form 
of a capsule, which acquires increased thickness by successive deposits of 
new matter to its inner surface, thus contrasting with the thin pellicle which 
forms the temporary capsule in certain Tubularida. 

The extremity of the branch now presents the shape of an inverted cone, 


® The observations of Dalyell, who has made numerous experiments on the section of 
the stem in Tubularia indiviea, are here quite in accordance with my own. (See Dalyell, 
Bare and Remarkable Animals,’ vol. i. p. 28.) 
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plainly recognizable as the body of the budding polypite, invested with a 
strong chitinous covering, which is closely applied over its whole surface, and 
is continuous below with the periderm covering the rest of the branch. The 
interior of the young polypite is hollowed out into a wide cavity lined by a 
layer of loose cells—the most internal cells of the endoderm—which are filled 
with a granular pigment. 

The conical enlargement at the extremity of the branch continues to in- 
crease in size, and we soon see the soft parts within become contracted to- 
wards the proximal end of the cone, where they withdraw themselves from 
contact with the walls of the chitinous capsule, which had up to this time 
closely embraced them. At the wide or distal end of the cone they still re- 
main adherent to the capsule for some distance downwards, while at the 
proximal end itself there is also a distinct but narrow zone of contact and 
adhesion maintained between the internal soft parts and the external chiti- 
nous capsule. In the cavity which occupies the interior of the soft, contents 
of the capsule very distinct rotating currents may be now seen, excited 
doubtless by the action of vibratile cilia, though a direct view of these cilia 
cannot be obtained through the thickness of the walls. 

Between the proximal and distal zones of contact, the internal structures 
become more and more withdrawn from the walls of the capsule, while the 
whole body continues to elongate ; and this may now be seen in the form of a 
cylindrical column occupying the axis of a conical cup of chitine, and ex- 
panded below into a narrow ring, which at this point connects it with the 
walls of the cup, while, above, it expands into a broad disc which fills up 
the distal extremity of the cup, like a lid or plug. The axis of the column 
is permeated by a tubular cavity in continuation below with the cavity of the 
branch, and expanding above into a wide chamber which occupies the interior 
of the plug-like enlargement of its distal end. It is now plain that, while 
the soft contents of the cup are the developing polypite, the cup itself is to 
become the hydrotheca. 

The excreting of the chitine and the shaping of the hydrotheca would 
seem to devolve on the terminal plug-like disc alone, from the time that the 
lower parts of the nascent polypite had withdrawn themselves from contact 
with the walls of the external capsule; and as the polypite continues to_ 
elongate itself, the surrounding cup is extended at the same rate, by addition 
to its wider end from the sides of the disc, while the lower parts of the cup 
undergo little or no change. . 

The upper surface of the disc has been all along covered with a thin layer 
of chitine, whose periphery is continuous with the chitinous walls of the cup, 
but which does not interfere with the growth of the young polypite ; for as 
the latter continues to extend itself, the layer of chitine on the upper surface 
of the disc is carried onwards before it, without becoming thereby detached 
from the side of the cup—s fact which we can scarcely explain otherwise 
than by supposing considerable extensibility in the recently deposited chitine 
of the cup. At last the hydrotheca has attained its complete size and shape, 
and now the young polypite becomes more or lees retracted within it, the 
terminal plug-like disc withdrawing itself from the layer of chitine which it 
had excreted on its upper surface, and which is now left behind as a roof 
closing over the mouth of the cup. 

The whole circumference of the retracted disc now begins to develope a 
circle of minute tubercles, which gradually elongate themselves into short 
thick tentacles, while the central part becomes elevated into a blunt conical 
proboscis (metastome), and the cylindrical tubular column which occupies the 
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axis of the hydrotheca has become dilated into a more oval-shaped body, 
with a wide internal cavity—the stomach of the developing polypite. 

The young polypite, still included within a completely cloeed cup, presents 
greater and greater contractility, now withdrawing itself towards the bottom, 
and now extending itself through the entire height of the surrounding cup. 
The tentacles in the mean time have become longer, the extremity of the ter- 
minal cone has become perforated by a mouth, and at last the polypite pushes 
off the chitinous roof of its hydrotheca and emerges into free contact with 
the surrounding water. 


2. Development of the Gonoblastidium in the angugonial Hydroida. 


Laomedea flexuosa will afford here too a very convenient subject for tracing 
the process of development. The gonoblastidia of this hydroid arise close 
to the axille of the branches, and present the form of a long cylindrical 
column (blastostyle), expanded at ita summit into a disc, occupying the axis 
of an urn-shaped gonangium, and carrying along its whole length adeloco- 
donic gonophores, which increase in maturity as they approach the summit of 
the column. The whole is elevated on a short annulated peduncle. 

The gonoblastidium here originates in a bud precisely in the same way as 
a polypite; and up to the stage to which we have already followed the deve- 
lopment of the polypite and hydrotheca, when these parts present the condi- 
tion of a conical enlargement of the extremity of the branch, there cannot be 
found any difference between the polypite-bud and the gonoblastidium-bud. 
It would seem, however, that at this stage the soft parts, instead of absolutely 
withdrawing themselves from contact with the external chitinous capsule, 
present in their ectodermal layer a number of lacunez, which, increasing in 
size, become confluent with each other, and the ectoderm thus becomes sphit 
into two layers by a true chorization; the external layer remains in con- 
tact with the chitinous capsule, while the internal layer, remaining adherent 
to the endoderm, becomes more and more withdrawn towards the axis of the 
bud, where it now constitutes the external or ectodermal layer of an axile 
column or blastostyle. The capsule thus becomes lined with a thin layer of 
ectoderm, which is continuous with the ectoderm of the blastostyle only at 
its distal and proximal extremities, these two membranes being in the whole 
of the intermediate region separated from one another by a wide interval. 
This interval, which constitutes the cavity of the developing gonangium, is 
thus nothing more than a large lacuna; and it is into this lacuna that the 
gonophores now begin to bud forth from the axile column. The excreting 
and modelling of the chitinous gonangium would seem to devolve for some 
time still on the ectodermal lining, instead of being, as in the polypite-bud, 
transferred at a very early period exclusively to the disc-like summit of the 
axis. After a time, however, the lining membrane entirely disappears, and 
henceforth the excreting and modelling of the gonangium seems to devolve on 
the terminal disc of the blastostyle. While the gonangium is yet young, 
numerous irregular fleshy bands may be seen stretching across the cavity 
from the blastostyle to the external wall. These bands are the remains of the 
original union between the two layers into which the ectoderm has split. 
They are generally torn, and disappear as the gonangium, increasing in size, 
has its walls more and more widely separated from the blastostyle; but they 
are also occasionally more or less visible in the full-grown gonangium. 

A comparison between the developing polypite and its hydrotheca, on the 

2 hand, and the developing blastostyle and its gonangium, on the other, 
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affords a most instructive parallelism, showing the close connexion between 
the polypite and the blastostyle. If in the polypite-bud the development 
were arrested at the point to which it arrives just before the terminal disc 
has withdrawn itself from the roof of the young hydrotheca, in order to 
develope its tentacles, we should have in almost every particular a gonangium 
with its blastostyle. The development of a mouth and tentacles, however, 
points towards a different destination ; and now, instead of producing sexual 
zooids, it applies itself solely to the nutrition of the colony. 
The gonangium does not always present the simple form which we find in 
, and we have already seen the remarkable modification 
which it undergoes in the female colonies of Sertularia rosacea and S. tama- 
risea, by the formation of a marsupial chamber for the protection of an extra- 
capsular sac, in which the ova are retained during the earlier periods of their 
development, 


3. Development of the Gonophore. 


The Adelocodonic Gonophore.—The development of the adelocodonic gono- 
phore, in its simplest form, may be easily studied in Hydractinia echinata. In 
this hydroid the gonophores are borne on a gonoblastidium (fig. 2 53,c), 
which here, just as in the blastostyle of the Sertularida and Campanularida, 
is morphologically nothing more nor less than an arrested nutritive polypite, 
but in Hydractinia never developing a gonangium. 

In their earlier stages the gonophores may be seen as minute hollow tuber- 
eles, projecting from the sides of the gonoblastidium. They are composed of 
two layers, endoderm and ectoderm, directly continuous with the correspond- 
ing layers of the gonoblastidium, with whose cavity that of the young bud is 
in free communication. At first we can detect no change beyond a simple 
increase in size; but we soon find the ectoderm separated from the endoderm 
by the interposition of a minutely granular mass between them. This mass 
constitutes the basis of the generative elements, and is afterwards to become 
ova or spermatozoa. In the mean time the ectoderm has itself become dif- 
ferentiated into two layers; and we have thus laid down the foundation of 
all the parts which we meet with in the full-grown gonophore. The wall of 
endoderm which surrounds the central cavity of the developing gonophore, 
and is itself immediately surrounded by the generative elements, is the spadix ; 
the more internal of the two layers into which the ectoderm has divided is 
the endotheca, the more external the ectotheca. 

The gonophore now becomes more and more distended by the increasing 
volume of the generative mass, while the spadix at the same time continues 
to grow, and now constitutes a club-shaped hollow organ extending through 
the axis of the mass, while floating particles from the cavity of the gonoblas- 
tidium are freely admitted into its interior, where they may be seen perform- 
ing active rotatory movements. 

The sex of the gonophore becomes evident at an early period, by the ap- 

ce of ova with their germinative vesicle and spot in the generative 
plasma of the female, while in the male the interval between spadix and 
endotheca continues still to be occupied by a uniform grumous plasma, in 
which, at a somewhat later period, spherical cells and ultimately free-moving 
spermatozoa may be detected. 

The gonophore of Hydractinia echinata does not pass to any higher grade 
of development than that here described ; but in some other forms of adelo- 
codonic gonophore a further differentiation takes place by the development of 
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an additional membranous sac or mesotheca, with gastrovascular canals, be- 
tween the endotheca and ectotheca (Tubularta indivisa) (fig.6 C). Lhave 
never succeeded in following the development of the mesotheca, and cannot 
say under what condition it begins, or how it proceeds, the membrane appear- 
ing always fully formed from the moment it is recognizable. It is, however, 
by no means improbable that it grows up as a cup from below, beginni 
along the line where the endotheca and ectotheca are continuous with one 
another, 

It will be seen that in the above account I differ in some important points 
from the interpretation given by Agassiz to the appearances which present 
themselves in the development of the adelocodonic gonophore. In his account 
of this process in Clava leptostyla, Agass., Agassiz® regards the walls of the 
gonophore as simple, and as homologous with the umbrella of a medusa. In 
Clava multwornis, however, the existence of two membranes may with care 
be demonstrated in these walls, though I admit that I have frequently failed 
in detecting more than a single one. In no case, however, can the walls of 
the gonophore in Clava be regarded as the homologue of an umbrella. When 
two membranes can be demonstrated in them, these will be an endotheca and 
ectotheca; if only a single membrane be present, as Agassiz believes to be 
the case in his Clava leptostyla, this will be an endotheca, while the part 
which would really represent an umbrella, namely a mesotheca, is not deve- 
lopedt. 

Pein, in the gonophores of Hydractinia polyclina, Agass., Parypha crocea, 
Agass., and Thamnoonidia spectabilis, Agass., Agassiz correctly figures the two 
membranes which enter into their walls; but he assuredly assigns an in- 
correct origin to the more internal of these membranes when he describes it 
as rising, subsequently to the formation of the generative mass, from the 
proximal end of the gonophore in the manner of a cup closely pressed against 
the outer wall, and, at least in Hydractinia and Thamnocnidia, ultimately 
closing over the contained structures so as to form a continuous internal wall. 

Now the internal wall in the gonophore of Hydractinia is undoubtedly 
formed, not after, but simultaneously with the appearance of the generative 
mass, and is nothing more than the internal of the two layers into which 
the ectoderm of the primary bud has become divided simultaneously with its 
separation from the endoderm by the interposition of the generative elements ; 
it is thus the endotheca of the sporosac, while the more external layer is the 
ectotheca. 

Having had no opportunity of examining the development of the gono- 
phore in Parypha or Thamnoenidia, I am unable to bring any direct obser- 
vations into opposition with the views of Agassiz as to the gonophores of 
these genera; but the analogy of Hydractinia and of other hydroids, whose 
adult gonophores correspond in all essential points with those of the American 
forms, leads me to believe that the process is in all the same asin Hydractinia. 

It is only in those cases where a mesotheca becomes developed, as in Tubu- 
laria indivisa, that the adelocodonic gonophore presents any true representa- 
tive of the umbrella of a medusa, the mesotheca being properly the homo- 

* Op. cit. vol. iv. p. 221. 

+ In my earlier researches into the anatomy of the reproductive system in the Hydroids 
(“On the Anatomy and Physiology of Cordylophora,” Phil. Trans. 1858), I entertained 
the view here maintained by Agassiz, as to the homology of the parts in question. Sub- 
sequent more extended observations, however, have induced me to modify in some respects 
the views then expressed, and to adopt those which are advocated in the present 

See my paper “ bn the Reproductive Organs of Sertularia tamarisca,” in the Report of 
the British Association for the Advancement of Science, 1858.) 
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logue of this part. Agassiz, in his account of Tubularta Couthouyi, Agass., 
ignores the existence of any membrane between the well-developed mesotheca 
of this species and the generative mass which surrounds the spadix. In 
Tubularia indivisa, however, this membrane cannot be overlooked, especially 
in the male, though in the female it would seem to disappear at an early 
period, and may thus escape detection. 

The Phanerocodontc Gonophore.—The phanerocodonic gonophore shows 
itself, at first, in every case as a minute hernia (fig. 15 A), consisting of endo- 
derm and ectoderm, and having its cavity in free communication with that of. 
the gonoblastidium or of the trophosome from which it springs, thus in no 
respect differing at this period from the corresponding stage in the develop- 
ment of the adelocodonic gonophore, or indeed in that of a polypite branch. 

It is very difficult to follow satisfactorily the several steps by which this 
primordial tubercle becomes ultimately converted into a medusa. I have 
bestowed great attention on it in different species of Hrproma, and have 
more recently subjected the development of the medusa-bud in Corymorpha 
nutans to a very laborious examination, which has led me to adopt the pro- 
cess now about to be described, as the true interpretation of the phenomena 

ted in this hydroid. 

We first find that four equidistant processes (fig. 15 Bc), consisting of endo- 
derm and ectoderm, with an included cavity, which is a continuation of that of 
the hernia-like tubercle just mentioned, have begun to grow upwards from a 


Fig. 15.—Development of medusa in Corymorpha nutans. 
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A, very early stage of medusa-bud when it presents the form of a simple hernia-like 
tubercle whose cavity is in communication with the somatic cavity of the hydroid; B, 
more advanced stage; C, stage still further advanced; D, transverse section of C; E, a 
stage still more advanced than C; F, transverse section of E. 

a, ectoderm ; 5, endoderm ; a’, more external of the two layers into which the ectoderm 
of the bud has eplit; a’, the more internal of these two layers ; c, radiating gastrovascular 
canals ; d, manubriumn. ; 
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never included in a closed cavity, but is from the first directly exposed to 
the surrounding medium. In accordance with these views, M°Crady divides 
-the gymnophthalmatous meduse into the “endostomata” and the “ excsto- 
mata.” 

While I think it highly probable that differences will be found in the de- 
tails of the development of the medusa-buds belonging to different species of 
the Hyprorpa, my own observations have not yet led me to adopt the above 
generalization of M°Crady. 

Formation of Buds by the Phanerocodonte Gonophore.—The phenomenon 
of budding does not necessarily find its extreme term in the formation of the 
gonophore, Many free-swimming meduse, some of which are known to have 
originated in hydroid trophosomes, complicate themselves by gemmatioa, 
which manifests itself in the production of other medusa-buds upon various parts 
of their bodies. Among the examples of this phenomenon we may cite those 
which are seen in certain meduse of the type described by authors under the 
name of Sarsia, all of which probably originate in Coryne-like trophosomes. 
In these medussx, buds, which develope themselves into forms resembling that 
of the medusa which gives rise to them, spring from the manubrium or from 
the bulbous base of the tentacles. A fine example of the same phenomenon 
is afforded by the medusa of the tubularian hydroid, Hybocodon prolifer, Ages. 
In this beautiful animal, Agassiz® describes the base of the solitary tentacle 
which is continued from the distal extremity of one of the radiating canals of 
the medusa as itself producing a cluster of medusa-buds, which in ume 
assume the form of the primary medusa, and may themselves repeat the same 
process, through the production of successive broods of similar buds, before 
they become detached as free natatory medusm. Steenstrup has observed 
buds which he regarded as sexually developed from the base of the tentacles 
in a medusa which he refers to his Coryne fritillaria, while Greene has de- 
scribed the production of buds, not only from the bulbous base of the tentacles, 
but along the course of the tentacles themselves, in his genus Diplonems. 

In the medusee belonging to the family of the Aiginidee—a group, however, 
of which we have as yet no positive proof of any of its members being derived 
from a polypoid trophosome, though neither is there any proof of the contrary 
—it is probable that multiplication by buds formed upon the inner surface 
of the stomach is a constant and normal phenomenon. It would furtet 
appear that these buds detach themselves while still in a very immature state, 
and that, after becoming free, they undergo a metamorphosis before arrivilg 
at their adult form. From the remarkable observations of Kolliker and of 
Fritz Miiller, referred to below (pp. 419, 420), it would seem indeed that there 
is here in some cases a heteromorphism, a difference of form being obser¥ 
among successive broods of buds; but observations are still needed before ¥° 
can arrive at any conclusion as to the ultimate destiny of these buds. _ 

Among the successive broods of medusw thus produced, whether by primary 
budding from the trophosome, or gonoblastidium, or by secondary budding 
from the primary one, there is, if we except certain instances just referred | 
among the Aiginida, no heteromorphism ; and every medusa in the sere " 
not only similar to every other, but is probably capable of direct gexual ws 
turity. In certain other cases, however, it is different. This we have alread 
seen in the medusiform zooids, to which we have above given the nsme™. 
‘‘ gonoblastocheme.” In the medusa, for example, of Campanularia Johnston 
(fig. 17)—a« medusa referable to the deep-belled section of the forms groupe 
together by Gegenbaur under the name of Hucope,—and in those of Laom 

* Op. cit. vol. iv. p. 245. pl. 24. 
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dichotoma and L. geniculata—meduse referable to the type of Obelia, Pér.— 
sexual elements are never directly developed. For this purpose there is needed 
a new sooid (fig. 17g and fig. 18) which no longer presents the developed me- 


Fig. 17.—Medusa of Cam- _ Fig. 18.—Reproductive sac (sporosac) budding 
panularia —— Johnstoni from the radiating canals of the gonoblasto- 
shortly after liberation cheme of Ohelia ( Laomedea) geniculata, ————_ 
from the gonangium, a : 
illustrating the pecu- 
harities of the gono- 
blastocheme. 


a, portion of umbrella and, 4, radiating canal of the 
medusa ;_¢, spadix of sporosac; d, wall of sporosac, con- 
sisting of endotheca alone; ¢, ovum, with germinal vesicle 
and germinal spot; /, ovum, with numerous germinal 
spots in the germinal vesicle. 

dusal type, but, instead of it, the type of the 

adelocodonic gonophore. This zooid springs as 

a bud from the radiating canals of the medusa, 

and is constructed upon precisely the same plan 

as that which we meet with in the gonophore of 

Clava or Hydractinia, except that the ectotheca 
’ ere would seem to be absent. It has an axile 
oe aH men baa aoa spadix (fig. 18 c), whose cavity isin direct com- 
_ Beene pon the ra. munication with that of the radiating canal from 
diating canal. which it springs. Immediately investing the 

spadix are the generative elements, ova or sper- 
matozoa ; while these are themselves surrounded and confined by a true endo- 
theca (d@), which becomes at last ruptured for the liberation of its contents. 

The zooidal nature of these buds is nowhere more distinct than in the genus 
Aglaura, Pér., a form not yet traced to a polypoid trophosome. Here the 
generative elements are produced in eight sac-like processes which surround 
the base of the manubrium, which is itself borne on the extremity of a stalk 
dependent from the summit of the umbrella. These sacs are undoubtedly 
true buds, and are entirely homologous with the gonophores of Clava ; and 
it is plain that they are developed from the proximal extremities of the 
radiating canals, just where these canals pass off from the manubrium in 
order to run along the sides of the stalk before reaching the umbrella.* 
ana See Leuckart’s description of dglaura Péronis (Wiegmann’s Archiv, Pak Erster 

. D 
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In certain other naked-eyed meduse, such as those belonging to the genus 
Thaumantias, Esch., the trophosome of which has been in one species de- 
tected by Wright, and the genera Tiaropsis, Agass., an¢ Tima, Esch., 
which, like Aglaura, have not yet been traced to a hydroid trophosome, the 
reproductive buds are situated, as in Obelia, upon the radiating canals; but 
they occupy with their extended base a much greater length of these canals 
than the corresponding buds in Obelia, Campanularia, or Aglaura do. They 
possess thus a less defined and individualized appearance than in the last- 
named meduse ; but, notwithstanding this, they are constructed upon essen- 
tially the same plan, and afford no exception to the view here taken. 

In Tima, indeed, we have an extreme case of this extension of the base of 
the generative buds, which here present themselves in the form of four long, 


Fig. 19.—Portion of the reproductive band in a female medusa of 
Tima Bairdit. 


t 
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G a a, radiating canal; 43, reproductive band; c, ectoderm; d, endoderm ; e, cavity 
of the spadix ; e’ e’, distal edge of the flattened spadix seen through the ectodermal layer ; 
J; OVS. 


flattened, sinuous frill-like bands, each attached by one edge along the whole 
length of a radiating canal (fig. 19). When a section is made from the free 
to the attached edge of this band, the generative elements are seen to be 
disposed upon each side of a hollow longitudinal septum (e, ¢e’). This septum 
consists of a diverticulum of the endoderm of the radiating canal; it admits 
into its interior the fluid which circulates in the radiating canal, and is 
plainly homologous with a laterally extended and flattened spadix ; while the 


Band, 8.10). Leuckart recognizes in the generative sacs of dglaura the significance of 
true zooids, though he refrains from extending this view to the generative sacs of other 
meduse. 
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generative elements are externally confined by an ectodermal covering, which 
is in the same way the homologue of the endotheca in an ordinary gonophore, 
but here flattened out like the spadix, in accordance with the ribbon-shaped 
form of the gonophore. 


b. Multiplication by Fission. 


Kolliker®* observed a process of true fissiparous multiplication in a medusa 
(Stomobrachium mirabile, Koll.) obtained in abundance at Messina. The fission 
always commenced by a vertical division of the manubrium, which thus became 
doubled ; and this stage of the process was followed by a similar division of 
the umbrella, separating the animal into two independent halves. The process, 
however, did not stop here, but was followed by a further division of each of 
the two first-formed segments into two others, by a fission at right angles to 
the direction of the first ; while Kolliker’s observations led him still further 
to conclude that the process does not terminate with even the second cleavage, 
but, on the contrary, that it still goes on, the animal continuing to multiply 
itself by frequent acts of fission. 

Developed generative bodies were not observed in Stomobrachtum mirabile, 
and Kolliker is of opinion that this medusa is only the young of another 
(Mesonema caerulescens, K6ll.) found in the same seas, and in which no divi- 
sion takes place, but in which well-developed generative sacs occur along the 
course of the radiating canals. 


B. Sexual Reproduction.— Generation. 


The origin and mode of formation of the ova and spermatozoa have already 
been considered ; the phenomena presented by the development of the embryo 
now remain for discussion. 

Development of the Embryo, from the commencement of the segmentation of 
the Vitellus to the attainment of the free locomotive stage.—I shall here de- 
scribe this process as I have observed it in Laomedea flexuosa. In this 
species the gonophores, which belong to the adelocodonic class, are in- 
cluded within a gonangium, where they are borne along the whole length 
of a blastostyle, regularly increasing in maturity as they recede from the 
base towards the summit of their supporting column. Each gonophore in 
the female colony contains but a single ovum—a fact which facilitates the 
observation of the development. 

The mature ovum (fig. 20 A), previous to the commencement of segmenta- 
tion, is about 0°01 inch in diameter ; it is of a granular structure, and contains 
a very distinct clear germinal vesicle about 0-002 of an inch in diameter, 
situated very excentrically, and easily separated from the surrounding vitellus, 
when it may be isolated as a perfectly spherical vesicle upon the stage of the 
microscope. There is occasionally a single germinal spot, but its place is 
usually taken by several (2 to 10) minute more or less spherical bodies, 
which float in the perfectly transparent and colourless fluid contents of the 
germinal vesicle. When the germinal vesicle is freed from the surrounding 
vitellus and floated in sea-water on the stage of the microscope, these bodies 
almost instantly disappear without leaving a trace behind, being apparently 
dissolved by water absorbed from without through the walls of the vesicle. 
If, however, a little tincture of iodine be previously added to the water, they 
continue visible, and are now plainly seen to be themselves vesicles, containing 


* Zeit. f. wissen. Zool. 1853, p. 352. 
2n2 
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within them a few minute granules which have been rendered obvious by the 
action of the iodine. 

The vitellus is entirely composed of minute spherical corpuscles of appa- 
rently homogeneous structure, about 0-0002 of an inch in diameter, along 
with granules so small as not to admit of measurement. There is no obvious 
vitellary membrane in the mature ovum, but I have satisfied myself of its 
presence while the ovum is still in a very young state. In other species, 
Hydractinia echinata for example, this membrane is very obvious in the 
ovum just before segmentation. There is no trace of a mieropyle in the ovum 
of this or of any other hydroid which I have examined. 

There is never more than a single ovum in each gonophore of Laomedea 

; and as this ovum continues to enlarge, it presses back the spadix 
until the latter is reduced to a small hollow projection in the bottom of the 
gonophore. 

Up to this time the germinal vesicle continued quite distinct, but it now 
entirely disappears (fig.20B). The disappearance of the germinal vesicle is 
unaccompanied by any apparent change in the structure of the ovum, which 
retains the same peculiar composition of spherical corpuscles and granules. 
I have no doubt that the vesicle now ceases to exist, and that its disappearance 
is not due to its being merely concealed in the mass of the vitellus. It has 
probably burst, and in so doing must have liberated its peculiar contents, 
which will then of course be no longer visible in the vitellus. The disap- 
pearance of the germinal vesicle is probably the immediate result of impreg- 
nation; for I have seen active spermatozoa about this time in the cavity of 
the female gonophore. ; 

It is useless to speculate upon the influence which the liberated contents 
of the germinal vesicle may exert in exciting the new series of phenomena 
which are now about to take place in the ovum; at all events, shortly after 
the disappearance of the germinal vesicle, the process of segmentation sets in. 
This process is certainly not preceded by the visible appearance of a new 
nucleus destined to take the place of the germinal vesicle. It is quite possible 
however that such a nucleus may exist, though, from its small size and from 
being so deeply imbedded in the mass of the vitellus, it may have eluded our 
attempts to discover it. 

The first step observable in the segmentation-process is the cleavage of the 
yolk into two segments (fig. 20 C), immediately followed by the cleavage of these 
into other two, so that the vitellus is now composed of four cleavage-spheres 
(fig. 20D). In none of them, however, can a nucleus be as yet demonstrated. 

The segmentation would now appear to proceed very rapidly, but, perhaps, 
not always with absolute regularity ; for it would seem occasionally to advance 
more rapidly in some of the previously formed spheres than in others. By 
the time that the vitellus presents about thirty-six or more cleavage-spheres 
(fig. 20 E) we begin to recognize in some of these spheres a distinct nucleus, 
while as the spheres become smaller and more numerous the nuclei become 
more and more apparent, until at last there may be seen in every minute sphere, 
of which the segmented yolk is composed, a brilliant nucleus, visible not only 
in the superficial spheres, but also in the deeper ones which come into view 
when the ovum is broken down under the compressor (fig. 20 FandG). It is 
therefore highly probable that in the earlier stages also a nucleus exists in every 
cleavage-sphere, but that in consequence of the thickness and opacity of the 
enveloping vitellus it is withdrawn from observation. The cleavage-spheres at 
this stage present the same peculiar structure which we find in the yolk just 
before the commencement of segmentation, consisting as they do of minute 
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Fig. 20.—Development of the ovum in Laomedea flecuosa. 
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A, young ovum in the gonophore previously to the disappearance of the germinal vesi- 
lo; the gercinalica ile kero cee contain aerial inal spote ; B, the germinal 
vesicle and spots have disappeared ; O, the vitellus has me cleft into two segmenta- 
tion-spheres ; D, the ovum after the second cleavage; K, the segmentation-spheres have 
become numerous, and many of them now show a distinct nucleus; F, the entation- 
spheres have greatly increased in number, and a nucleus may now be de in each of 
them ; G, the most superficial spheres have become arranged into a stratum distinguish- 
able from the deeper portion of the ovum; H, the su ial stratum has become more 
distinct, and is now seen to be composed of long prismatic cells ; I, the ovum has begun to 
elongate itself, and one end has become folded on the remainder ; K, the embryo just after 
its escape in the form of a ciliated planula. 
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spherical corpuscles, with still more minute granules. When the vitellus 
has thus become broken up into a great number of minute spheres, it is 
evident that the most superficial of these spheres have arranged themselves 
into a distinct stratum, consisting of a single layer of spheres, and completely 
enveloping the more internal parts (fig. 20 G). 

We next find that the spheres composing this layer have increased in 
number, while at the same time they have become longer in the direction of 
the radius of the ovum, and now form a rather thick layer of undoubled cells, 
arranged with their long axes perpendicular to the surface of the ovum, 
having their sides in close contact and investing, as with a continuous wall, 
the whole interior of the ‘mass (fig. 20 H). 

It is impossible not to see in the entire process here described an exact 
parallelism with the early stages in the development of the mammalian 
ovum, while the superficial layer of cells, to the formation of which we have 
just arrived, must be at once recognized as the representative of the blasto- 
derm of the mammal®. 

The nuclei, which were previously visible in the cleavage-spheres, have 
now ceased to be distinguishable, while these spheres at the same time show 
a distinct investing membrane. In fact, on now carefully breaking down the 
ovum under the microscope, its interior is found to consist entirely of loosely 
aggregated cells, some spherical, some more elongated, and all with a more or 
leas copious endogenous brood of secondary cells within them (fig. 20 H). 

The external enveloping layer having now attained a considerable thick- 
ness, and a well-defined differentiation between it and the more internal 
parte having been established, the ovum begins to elongate itself, and at the 
same time the interior has undergone a further change; for we no longer 
find in it the large mother cells with their endogenous brood, but a malti- 
tude of small, free, clear vesicles of various sizes mingled wrth the minute 
granules, which have all along formed a part of the constituents of the ovum. 

At this point we may conveniently, though somewhat arbitrarily, designate 
the developing body as the “embryo.” We find now that one end of the 
oval embryo begins to be prolonged beyond the rest, upon which it becomes 
bent back as it continues to elongate itself (fig. 20 1). By this time the 
embryo has become endowed with evident contractility, as manifested by slug- 
gish changes of contour. 

Shortly after this, the embryo escapes from its confinement by the rupture 
of the walls of the gonophore, when it speedily straightens itself and is 
discharged in the form of a long conical body through the summit of the 
gonangium into the surrounding water (fig. 20 K). 

We now find that its whole surface is clothed with vibratile cilia, by whose 
aid it moves slowly along the bottom of the vessel, while the cells and gra- 
nules which occupied its deepest parts seem to have undergone a kind of 
liquefaction, resulting in the formation of an elongated cavity in the axis of 
the embryo, which is thus, at that period, a nearly cylindrical sac, without, 
ns yet, any appearance of a mouth, but with an endoderm and ectoderm 
already differentiated, while multitudes of very minute elongated-oval bodies, 
with a high refractive power, soon make their appearance in the ectodern ; 
these are most probably thread-cells, though no sign of a filament can as yet 
be discovered in them. 

We have thus arrived at the ciliated and locomotive stage of the embryo. 

* The comparison of the structure of the Hydrozoa to the early stages in the development 


of the highest animals has been very distinctly made by Profexsor Huxley (Oceanic Hydro- 
zoa, p. 2). 
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To this stage Sir John G. Dalyell has given the name of ‘ planula,” a name, 
however, suggested by a mistaken view of its form, which he compares to a 
Planaria. In this comparison he has probably been led astray by the imper- 
fection of the microscope employed ; for the locomotive embryo has no ten- 
dency whatever to a flattened shape, as indicated by the name of “ planula,” 
but is always conical or cylindrical. Instead of “‘ planula,” therefore, one is 
strongly tempted to employ for this form of embryo some term which shall 
not tend to convey a false impression of its figure. The term “ planula,” how- 
ever, has passed into such general use, and has, moreover, become so intimately 
associated with the memory of one to whose admirable and conscientious 
observations our knowledge of the Hydroida owes so much, that the defects 
of the term will hardly justify our suppression of it. 

The further progress of the animal, up to that stage in which it has ac- 
quired all the essential features of the adult, admits of being easily traced in 
many different species. I shall take as a good type of the changes which 
the ciliated embryo undergoes in this progress the development of Kudendrium 
racemosum, Cav., in which I have satisfactorily followed the various steps. 

After the embryo has enjoyed for a period (which, probably, extends over 
two or three days) its locomotive existence, it loses its cilia, and with them 
all power of active locomotion, though still apparently retaining the power 
of slowly creeping from place to place by the contractility of its body. It 
may now be occasionally scen with one end dilated, so as to give a flask- 
shaped form to the embryo. 

We next find that the animal has attached itself to some fixed object by 
the enlarged extremity of its body, which becomes flattened over the surface 
to which it thus adheres. From the centre of this enlarged base the rest 
of the embryo rises perpendicularly as a little cylindrical or slightly clavate 
hollow column. The base now expands laterally, while, at the same time, it 
becomes compressed vertically, so as to acquire the condition of a little cir- 
cular disc of adhesion. At the same time the embryo becomes enlarged a 
little behind its distal or free extremity by the formation of a slightly pro- 
minent circular ridge, while an exceedingly delicate periderm has been excreted 
as a scarcely perceptible film over its whole surface. 

It will next be seen that a remarkable change has taken place in the disc 
of attachment by the division of this part into lobes separated from one another 
by radiating fissures, which commence as shallow notches at the circum- 
ference, and thence gradually increase in depth until they nearly reach the 
central vertical column. These lobes, like the rest of the young hydroid, 
consist of a layer of endoderm enveloped by one of ectoderm, while each con- 
tains a prolongation from the cavity of the column, and is invested by a deli- 
cate periderm, which may be traced into the bottom of the dividing fissures. 
The lobes of the disc increase in number by successive dichotomous division, 
though absolute regularity is not usually maintained. 

In the mean time the young Eudendrium has increased in size, and the 
circular ridge has become more pronounced, while the part in front of this 
ridge has in the same proportion become more decidedly marked off from the 
rest of the body, and the periderm has here become more distinct by the partial 
withdrawal from it of the included structures. 

Soon after this the whole circumference of the ridge will be found to have 
extended itself as a circle of about ten short, thick tentacula, while at some 
distance behind these the body is seen to be narrowed into a short, nearly 
cylindrical stem springing directly from the centre of the basal disc ; and the 
more contracted portion which lies in front of the circle of rudimental tentacula 
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is now plainly recognizable as the proboscis or metastome of the future polypite. 
The tentacles now rapidly multiply by the intercalation of others between those 
already formed. The second set may at first be easily distinguished by their 
shortness ; but the bases of all seem to be on the same level, and the whole 
appear to constitute a single uninterrupted series. The tentacles, though 
short and thick, will have thus soon attained the full number which we meet 
with in the adult. They consist in this stage of an endodermal and an 
ectodermal layer, the ectoderm apparently formed of a single layer of pris- 
matic cells, while the endoderm seems to fill the entire axis with a mass of 
minute, spherical, loosely aggregated cells. Just behind the tentacles the 
body of the young polypite is seen to be excavated by a large cavity, in which 
is a multitude of loose spherical cells, filled with a red granular pigment, 
and undoubtedly thrown off from the inner surface of the walls. 

The whole of the young hydroid is still completely enveloped by the deli- 
cate chitinous periderm, which forms a sheath extending over even the distal 
free extremity, and within which the various changes just described, in- 
cluding even the formation of the tentacles, have been going on. We now 
find, however, that this sheath (which has for some time lain loosely over the 
distal parts of the hydroid, and which it seemed to invest as in a sac) becomes 
ruptured in front of the tentacles, so that the water gains direct access to 
the surface of the young polypite, and the tentacles have full freedom to ex- 
tend themselves. It would seem, too, that the distal extremity of the pro- 
boscis had now, for the first time, become perforated by a mouth; for, up to 
this stage, no undoubted evidence of an oral aperture could be detected. 

The young Ludendriwm has thus acquired the form of a true polypite borne on 
the extremity of a short simple cylindrical stem, which still springs from the 
centre of the radiating disc. The stem elongates itself, and the body, tentacles, 
and proboscis rapidly acquire all the characters of the adult; the hydroid, 
however, is still simple, and it remains for it to develope from its base a 
creeping stolon which will take the place of the primordial disc, to complicate 
itself by the budding of new polypites and the development of branches, and, 
finally, by the formation of sexual zooids to combine a gonosome with the pri- 
mary trophosome, in order that the little hydroid whose progressive changes we 
have been thus following may attain the condition of the adult Hudendrium. 

The developmental phenomena above described are in all their essential 
points, so far as we know, universal among the marine Hyproroa, with one 
exception—that, namely, which is presented by the genus Tubularia. 

In this genus a minutely granular plasma, entirely similar to that which 
in other Hydroida becomes differentiated into ordinary ova, may be seen en- 
veloping the spadix of the young gonophore. Instead, however, of becoming 
transformed in the usual way into ova, portions become detached from the 
mass and lie loose in the cavity of the endotheca, where they undergo a deve- 
lopment into free embryos in the manner to be presently described, while the 
residual plasma continues to detach from itg mass fresh fragments, which are 
in their turn transformed into embryos.. - 

In the portions thus successively detached from the central plasma it is 
impossible, as has already been said, to detect any trace of germinal vesicle 
or germinal spot, and yet we should certainly not be justified in regarding 
them as mere gemme, or in attributing to them any other significance than 
that of true ova*. The plasma in which they originate holds in the gono- 

* Agassiz calls the central plasma in 7wéudaria the “ germ-basis,” and refuses to regard 


ae ova the masses which are thrown off from it and become developed into polypoid young. 
( Op. cit. vol. iv. pp. 255 & 269.) 
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phores which contain it a position precisely similar to that held hy the un- 
doubted spermatogenous tissue in the male gonophores of the same species ; 
and as nothing else is presented by the hydroid which can in any way be 
regarded as ova, we should, by denying to these the essential attributes of 
ova, be reduced to the anomalous alternative of admitting the existence of 
the male element without the correlative female one. 

The phenomena connected with the development of Tubularia indivisa, in 
which I have carefully examined them *, will afford a good example of the 
difference between this form of development and that which is usual among 
the Hydroida; in all essential points they are the same as in the other 
species of Tubularia. 

In the female gonophore of Tubularia indivisa (fig. 6C), the generative pro- 
duct originates as a voluminous plasma between the endoderm and ectoderm 
of the manubrium. It is evidently in more intimate relation with the endo- 
derm than with the ectoderm, and as it increases in bulk it would seem to cause 
the absorption of the latter membrano, which had confined it in its young 
state. A portion of it now becomes detached from the mass, and soon under- 
goes a special development into an embryo within the cavity of the gono- 
phore. As has just been said, no trace of germinal vesicle or spot can be 
found either in the entire mass or in any of the detached portions; so also 
the phenomenon of yolk-cleavage, if present at all, is very obscure, but the 
detached mass may be easily broken up into cells filled with secondary 
cells. 

The ovum (for I have no hesitation in so designating the mass detached 
from the primitive plasma, notwithstanding its anomalous characters) lies in 
contact with the remainder of the plasma, and while in this position becomes 
developed into an actiniform embryo, as has been already noticed by Van 
Benedent, Mummery+, and others. In the act of development it becomes 
first extended as a disc over the residual plasma. In this disc we can always 
recognize a differentiation between its peripheral and central portions. Next, 
from the cireumference of the disc short and thick processes radiate all 
round, and these soon elongate themselves into tentacles; the disc at the 
same time gradually becomes more gibbous on the side turned away from the 
axis of the gonophore, its interior becomes hollowed out into a digestive 
cavity, and a mouth makes its appearance in the centre of the opposite side, or 
that in contact with the plasma. The embryo now retreats from the plasma, 
the mouth is seen to be elevated on a conical prominence, while the side 
opposite to the mouth becomes more and more prolonged until it assumes the 
form of an elongated oval peduncle into which the general cavity is continued. 
The extremity of this prolongation presents the appearance of delicate strix 
(probably fibres) radiating for a short distance from its central pomt—a pe- 
euliar structure which might easily lead to the belief that an aperture was 
here present. The uppearance of an aperture, however, I believe to be entirely 
deceptive. At the same time a circle of very short tentacula makes its ap- 
pearance immediately around the mouth. In this state it escapes from the 
gonophore, and, after continuing free for a period, the side opposite to the 
mouth becomes ultimately developed into a cylindrical stem, which soon 
clothes itself with a periderm and fixes the young Tubularia to some neigh- 
bouring object. After the escape of the embryo, or even during its develop- 


* “ Notes on the Hydroid Zoophytes,” Ann. Nat. Hist. July 1859. 

t ‘Recherches sur ]’Embryogénie des Tubulaires,” p. 37. pl. 1, in Nouv. Mém. de 
)’Acad. Roy. de Bruxelles, tom. xvii. 1844. 

$ ‘‘On the Development of 7wdularia indivisa,” Trans. Micr. Soc. 1853, p. 28. 
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ment within the gonophore, the remains of the plasma may still throw off 
portions which become developed in a similar way into free actiniform 
embryos*®. 

Our knowledge of the freshwater Hydro is still in a very imperfect state, 
not only as regards the development of the embryo, but as to the structure of 
the parts on which the sexual functions devolve in these animals. Towards 
the end of autumn, and occasionally earlier, conical tubercles may be seen 
budding from the body of the various species of Hydre, and containing, when 
mature, active caudate corpuscles. There is no difficulty in recognizing in 
these corpuscles spermatozoa, and in the containing tubercles true male 
gonophores,—a determination which we originally owe to Ehrenbergt. <A 
minute aperture ultimately shows itself in the summit of the gonophore, and 
through this the spermatozoa escape. 

But, besides the spermatogenous tubercles, there also occur, usually on the 
same individuals, others which, instead of containing spermatozoa, have their 
cavity occupied by a spherical body, first accurately described by Ehrenberg t, 
and which, notwithstanding some anomalous features, we are justified in 
viewing as an ovum rather than anything else; while we must regard its 
containing sac as a female gonophore—a gonophore, however, in a very low 
stage of development, for the spadix is at an early period pushed back by the 
large single ovum, and remains undeveloped, while no ectotheca appears to 
be differentiated. In the male gonophore, on the contrary, the spadix is not 
suppressed, but may be seen projecting from the body of the hydra into the 
cavity of the gonophore. The ovum, when mature, escapes by the rupture 
of the walls of the gonophore, and is then seen to be invested by a tough 
membranous shell, which in some cases has been observed to develope peculiar 
forked spines over its entire surface. In this body, however, neither ger- 
minal vesicle nor spot has hitherto been detected; and, in the development 
from it of the embryo, the polypoid form appears to be directly attained, 
without the occurrence of a planula-stage§. The structure of the ovam and 
the developmental phenomena in Hydra would thus seem to come nearer to 
what we mect with in Tubularia than to the conditions presented by any 
other hydroid. 

It will be thus seen that the earliest free stage of the Hyprorm tro- 
phosome is locomotive, and shows itself under two distinct types—one pre- 


* Olaparéde (Beobacht. iiber Anat. u. Entwickl. wirbelloser Thiere an der Kiste von 
Normandie, 1863, p. 2) takes 8 somewhat different view of the development of Tubularéa 
from that given above. His observations were made on certain minute organisms which 
he found swimming in the open sea, and which are undoubtedly the actinula-stage of some 
species of Tubudaria, He compares them to small medusm, the body of the actinula repre. 
senting the umbrella, and the long tentacles the marginal tentacles of the medusa, while 
that portion which is subsequently to become developed into the stem of the Tudularia is 
viewed by Claparéde as corresponding to the manubrium,—the mouth of the future Tudu- 
laria, with its circle of short tentacles, being developed on the summit of the umbrella, Cla- 
perede believes that he had found an a in the extremity of that portion which is to 

me the stem, and he has apparently thus been led to interpret this part as the manu- 
brium of a medusa. I have little doubt that Claparéde has been here deceived by the pecu- 
liar structure described above, and which might easily lead to an error of interpretation. 

+ Ehrenberg, Mittheilungen aus den Verhandl. der Gesellsch. naturf. nde in 
Berlin, 1838, p. 14. 

¢ Ehrenberg, Abhandl. der Berl. Akademie, 1836, p. 115, taf. ii. 

§ Pallas, Karakteristik der Thierpflanzen, p. 53. Laurent, Froriep’s Neue Notizen., 
No. 513, p. 101; and ‘Nouveaux Recherches sur les Hydres d'eau douce, Voyage de la 
Bonite,’ 1844. See also “ On the Generative System of Hydra,” by Prof. Allen Thomson. 
loc. cit., and Hancock, ‘ Notes on a Species of Hydra found in the Northumberland Lakes.” 
in the ‘Annals of Natural History,’ vol. v. 1850. 
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sented by the great majority of the Hyprorpa, and described above as the 
Planula of Sir J. G. Dalyell; the other confined to the genus Tubularia, 
unless Hydra also should afford an example of it, and which may be if the 
same way designated by the term Actinula*. Every hydroid, if we except 
such forms as may be proved to pass to the medusal condition directly from 
the egg, thus commences its free existence either as a planula or an actinula. 

Import of the Phanerocodonic Gonophore.—The developmental phenomena 
now described have been all observed in ova which have their origin in an 
adelocodonic gonophore; and they enable us to trace back the hydroid in an 
unbroken series, through the egg from which it is developed, and the gono- 
phore in which this egg originates, to the hydroid trophosome from which the 
gonophore buds. 

The cases in which a similarly unbroken chain can be traced back through 
the fred phanerocodonic gonophore are naturally far less frequent ; for in the 
majority of cases the free gonophore does not produce its generative elements 
until a considerable time after it has become free, and undergone more or 
less change of form as it continues to develope itself in the open sea; and it 
is very seldom that we can succeed in rearing the free meduse in the con- 
finement of our tanks up to the period when they shall attain sexual ma- 
turityt. We thus then almost always lose absolute evidence of identity in 
the gonophore when presented at two distant periods of its life; and there 
is, therefore, necessarily an interruption in the series of direct observations. 
Some such direct observations, however, have been made; and, besides these, 
so many facts have been ascertained by more or less discontinuous and frag- 
mentary observations, that there remains no longer any doubt that the 
history of the phanerocodonic gonophores and their progeny is in all essential 
points identical with that of the adelocodonic forms. 

Some cases have been observed in which the phanerocodonic gonophore 
has attained to complete maturity, and become loaded with ova or sperma- 
tozoa, before separating itself from the trophosome. 

The first recorded instance of this phenomenon seems to be that described 
by Cavolini+, who observed the medusiform zooids of his Sertularia pennaria 
(Pennaria distycha, Goldfuss) to become loaded with ova while still attached 
to the trophosome—an observation which about three-quarters of a century 
later was confirmed by M°Crady§, who saw the ova in his Pennaria tiarella 
even become developed into planule before the detachment of the gonophore. 

Rud. Wagner || saw in a hydroid, which he names Coryne aculeata, the 
formation of buds, which became developed into somewhat arrested medusa- 
like gonophores ; and then, before detaching themselves from the trophosome, 
gave origin to a copious brood of eggs in the walls of the manubrium. 

Lovén] saw in a Coryne, which he refers to the Syncoryne ramosa of 
Ehrenberg, a medusoid body, also somewhat arrested in its development. It 


* While the present Report was in the hands of the printer, I received a letter from 
Mr. Alder, in which he informs me that he has bred from the Myrtothela arctica of 
Sars, free polypoid embryos closely resembling the free stage of Twularia - From this 
important observation, it would follow that Myrtothela arctica must also be © placed among 
the hydroids which commence their free existence under the form of actinula. 

t In the Srpnonopnora the opposite condition is prevalent; for here the gonophores, 
even such as present the more complete medusal or phanerocodonic form, usually become 
loaded with ova or spermatosoe ore they detach themselves from the trophosome. 

~ Mem. Polypi Marini, 1785. ; 

§ Proc. Elliott Soc. Nat. Hist. 1857. 

Isis, 1833, p. 256. tab. 11. 
Miiller’s Archiv, 1837, p. 321. 
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was produced upon the body of the polypite, and contained multitudes of ova, 
which had their origin in the walls of the manubrium. It is probable that 
the medusoid here described, though truly phanerocodonic, discharges its 
eggs without ever becoming free. 

Wright observed in a Coryne, to which he gives the name of C. gravata, 
fixed medusiform bodies of the phanerocodonic type, with the spermatic mas 
largely developed in the walls of the manubrium*, _ 

But the most complete observation of this class has been made by Agassist, 
who has seen in his Coryne mirabilis fully developed medusz, referable to the 
type of Sarsia, originate as buds in the earlier months of the year, and then 
become free before any formation in them of ova or spermatozoa; while 
during the later months the same Coryne gives origin to medusa-buds which 
are arrested at a slightly less advanced stage of development, never become 
free, and produce in some cases ova, in others spermatozoa, in voluminous 
masses developed in the walls of the manubrium. 

In all the above instances the generative elements had advanced far 
towards maturity, and the gonophore had apparently reached its final form 
while still attached to the trophosome. It will, I think, be found that, when- 
ever this is the case, there is some degree of arrest in the complete medusal 
development, though not sufficient to reduce the gonophore to the condition 
of the adelocodonic forms. This shows itself especially in the tentacula, 
which usually remain in the state of mere tubercles, and, even when most 
developed, never attain the completeness and extensibility which charactenze 
them in the free medusee. It is also probable that in these cases the manu- 
brium never developes a mouth at its extremity {. 

In other cases, however, the gonophores are detached, as free meduse, 10 
a much less mature state, in order to undergo further development in the 
open sea, and while yet the generative elements are quite rudimental, or 
even before any trace of them can be detected. Here, likewise, several cases 
have been recorded which prove, by direct and continuous observation, thet 
these meduse also have, as their proper function, the perpetuation of the 
species by true sexual generation. 

The generative sacs which become developed upon the radiating canals of 
certain free medus were seen by Van Beneden§ in the meduse thrown off 
by Laomedea dichotoma||. He mistook them, however, for nervous ganglia, 
an error which was afterwards rectified by Krohn ; while similar bodies were 
subsequently observed, and correctly interpreted, by Kélliker®® in 8 hydroid 
which he named Campanularia dichotoma, but which is certainly not the 
true Campanularia (Laomedea) dichotoma, whose meduss are different from 
those described by Kélliker. Kolliker in this instance recognized the rud!- 
ments of the generative sacs even before the escape of the meduse from 
the gonangium. f 

Gossett mentions and figures the generative sacs on the radiating canals 0 


* Edin. New. Phil. Journ. 1858, vol. vii. p. 282. 
t+ Op. ett. vol. iv. p. 189. 7 
t The gonophores of the S1rnonoruora also afford an example of the same pheno 
in the fact that in most cases, oven though attaining the phanerocodonic form, they *\f 
short of the completely developed medusa, while at a very early period they develope 
generative elements within them. Roy. 
§ Mém. eur les Campanulaires,” p. 26. pl. 2. fig. 15, in Nouv. Mém. de ’Aced. 
de Brux. tom. xvii. 1844. 
Named Campanularia gelatinosa in Van Beneden’s memoir. 
Wiegm. Arch. 1851, p. 267. *# Zeit. f. w. Z. vol. iv. P. 301. 
+t A Naturalist’s Rambles on the Devonshire Coast, 1853, p. $08. pl. 19. fig. 3. 
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medusee, which he saw liberated from the gonangium of Campanularia John- 
stoni, Alder. He seems, however, not to have been aware of the nature of 
these bodies, which were afterwards observed in the same species, and cor- 
rectly interpreted, by Wright *, who also witnessed the generative sacs on the 
radiating canals of the medusa of Obelia (Laomedea) dichotoma just after 
separation ft. 

I can fully confirm these observations on the medusa of Campanularia 
Johnstoni, having myself on more than one occasion witnessed the generative 
sacs budding from the radiating canals of meduse shortly after liberation from 
the trophosome of this hydroid (see fig. 17). 

In a Campanularian hydroid which I discovered in the Firth of Forth, and 
would refer to Van Beneden’s genus Campanulina, under the name of C. re- 
pens, Allm., I found the generative sacs distinctly developed on the radiating 
canals of the medusa at the time of its liberation from the gonangium. 

Dujardin ¢ has seen ova produced in the walls of the manubrium of Cla- 
donema, a medusa traceable to a hydroid trophosome nearly allied to that of 
Coryne, and which Dujardin names Stauridiwm (Stauridie). These ova were 
observed in specimens of a Cladonema thrown off from Stauridium in his 
tanks, so that the observation is continuous and complete. 

Krohn§ has seen ova and spermatozoa produced in the walls of the manu- 
brium of the female and male medusa-buds of a hydroid, which he believes 
to be identical with the Podocoryne carnea of Sars. The generative elements 
had indeed in this case made their appearance at a very early period, for 
their rudiments were manifest while the medusa was as yet incompletely de- 
veloped, and still attached to the trophosome ||. 

To the facts above stated I am enabled to add the case of Coryne eximia, 
Allm., in whose medusa, just after liberation, from specimens obtained in 
Shetland in July 1862, I saw the generative mass in the form of a minutely 
granular substance included between the ectoderm and endoderm of the 
manubrium, and having nucleated spherical cells scattered through it. These 
cells are in all probability the germinal vesicles, with their germinal spot, but 
with the yolk not yet differentiated around them. 

The cases now stated contain, I believe, the whole of the instances in 
which free meduse, giving rise to ova or spermatozoa, have been traced by 
actual and continuous observation to the hydroid trophosome. 

Evidence, however, scarcely less convincing, is afforded by those cases in 
which, though the free medusa in which the eggs or spermatozoa are found 
cannot be traced by direct observation to a trophosome, its resemblance to 
forms which have been so traced is so close as to justify us in assigning to 
both a similar origin. 

Desor 4 found, swimming freely in immense numbers in the port of Boston, 
United States, a Sarsia-like medusa, which he did not hesitate to identify 
specifically with a form which some weeks before he had seen produced by 
buds from a Coryne obtained in the same locality. In the free meduse now 
obtained, the walls of the manubrium were swollen by the development in 
them of ova or spermatozoa. He was able to trace the ova through all the 
stages of segmentation. 

* Edinb. New Phil. Journ. 1858, vol. vii. p. 286. 

t Op. cit. 1859, vol. ix. p. 113. 

‘ I pe on howeve thro Bent’ foom specimens i of Podocoryne carnea in my tanks 

n wever, wn off from s , 
no trace of generative elements could be detected, even at the end of fourteen days 
after their liberation. 

“| Ann. des Sci. Nat. vol. xii. 1849, p. 207. 


$ Ann. des Sci. Nat. 1845. 
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I have myself frequently captured in various parts of the British seas a 
medusa which, except in its greater size (0°25 of an inch in diameter) and the 
increased number of its tentacles, so nearly resembles the medusee which are 
thrown off from Laomedea genicwata, or the closely allied LZ. dichotoma, that 
I have no hesitation in referring it to one of these hydroids as its trophosome. 
The peculiar generative sacs (see fig. 18) were well developed near the middle 
of each of its radiating canals, and in some specimens contained mature ova, 
with germinal vesicle and spot, while in others they were filled with mature 
spermatozoa. 

A similar observation was made by Krohn*® on a little medusa which he 
captured in the Bay of Naples, and whose resemblance to the meduse found 
by Van Beneden, as above stated, to be developed from Laomedea dichotoma 
was so close, that Krohn did not hesitate to regard it as the product of some 
similar trophosome. 

Specimens of Corymorpha nutans obtained in the Frith of Forth, in the 
month of June, were kept alive for some weeks in my tanks. During this 
period multitudes of free meduse were thrown off from them; but though 
the liberated meduse continued to live for a considerable time, and increased 
slightly in size, they never developed any trace of generative elements. In 
the neighbourhood of the locality, however, which yielded the specimens of 
Corymorpha, I captured, by means of the towing-net, a small medusa, which 
I have little doubt belongs to the same species as those thrown off by the 
Corymorpha in my tanks. In the medusa thus found free in the open sea, 
the generative elements, though still immature, were very distinctly visible 
as a pale yellow mass between the ectoderm and endoderm of the manubrium, 
which was rendered tumid by their presence. ; 

Besides the cases now enumerated, in which the sexually mature meduse 
admit of being referred with certainty, or at least with high probability f, to 
specific trophosomes, there are the very numerous cases in which the gene- 
rative elements have been detected in free gymnophthalmic meduse whose 
trophosome is as yet unknown, or only a matter of suspicion +, and whose 
evidence in the present inquiry is necessarily only secondary and indirect. 

I have thus endeavoured to bring together the whole of the evidence, 
which carries us up to a particular point in our investigations. This pout 
is of great importance, for its determination enables us to enunciate the fol- 
lowing general proposition :— 

Many species of the fixed plant-like Hydroida give rise, by budding, to free 
gymnophthalmic meduse, which ultimately attain, either directly (the gono- 
cheme) or indirectly (the gonoblastocheme), to sexual maturity, and produce 
ova or spermatozoa. 

But the point to which we have thus arrived does not complete the deve- 
lopmental history of the Hyprorpa, and the important question stil] remains, 
What is the result, immediate and remote, of the development of the ovum 
produced by the free medusa? 

A considerable number of facts bearing upon this question have also been 
accumulated, and the development of the ovum has been traced with more oF 
less minuteness by various observers, so that we are now enabled to preset 


* Wiegm. Arch. 1851, Erster Band, S. 265. 
+ It is possible for two meduse to present no differences of even specific value, and yet 
e to 


be referab: specifically or even generically distinct trophosomes. (See below, p. $23.) 
¢ See the various systematic treatises on the Medusee, especially Forbes’s ‘ Mo ph o 
the British Naked-eyed Meduse,’ published by the Ray Society, 1848; baur, “Versuch 


-ines Systemes der Medusen,” Zeitsch. f. wissen. Zool. 1857; and M-Crady, “Gymnophthal- 
ta of Charleston Harbour,” Proc. of the Elliott Soc. of Charleston, South Carolins, 180" 
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the terms which were still wanting to complete the life-series of the 
hydroid. 

Krohn*, having placed in a jar of sea-water some mature specimens of Cla- 
cdonema (a medusa which, as we have already seen, Dujardin had previously 
proved to be produced by budding from a Coryne-like trophosome, to which 
he gave the name of Stauridium), observed that after a time they had 
deposited eggs, which adhered to the sides and bottom of the vessel. Soon 
after deposition, the segmentation of the yolk commenced ; and in about forty- 
eight hours after the beginning of the cleavage, the ovum had become 
changed into a free-swimming ciliated infusorium-like embryo (planula). 

This embryo was successfully watched by Krohn through all its subse- 
quent stages—the disappearance of its cilia, the fixing itself to the sides of 
the jar, its conversion into a little circular disc, the growth of a short 
column from the centre of the disc, and its final conversion into a hydroid, 
identical with the Stauridium from which Dujardin had originally seen the 
Cladonema thrown off. To Krohn then is due the first grand observation 
by which the whole circle of hydroid development, in the case of a free 
phanerocodonic gonophore, has been completed. 

Gosse T had seen the medusa, Turris neylecta, Forbes, discharge from the 
generative mass formed in the walls of its manubrium ciliated planulew, which, 
after some time, fixed themselves to the glass, and became elongated into 
adherent, branched, stolon-like bodies, which threw up a perpendicular stem, 
on whose summit a circle of four tentacles was developed, and the whole 
became thus changed into a Clava-like hydroid. 

Wright $ subsequently watched the development of the ovum in this same 
medusa. His observations agree with those of Gosse, but he has succeeded. 
in tracing the development a step further; for he saw the tentacles increase 
in number by the growth of others behind those first formed, giving by their 
scattered disposition a still more Clava-like appearance to the hydroid, while 
he also noticed the formation of a chitinous periderm which clothed the 
creeping stolon. 

Gegenbaur § describes the development of the egg in a medusa, which he 
names Jizzia Kollikeri. He has seen the segmentation of the vitellus, and 
the formation of a ciliated planula, which, after enjoying for a time its loco- 
motive existence, loses its cilia, fixes itself to the side of the vessel, expands 
one extremity into a disc of adhesion, elongates the rest of its body into a 
cylindrical stem, which, after clothing itself with a chitinous polypary, deve- 
lopes a mouth upon its free extremity, and just below this throws out a 
verticil of tentacula, while the expanded base becomes extended into short 
stolon-hke prolongations. 

The development of the ova in another medusa, named by Kolliker 
Oceania armata, was also observed by Gegenbaur ||. He traced the seg- 
mentation of the vitellus, the formation of a ciliated planula, the fixation of 
the planula, and its development into a stolon-like body; but beyond this 
point his observations were not carried. 

Wright J observed that numerous planule had made their appearance in 
a vessel in which he had placed some isolated specimens of Thaumantias 
inconspicua. He believes that these planule were produced by the Thau- 

* Miiller’s Archiv, 1853, p. 420. tab. xiii. 

+ A Naturalist’s Rambles on the Devonshire Coast, 1853, p. 348. pl. 13. 
} Edinb. New Phil. Journ. July 1859, pl. 8. f. 1. 

§ Generationswechsel, 1854, p. 23. pl. i1. figs. 1-9. 

| Loc. cit. p. 28. pl. 2. figs. 10-16. 
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mantias, and he saw some of them fix themselves to the sides of the vessel 
and develope a lobed disc. From this disc arose a stem, which developed 
from ita summit a polypite closely resembling the Campanularia raridentata 
of Alder. 

In the Aiquorea vitrina of Goase, Wright* also observed free ciliated 
planulew to escape from the generative bodies, and, after fixing themselves to 
the sides of the vessel, become developed into a hydroid, with polypite, 
hydrotheca, and periderm, bearing, as he informs us, a close resemblance 
to the Laomedea acuminata of Alder. 

The class of observations here enumerated enable us to complete the circle 
of hydroid-development; for they prove that the ova of the free medusa 
undergo, like those of the fixed gonophore, a continuous development, by 
which they become transformed tnto polypoid trophosomes ; these trophosomes, 
as has been proved by direct observation in the case of Stauridium, and 
as we may unquestionably assume in other cases, giving origin, by buds, 
to meduse identical with those from whose ova the trophosome was directly 
developed. 

Relation between Sexual and Non-sexual Reproduction in the Hydroida.— 
The phenomena now described under the head of sexual and non-sexual 
reproduction present intimate and important relations with one another— 
relations which find their expression in the remarkable law, originally hinted 
at by Chamisso when he made his memorable discovery of the true genetic 
relations between the solitary Salpa and the associated chain-like colonies 
of these animals, but first distinctly enunciated by Steenstrup, under the name 
of the “Alternation of Generations ”’—a law which, though in its original mode 
of statement it must undergo some modification, has nevertheless received, iu 
all essential points, abundant confirmation, and will explain, in a way which 
it alone can do, a host of phenomena which would otherwise have appeared 
isolated and exceptional f. , 

The law in question manifests itself among the Hyprorpa in the fact that 
between every two sexual gooids one or more non-sexual zooids intervene, 
the immediate result of the development of the ovum being in such cases 
always a non-sexual form. 

To take for example one of the simplest cases, we find that from the 
ovum of Clava multicornis there is developed directly a ciliated planula, 
passing by continuous metamorphosis into the non-sexual polypite. From 
this polypite there is then produced by gemmation a sexual zooid—the 
sporosac, which gives origin to ova or spermatozoa, destined to repeat the 
series, which thus consists of non-sexual polypite and sexual sporosac, and 
so on indefinitely. 

The “period ” here indefinitely repeated in the life of the species consists 
accordingly of two terms—polypite—sporosac. 

Again, in Hydractinia echinata we have a case not quite so simple ; for 
here, while the ovum becomes developed as before into a polypite, this 
polypite, instead of directly producing gonophore-buds, sends off from its 
basal extension or coonosarc a peculiar bud, which, though still non-sexual, 
differs from the polypite, and has its alimentary functions suppressed. It 
constitutes the gonoblastidium, and is destined to give origin by budding to 
sporosacs. 


* Micr. Journ. vol. iii. pl. 4. figs. 1-6. . 

t The true significance of the phenomena on which the law of ‘alternation of geners- 
‘ons”’ has been founded was for the first time clear! pointed out by Dr. Carpenter. Ses 
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In Hydractina echinata then the period consists of three terms—poly- 
pite—gonoblastidium—sporosac. 

A still farther advance in complication is afforded by those forms in which 

a gonoblastocheme is developed, as in many of the Campanularidea—Cam- 
panularia Johnstoni for example. Here we have polypite and gonoblastidium 
in the same order as in Hydractinia; but the gonoblastidium, instead of giving 
origin directly to sexual zooids, developes a new kind of zooid, as a bud from 
its sides, in the form of a non-sexual medusa or gonoblastocheme; and it is 
upon this gonoblastocheme that devolves the function of producing, by a 
process of gemmation, the ultimate sexual zooid in the form of a sporosac. 

In Campanularia Johnstoni, therefore, the period will consist of four 
terms—polypite—gonoblastidium—blastocheme—sporosac. 

It will be seen that, in the cases enumerated above, we have examples 
of three different types of alternation—the binary, the ternary, and the qua- 
ternary, this last presenting the highest order of complication which we know 
of among the Hyproma. 

The three types may be conveniently formulated as follows :— 
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Here every successive period is represented in the first series by two 
terms, in the second by three, and in the third by four; the “ period” in 
each case repeating itself indefinitely like a circulating decimal, so as to 
represent in this repetition the indefinitely extended life of the species, while 
the life of the individual is expressed by each “ period’”’ singly. 

It will be noted that the “terms” which, in the above formule, combine 
to form a period may each consist of many zooids. Itis, in fact, very rare to 
find any term consisting of but one zooid. As an example of this latter 
condition, Corymorpha nutans may be adduced. In this hydroid, whose 
life-series belongs to the binary type, the polypite term, aa’a’,... &e., 
consists of a single zooid, while the gonophore term, b b' 6”, . . . &c., may 
consist of a vast number of zooids,—the single polypite piving origin to 
numerous gonophores in the form of free medusa-buds. In almost every 
other case, however, the simple polypite becomes, by gemmation, a com- 
posite trophosome. 

Direct Development of the Medusa from the Egg. Metamorphosis.—A 
question, however, of great importance still remains for discussion; for we 
have yet to determine whether the phenomenon of the so-called alternation 
of generations is a universal fact among the Hrproma, presented by every 
species in the course of its development. 

In by far the majority of cases in which the development has been suc- 
cessfully traced, the life-series of the individual has presented a polypoid 
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non-sexual term intermediate between the ovum and the sexual moedusal 
term. 

Against the absolute universality of this law, however, certain observs- 
tions have been adduced as tending to show that, in some cases, a direct 
development from the egg to the medusa takes place without the interven- 
tion of a non-sexual trophosome. Nevertheless a careful examination of 
those cases will render it evident that, with one sole exception, they afford 
no proof of the direct development of the medusa from the egg. As, how- 
ever, the observations referred to present examples of a true metamorphosis, 
and are in other respects by no means without interest in the preseat 
inquiry, I shall here give an analysis of them, with the view of rendering 
apparent their real bearing and significance. 

I shall first notice a set of observations which have been made upon 
certain meduse belonging to the family of the Aginida—a group, howerer, 
with regard to whose exact systematic position there is some uncertamty, 
since in many of their characters they approach nearest to the true hydroid 
medusa, while in others they look towards the Discophora. 

Whatever view we may be disposed to take of their nearest affinities, the 
Aiginide possess so many points in common with the Hyproma, that the 
developmental phenomena observed among them can scarcely be overlooked 
in the present inquiry. 

The first important observation bearing directly on this question is due to 
Joh, Miiller*, who frequently captured, in the sea at Marseilles and Nice, 8 
minute free-swimming hydroid. It was of an oval form, about half a line m 
its longer diameter, ciliated over its entire surface, with two tentacula-hke 
processes near one end, and having at the opposite end an opening which led 
into a central cavity. 

Miiller considers this little animal to have been developed direetly from 
the egg, and from its resemblance to a peculiar two-tentacled medass 
which he obtained in considerable abundance at Nice, he believes himse! 
justified in regarding it as one of the stages in the development of this 
medusa, into which he supposes it to pass by direct metamorphosis. He 
refers it to the genus Zginopsis, Brandt, and names it Aiginopsis Medsterrantt, 
Miill. Miiller does not seem to have obtained any specimens of his d. Moat- 
terranea so far advanced as to present traces of the generative elements; bat 
his observations have been in this respect supplemented by Kollikerf, 
who afterwards obtained the same species at Messina in a sexually mature 
state. 

Now we cannot overlook the fact that Miiller has not, in the above c#%, 
traced his ciliated hydroid through a continuous series of developmental phas# 
into the adult form of Aiginopsis ; and, without denying the probability thet 
the ciliated bitentacular hydroid is really the larva of the diginopns, ¥° 
cannot regard this relation as absolutely proved, while there is no evidence 
whatever that the ciliated form is the immediate result of the developmatt 
of an ovum. Indeed, its remarkable resemblance to the singular gener 
zooid of Dicoryne (see above, p. 365) would seem to show the probebilfy a 
another origin than that by direct development from the ogg. Miler, 
apparently by the analogy of the planula-stage of the Hydroda, considers 
the ciliated condition of the surface as affording evidence of such 6 @ ted 
development; but the fact that the Dicoryne-zooid is also richly oilis 
over its whole surface shows that this argument goes for nothing. 

' * Miiller’s Archiv, 1851, p. 272. 
+ Zeit. f. wissen. Zool. val. iv. p. 327. 
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A curious observation of importance in the present inquiry was made by 
Kolliker*, who found at Messina, in the stomach-cavity of a 10-tentacled 
medusa, evidently belonging to the family of the Aginida, and which he 
describes under the name of Zurystoma rubiginosum, Koll., a number of small 
organisms, resembling meduse in various stages of development, and which 
he believed he could follow from stage to stage until he found them assume 
the form of a 16-tentacled medusa. To this last, which, as is evident from 
his description, also belongs to the family of the 2ginida, he gives the name 
of Stenogaster complanatus, Koll. 

The great difference between these two meduse appears to Kolliker suffi- 
cient proof that the one could not have been produced by the other, and he 
regards the young Stenogasters as included accidentally in the stomach of the 
Kurystoma. He views, however, the young brood of Stenogaster, exhibiting 
as it does various steps in a metamorphosis, as affording evidence of the 
direet development of Stenogaster from the egg. It is, nevertheless, plain 
that there are no more valid grounds for such a conclusion in this instance 
than in Miiller’s case of Aginopas. 

Some very valuable observations bearing upon this subject have been 
made by M°Cradyt on another member of the Aginide. He observed lying 
free in the umbrella-cavity of one of the Oceanidea, to which he gives the 
name of Turritopsis nutricula, M°C., multitudes of little animals, presenting 
various forms, from that of a minute club-shaped hydroid to that of a well- 
developed medusa belonging to the type of the Aginide, and all undoubtedly 
connected with one another as stages of a simple developmental process. 

Though he at first believed these to be the proper offspring of the Zurri- 
topsis in which they occurred, he afterwards rejected this notion, and recog- 
nized in them the young of a species of Cuniwna (Cunina octonaria, M°C.), 
which had selected the umbrella-cavity of the Oceanidan in order to spend 
there as parasites the early stages of their existence. 

M‘Crady views this case as presenting an instance of direct development 
from the ovum, believing that the Cunina originally gained access to the 
umbrella of the Turritopsis in the condition of a free-swimming planula. 
The untentaculated, club-shaped larva (the earliest stage observed) was fol- 
lowed by a bitentaculate hydroid form with long imperforate proboscis and 
distinct internal digestive cavity; and he noticed the interesting fact that 
this bitentacular stage freely repeats itself by budding. Next, two other 
tentacles make their appearance symmetrically between those first formed, 
while the extremity of the proboscis seems now to be perforated by a mouth, 
The umbrella next begins to make its appearance by an annular extension of 
the circumference of the body just below or at the oral side of the roots of 
the tentacles; and four new tentacles begin to sprout between those already 
formed, while lithocysts become developed on the margin of the incipient 
umbrella. After this the larva assumes the form of an adult Cunina in all 
essential points, except in the possession of a long proboscis, like that of a 
Geryonia, in which stage it leaves the umbrella-cavity of the Turritopsis to 
spend a free life in the surrounding water. It is only after it has quitted 
the medusa on which it had been hitherto living as a parasite that it loses 
ites proboscis, and that the digestive cavity thereby assumes the form charac- 
teristic of the family of the Aginide. 

M°Crady’s observations are made with great care, and the various steps in 
the transformation have been fully and satisfactorily traced; but still there 


* Zeit. £ wissen. Zool. 1843, p. 327. 
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is the same absence of evidence as to the origin of the earliest observed 
stage. 

Now, so far from the three cases just detailed affording evidence of direct 
development from the egg, I believe that the evidence is altogether on the 
other side, and that we are more justified in regarding the earliest stage ob- 
served in each case as the immediate result of an act of gemmation, if not 
from a polypoid trophosome, at least from a previously existing medusa. 
The following three sets of observations made in this same family of the 
Atginide afford a clue to the true interpretation of the above-mentioned 
cases. 

Gegenbaur® observed buds produced from the inner surface of the stomach- 
walls of a medusa, which he named at the time Cunina prolifera, though he 
afterwards referred it to the genus 4gineta,Gegenb.t He traced the deve- 
lopment of these buds into a form closely resembling that of the parent 
medusa; they then become free in the surrounding water; and he does not 
seem to have followed them in their further progress. 

Kefferstein and Ehlers also observed buds proceed from the stomach- 
walls of a species of Aigineta (41. gemmifera, Keff. & Ehl.). They traced 
them through their development up to a point when they found them to 
acquire neurly the form of the parent medusa. 

These two cases are thus instances of gemmation followed by metamor- 
phosis, and render it probable that the developmental series observed by 
Johannes Miiller, by Kolliker, and by M‘Crady had their origin in a bad 
rather than in an ovum. 

We have, however, a third case of especial interest in this inquiry, and 
one which seems to throw considerable light on the curious observation of 
Kolliker above mentioned, in which a brood of 16-tentacled medusse was 
found in the stomach of a 10-tentacled form. The case to which I allude is 
recorded by Fritz Miiller§, who describes the formation of ciliated buds from 
the internal surface of the stomach in an 8-tontacled Cunina, which he names 
C. Kollikert, Fr. Miill. He traced these buds through various stages until he 
saw them detach themselves, and swim free in the cavity of the stomach. 
Here they underwent further development, which he continued to observe 
until he saw them transformed into true Cunina, differing, however, from 
the parent by the fact of their having twelve tentacles and twelve stomach- 
pouches instead of eight, the number characterizing the medusa which gare 
origin to them. Beyond this point Miiller lost sight of them, and we are 
accordingly ignorant of their further changes and ultimate destination. 

This case renders it highly probable that the 16-tentacled Stenogasters 
observed by Kélliker in the stomach of a 10-tentacled Hurystoma originated 
in an act of gemmation from the Zurystoma. M°Crady’s case, however, where 
young Cunine were found in the umbrella-cavity of an Oceanidan, would 
seem to be one of true parasitism, the contained forms being here evidently 
in no way genetically related to the containing one. 

The whole of the observations now detailed, beginning with that of Joh. 
Miiller on Zyinopsis, afford a valuable contribution to our knowledge of the 
life-history of the very aberrant group of meduse which constitute the family 
of the Zyinide. Some of them afford direct proof that in certain cases the 
meduse of this family give origin to buds which detach themselves from the 
parent at a very early period of their existence and in a very imperfect con- 
dition, and then pass through a series of metamorphoses before arriving st 


* Generationswechsel, p. 56. t Zeit. f. wissen. Zool. 1857, p. 202. 
$ Zoclogische Beitriige in Neapel u. Messina, 1861. § Wiegmann’s Archiv, 1301. 
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their adult state, while the phenomena presented by the other instances— 
those in which gemmation has not been directly observed—render it highly 
probable that the young forms seen in such instances are due also to an act 
of budding, followed, as in those cases where budding has been proved, by 
metamorphic changes; but whether in any of these cascs the bud is destined 
to repeat exactly the parent form, or is only one term in a more extended 
life-series, we have not yet evidence to enable us to determine; while in no 
instance is there any proof whatever of the direct development of the medusa 
from the egg without the intervention of a non-sexual trophosome. 

In two families of undoubted hydroid medusw@ some observations have 
also been made, showing that the medusa passes during the free period of its 
existence through a series of well-marked metamorphoses before arriving at 
the adult state, resembling in this respect the Aginide whose metamorphoses 
have just been described. 

Two such cases have been recorded. The first is one mentioned by 
Gegenbaur*, and adduced by him as a case of direct development from tho 
egg. He describes a minute animal which he discovered swimming free in 
the sea. It was in shape somewhat like an inverted flask, measuring about 
0-05 of a line in diameter, having the base of the neck surrounded by a circle of 
three or four short tentacles, with four minute lithocysts between them. The 
entire animal, even to the tips of the tentacles, was thickly clothed with fine 
cilia. 

He traced it through various successive stages, in which he observed, first, 
an increase in the length and number of the tentacles; then the formation of 
an internal cavity, and a widening of the body into a more disc-like form, 
accompanied by an elongation of the neck; then the circumference of the 
disc-like body became extended laterally, and gradually assumed an umbrella 
shape, while the base of the internal cavity at the same time extended itself 
into eight radiating tubes, which, at the circumference of the disc, became 
united by acircularcanal. It had thus assumed a complete medusa-form } of 
a line in diameter; and we now find it with numerous rigid tentacula, eight 
radiating canals, lithocysts, and a two-lobed mouth; while the cilia have at the 
same time disappeared from the general surface of the body, remaining only on 
that of the tentacles, which appear to retain them through life. Gegenbaur 
refers his medusa to a new genus and species under the name of Trachyncma 
eliata, which he regards as the type of a distinct family not far removed 
from the Eucopide ; but though he had met with specimens measuring 1 line 
in the diameter of the umbrella, he never witnessed in them the occurrence 
of sexual elements. 

Here again, though an undoubted metamorphosis from a free-swimming 
ciliated form is apparent, there is no evidence whatever to show that the 
earliest observed stage had proceeded directly from the egg—a conclusion to 
which Gegenbaur seems to have been chiefly led by the ciliated condition of 
this stage. We have, however, already seen that a ciliated surface affords no 
proof of direct development from the egg. 

The other case is one recorded by Fritz Miillert, who gives us an account 
of the metamorphosis of Lyriope Catharinensis, Fr. Miill., a medusa belonging 
to the family of the Geryontde. He obtained in the sea at Santa Catharina 
spherical transparent bodies from 0-2 to 0-3 mm. in diameter. In the interior 
of these was aspherical cavity, situated so excentrically that at one side it was 
separated from the external water only by a thin plate. He next observed 
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this plate to become perforated in the centre, while its contractions rendered 
it easily recognizable as a velum. Next, four tentacles began to sprout out 
from the circumference of the velum, and then four others between them, 
while a gastrovascular system, consisting of radiating and circular canals, had 
hecome visible, and the shallow manubrium might be seen in the bottom of 
the cavity. The first four tentacles were only temporary, being destined to 
disappear during the growth of the young medusa, while the second set 
remained as short rigid filaments. In the next place four other tentacles, 
long and eminently contractile, made their appearance, as permanent organs, 
near the bases of the temporary ones, while lithocysts had become developed 
near the bases of both the rigid and the contractile permanent tentacles. 
Finally, the manubrium elongated itself in the cavity of the umbrella, where 
it was itself borne on the extremity of a peduncle-like process from the roof; 
and the form of the adult Lyriope Catharinensis—the most abundant medusa 
of the surrounding seas—was thus ultimately attained. 

Here, again, as indeed Miiller himself admits, there is no evidence in 
favour of this being a case of direct development from the egg, the earliest 
stage observed having been found free in the sea, and certainly with none of 
the characteristics of an ovum; so that it is at least as likely that it should 
have been a free bud as a developing ovum. 

Thus far then not a single recorded observation affords evidence that the 
gymnophthalmic meduse ever originate directly by the development of an 
ovum. We have, however, one observation, and only one, in which the 
development of one of these meduss# has been traced backwards uninter- 
ruptedly to the egg and the parent medusa, without the intervention ef any 
intermediate polypoid form. 

For this important. observation we are indebted to Claparéde*, who obtained 
on the west coast of Scotland a species of Jizzia whose manubrium was 
loaded with eggs, some in an early stage, with the germinal vesicle and 
germinal spot still visible, while others contained an embryo in various stages 
of development. Similar ova, with the contained embryo, he also found 
floating free in the sea. 

The embryo, while still confined within the vitellary membrane, presented 
all the features of a young medusa: from the centre of the bell-shaped um- 
brella there depended a thick-walled manubrium, whose cavity extended iteelf 
into four radiating gastrovascular canals, which ran in the substance of 
the umbrella, and opened at the margin into a circular canal, while round the 
rnargin were to be seen the rudiments of eight tentacula. Claparéde’s ob- 
servations on the development of the embryo did not extend beyond this 
point; it is clear, however, that but slight changes were now needed to 
convert it into the form of the parent Zszzia. 


VI. HergnomErism OF THE INDIVIDUAL. 


From the facts now mentioned, it will be at once apparent that the Hy- 
droida present to a most remarkable extent a phenomenon which may be 
described as the heteromerism of the individual. The term individual, in its 
proper zoological conception, must be understood im the sense so happily 
insisted on by Huxley, when he defined it as ‘ the total result of the deve- 
lopment of a single ovum”. It is the true logical element of which the 


_ * Zeit. f. wissen. Zool. 1860, p. 401. 
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species is composed, and a proper conception of ita heteromeriam is of vital 
importance in any attempt at the determination of affinities and a philoso~ 
phical arrangement of species. _ 

With scarcely an exception then, so far as we yet know, every hydroid 
consists at one period of its life of an assembly of zooids, and the true zoolo- . 
gical individual is in reality the sum of all these zooids, whether they remain 
permanently associated or detach themselves from one another in order to 
become henceforth independent organisms. 

This remarkable phenomenon may be termed the Polymerism of the Indi- 
eidual. But the peculiar characters of the hydroid individual do not stop 
with mere polymerism ; the zooids composing it may, and, so far as our know- 
ledge extends, always do present a greater or less amount of dissimilarity 
among each other, 60 that the individual is not merely polymeric, it is also 
heteromeric ; and this distinction is of importance to be kept in mind; if we 
would form an adequate conception of the true hydroid individual *. 

- The extent to which heteromerism may be carried varies in different 
species. We may have the total result of the development of a single 
ovum composed of two different forms, or of three, or of four; in other 
words, the zooid elements whose sum constitutes the zoological individual 
may be dimorphic, trimorphic, or tetramorphic. Clava, Coryne, Tubularia, 
&o., present examples of dimorphism, the two forms here produced being 
the polypite and the gonophore. Dicoryne and most of the angiogonial 
hydroids afford examples of trimorphism—the gonoblastidium-form being 
in these cases added to those of the polypite and gonophore ; while in Lao- 
medea dichotoma, Campanularia Johnstoni, &c., we have instances of tetra~ 
morphism,—for in these hydroids the medusa which buds from the blasto- 
style properly remains sexless, giving rise by gemmation to the true sexual 
gonophore, which is in the form of a sporosac borne as a bud upon its 
radiating canals (see above, p.401). Hydractinia echinata also affords among 
the gymnogonial hydroids a very interesting example of tetramorphism. In 
this hydroid the colony is composed of four different forms of zooids. 1. The 
ordinary nutritive polypites. 2. The gonoblastidia destined for the support of 
the gonophores: these may be morphologically regarded as polypites arrested. 
in their development, the tentacles having become reduced to the condition 
of mere tubercles loaded with thread-cells, and the mouth remaining proba- 
bly in most cases undeveloped, though it would seem to be occasionally pre- 
sent; they may be easily compared to the blastostyle of the angiogonial 
genera. 3. The gonophores or imperfectly developed and disguised me- 
duse. 4. A set of peculiarly modified polypites, which, like the ordinary 
polypites, properly belong to the trophosome; the tentacles have become 
aborted in them, being represented only by small hemispherical groups of 


* The expression “heteromerism of the individual” is intended to convey nearly the 
same idea as Leuckart's ‘‘ polymorphism of the individual” (see Leuckart, Ueber den 
used by Louckart for the separate’sootda, which are, properly speaking, only the slemgats 

or te zooids, which are, properly ing, 0 elements 
of which the zoological individual is composed ; so that, vith our present conception of an 
sndévidual as the logical element of the species, the expression “ polymorphism of the indi- 
vidual” would have a different meaning from that which Leu has sesigned to it. I 
have therefore, instead of ‘‘ polymorphism of the individual,” used the phrase “ hetero- 
merism (érepos, pépos) of the individual,” which easily conveys the intended meaning ; 
while we may use that of ‘‘ polymorphism of the zooids” to express the fact that the sooi 
are not all of the same form. The phrases ‘“heteromeriam of the individual ” and “ poly- 
meriam of the individual” may, it is true, be objected to on the grounds that they are wolf. 
contradictory ; but this is the result of the new ideas which have become involved in our 
conception of the biological individual, whieh is rio longer necessarily “ indéieiduns.”’ 
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thread-cells, while the body has become much elongated and attenuated, 
and admits of being spontaneously thrown into convolutions twisted spirally 
in a plane at right angles to the common basis of the colony. This form 
occurs only at the extreme edge of the colony, close to the orifice of the uni- 
valve shell on which the hydroid has fixed itself. 

Of the above four forms of zooids, it may however be doubted whether the 
long attenuated spiral polypites be not merely, notwithstanding their con- 
stancy, an abnormal departure from the normally developed polypite, due to 
the unfavourable conditions of constant attrition and other disturbances to 
which the colony is exposed at the extreme margin of the shell. I have in- 
deed, at a little distance within the margin, met with forms intermediate be- 
tween these and the ordinary polypites, being spirally twisted like the former, 
but having developed tentacles like the latter. Agassiz regards the spiral 
form as a modified reproductive polypite or gonoblastidium, but I cannot 
find that he has ever seen it bearing gonophores, while the intermediate form 
jast mentioned seems to decide in favour of its belonging to the nutritive 
rather than to the reproductive zooids of the colony. According to Agassiz, 
the spiral polypites are occasionally branched in his H. polyclina*®. 

Another remarkable example of tetramorphism is afforded by Plumularia 
and the allied genera, in all of which, besides polypite, gonoblastidium, and 
gonophore, we find entering into the composition of the colony the curious 
zooids to which the name of “ nematophore” has been given, and which are 
described above. Here, indeed, heteromerism, as distinguished from mere 
polymerism, would seem to attain its maximum, the nematophores being formed 
upon a type which we have been hitherto in the habit of regarding as exclu- 
sively belonging to the Rutzoropa. = -‘:° |: 

It will be at once perceived that the phenomena of heteromerism just de- 
scribed must be distinguished from the regular genetic succession of polymor- 
phic terms involved in the conception of “ alternation of generations ;” for 
any one of the “terms” which combine to form a “ period ” (individual) in 
the life of the species (see above, p. 417) may be itself composed of hetero~ 
morphic zooids, without thereby altering the particular type of alternation, 
whether binary, ternary, or quaternary. Thus, while in Hydractinta the 
type of alternation is ternary, the type of heteromerism is quaternary. 


T have already (seo above, p. 359) referred to the impossibility of forming 
natural groups in any arrangement of the animals which form the subject of 
the present Report, without embracing the entire “ hydrosoma ; ” and I have 
endeavoured to show that neither trophosome nor gonosome can of itself, as 
long as we are ignorant of the other, afford characters sufficient for the defi- 
nition of any classificatory group. | 

As long as we admit the axiom that the species is composed of individuals, 
it is manifest that, unless the individual be known to us, we have not data for 
the definition of the species. Now for the conception of individual in its 
biological sense (the only one which in this question we have anything to do 
with) absolute organic continuity is not necessary, for the individual may be 
itself, as we now know, composed of zooids which aré equally parts of it, whe- 
ther they all remain in continuity with one another or become separate and 

* Wright, who was the first, to call attention to the spiral polypites of Hydractiniu, also 
describes (Edin. Phil. Journ.) what he views as a distinct form of zooid, in the shape of 
long tapéring filaments, occupying, like tho spiral polypites, the extreme margin of the 
shell. . These filaments, however, are certainly not constant, nor are they even usually 

t; and I do not hesitate to regard them as an abnormal state of the ordinary poly- 
pite, due to the unfavourable conditions to which it has become exposed. 
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independent organisms. Further, we know that in the hydroid individual we 
may not only have independence of zooids, but polymorphism of zooids; so 
that a knowledge of any one zooid-form may give us a totally inadequate con- 
ception of the true individual form. It is on this account that, before we can 
expect to construct classificatory groups upon a solid basis, we must deter- 
mino the whole life-formula of the endividual. 

Now it must be admitted that the practical application of this principle is 
by no means free from difficulty, and that in those cases where the medusa 
detaches itself from the rest of the hydrosoma in order to lead an independent 
existence, the synthesis of the individual by the reassociation of its consti- 
tuent zooids is often far from being an easy task. 

One of the chief sources of this difficulty is found in the fact that the me- 
dusa at the time of its liberation has not yet attained its adult condition, and 
may still undergo great changes of form before arriving at maturity, while we 
necessarily lose sight of it in the interval, and can therefore, in most cases, 
only by inference identify the free-swimming adult medusa with the young 
form which we know to have originated in some definite trophosome. 

But, besides this, numerous adult meduse are known of whose trophosome 
we have not as yet any indication, though there can be scarcely a doubt that, 
like the others, the great majority of these have also their polypoid tropho- 
some. It is plain that any attempt to arrange these meduse into species and 
genera must be purely provisional—so much so indeed that we may have two 
meduse between which it would be impossible to find specific differences, and 
yet their trophosomes may be widely different from one another, while, on the 
other hand, two very different meduse may have trophosomes specifically in- 
distinguishable. | 

In opposition however to this view, it has been asserted that similar tro- 
phosomes are always associated with similar meduse. Thus Agassiz, finding 
the same form of medussee—that, namely, which has been described under the 
generic appellation of Sarsia—originating from polypoid trophosomes which 
present no differences of generic value, and are accordingly included in our 
systems under a single generic name, that of Coryne, and finding, more- 
over, that this is the case in species gathered both upon the east and west 
shores of the Atlantic and upon the North American shores of the Pacific, 
concludes “ that meduse which are generically identical arise from hydroids 
bearing identical generic relations’’®. 

A little consideration, however, will show that this view is untenable; for 
s comprehensive survey of the Hrprorpa has distinctly proved that the amount 
of divergence between two different trophosomes is by no means a certain 
measure of the divergence between their gonosomes. 

If we were to imagine for a moment that a phanerocodonic and an adelo- 
codonic gonophore were independent organisms, instead of being mere zooids 
associated with others in a complex hydrosoma, we should not hesitate to 

rd the differences between them as of at least generic value, and yet we 
may have the trophosomes from which these two forms of gonophore respect- 
ively spring presenting no differences which would justify us in regarding 
them as more widely separated from one another than two species of a com- 
mon genus. We need only compare the Laomedea flexuosa, for example, 
and its simple fixed sac-like gonophores, with the Laomedea geniculata and its 
free disc-shaped meduse, in order to be convinced how widely the gonosomes 
may differ, and yet the trophosomes present no difference of importance. 


* Agassiz, Nat. Hist. of the United States, vol. iv. p. 217. 
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But, to convince ourselves of this difference, it is not necessary to include 
in our comparison the fixed sac-like gonophores at all; for if we confine our- 
selves to those’ cases in which the companion lies between free medusee on 
the one hand and the trophosomes from which they spring on the other, we 
shall still find that the doctrine which would always refer similar medusse to 
similar trophosomes, and similar trophosomes to similar medus», though in a 
large proportion of cases it holds good, cannot be absolutely maintained. 

On this point we have an important observation made by Hincks, who 
found the meduse produced by the Stauridia producta, Wright, indistin- 
guishable from those of Coryne eximia, Allm., and yet the two trophosomes 
have justly been regarded as presenting generic differences. 

Again, we are not without cases of the converse of this phenomenon, that 
is, cases of trophosomes closely resembling one another, and yet producing 
widely different meduss. Compare in this respect the Coryne eximia, Allm., 
and the Coryne implexa, Alder. No one would venture, from a com- 
parison of the trophosomes alone, to place these hydroids in different genera ; 
and yet their meduse are separated from one another by characters which, 
if we were treating organisms originally independent, would be regarded as 
at least generic; for while the medusa of Coryne eximia would, in accord- 
ance with the received classification, be an Oceanta*, that of C. tmplexa 
would be a Zanclea, Gegenb. 

Fer more rare then the cases in which known meduse have not yet been 
referred to known trophosomes are those in which the gonosomes of known 
trophosomes have not yet been discovered; and even these will rapidly dis- 
appear under the laborious scrutiny to which the whole of this department of 
zoology is now being subjected. Until this happens, however, our charac- 
terization of species cannot be otherwise than incomplete ; for no such 
group can be valid which is founded only on one part of every individual 
composing it, the other part remaining unknown. 


An Account of Meteorological and Physical Observations in Five 
Balloon Ascenis in the year 1863 (tn continuation of eight made in 
the preceding year), under the auspices of the Committee of the 
British Association for the Advancement of Science, by Jauxs 
GriaisHER, F.R.S., at the request of the Committee, consisting of 
Colonel Sykes, the Astronomer Royal, Lord Wrottesley, Sir D. 

| Brewster, Sir J. Herschel, Dr. Lloyd, Admiral FitzRoy, Dr. Lee, 
Dr. Robinson, Mr. Gassiot, Mr. Glaisher, Prof. Tyndall, Dr. Fair- 
bairn, and Dr. W. A. Miller. 


THE principal efforts of the Committee in this series were the extension of the 
experiments begen last year to the spring months, and particularly during the 
prevalence of easterly winds. 


§ 1. Ossxcrs or TaE Experiments: INsrRUMENTS AND APPARATUS: 
Were the same as those detailed in the preceding Report; im addition, how- 
ever, Sir John Herschel’s actinometer was used when possible for the purpose 
of determining the actinic effects of the sun at different elevations ; and on 
two or three occasions the solar spectrum was examined by means of a spec- 
troscope, lent for the purpose by the Astronomer Royal, being the same in- 

* In the sense in which this genus has been limited by Forbes. 


ON FIVE BALLOON ASCENTS IN 18638. 427 


strument used by Professor Smyth on the Peak of Teneriffe, but somewhat 
altered by Mr. Simms to adapt it to the limited space in the balloon. 


§ 2. OnsERvine ARRANGEMENTS 


Were in principle the same as those of the preceding year, the only alterations 
made being those necessitated by the use of new instruments. 


Circumstances of the Ascenis, and General Observations. 


The ascents were all made by Mr. Coxwell’s large balloon, as in the preceding 
year,—four from the Crystal Palace, Sydenham, and one from Wolverton. 

Ascent from the Crystal Palace, March 31.—The day was favourable, the 
wind was from the Kast, in gentle motion, the sky was blue and almost 
cloudless. We left the earth at 4° 16™ p.™., and passed upwards with a very 
nearly even motion to the height of 19,000 feet; continued about this level 
for some little time, and then gradually ascended to a height of 24,000 feet, 
which we attained at 5° 28", or in 1" 12” after starting. On opening the valve, 
though it seemed to be but momentary, we descended 14-mile in 4 minutes ; 
this rapid descent was checked by parting with sand, and for half an hour we 
kept very nearly upon a level, between 15,000 and 16,000 feet high; after 
this we gradually and almost continually declined, and reached the earth at 
6* 26”, the descent having been accomplished in 58 minutes. 

The temperature of the air was 50° on the ground, and the air was more 
nearly in a norma! state than I had ever before seen it ; almost every successive 
reading of the thermometer was less than the preceding in ascending, and 
greater on descending; the departures from these necessary conditions in a 
normal state were very small on this occasion. The temperature was just 
zero at its highest point, and 42° on the ground. There had, therefore, on 
the earth been a decline of 8° during the 25 10" we were away; and if the 
numbers on the same level be compared, it will be seen that all those when 
descending are lower than those ascending, indicating that the whole mass of 
air was declining in temperature as that in immediate contact with the earth, 
though possibly to a less degree. 

Almost free as this day. was from disturbing causes, yet there existed both 
warm and cold currents of air. 

The temperature of each layer of air was different according to its direction 
of motion, and there were several different currents met with. Within 2 
miles of the earth the wind was East, between 2 and 3 miles high it was di- 
rectly opposite, viz., West ; about 3 miles it was N.E., higher still it changed 
to the opposite, viz., 8.W., and about 4 miles, including the highest point, it 
was W. 

On descending, at 6" 15" we fell into a S8.E. current, and moved towards 
London. 

When nearly 4 miles high we traced the smoke from a furnace chimney, 
moving towards the West; aftera time it turned more towards the East, then 
changed its direction two or three times, and finally followed us on our level. 

At the greatest height the sky was of the deepest Prussian blue, the streets 
of London could be picked out as lines, and the squares could easily be seen, 
having all the appearance of an engineer’s plan. 

The river wound like a serpent; passing the eye down it, ships looked like 
little boats to beyond the Medway, where they were lost; the white cliffs of 
Margate were plainly seen; the sea beyond Deal and Dover was visible, but 
not the French coast. The coast-line was seen passing down the northern 
side of the Thames to Harwich and up to Yarmouth, with the sea beyond. 
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Mr. Coxwell said he could see Ipswich. Looking South, Brighton was visible, 
the sea boyond, and all up to Dover; the North was obscured by clouds and 
mist. The West was not as clear as the East, but the sun shone on the 
Thames at Windsor, giving it the appearance of burnished gold. 

At Putney the rippling of the water at its edges was like molten silver, 
and all the country within these limits was map-like, every field being distinct 
in the suburbs of London, gradually diminishing in size as the distance from 
London increased. Greenwich Park was visible, the Observatory apparently 
a grey speck. We touched the ground at 6° 30" in a field belonging to Mr- 
G. Brown, Gaysthorn Hall, Barking Side, Essex. 

Ascent from the Crystal. Palace, April 18.—The balloon was partially filled 
during the evening of April 17, with the view of starting early the following 
morning. The atmosphere was at this time thick and misty; the wind on 
the earth was N.E., but pilot balloons, on attaining a moderate elevation, 
fell into a north current; the wind was moving at an estimated velocity of 
40 miles an hour, and the ascent was delayed hour after hour in hopes that 
the upper current would change to N.E. 

At 1° p.m., when the sky was nearly covered with clouds and there were oc- 
sional gleams of sunshine, the ascent was decided upon, although it was 
evident it could not be one of long duration, unless the wind should change 
its direction, or we crossed the Channel; Mr. Coxwell did not, however, think 
it prudent to attempt the latter without other and special arrangements : whilst 
discussing this, the rope, our only connecting-link with the earth, broke, and 
at 1° 17" we started very unceremoniously, the balloon taking a lurch: Mr. 
Coxwell was partly jerked over the side of the car, and I was thrown among 
my instruments, and unfortunately both Daniell’s and Regnault’s hygrometers 
were broken. Within 3 minutes we were more than 3000 feet high ; at 4000 
feet cumulus clouds were on our level, and a thick mist rested everywhere on 
the earth. At 1" 26™ we were 7000 feet high, in a thick mist which almost 
amounted to a fog ; the temperature of the air continued at 32° nearly, whilst 
that of the dew-point increased several degrees; on passing out of the cloud 
these two temperatures very suddenly separated, the latter decreasing rapidly ; 
the sky was of a deep blue, without a cloud on its surface. 

At 1" 30™ we were 10,000 feet high ; directly under us was a sea of clouds ; 
the towers of the Crystal Palace were visible, and by them we found we were 
moving South. The temperature before starting was 61°; it decreased to 
32° on reaching the cloud, and continued at this reading whilst in it, then sud- 
denly fell to 231° on leaving the cloud, and was either less or the same at 
every successive reading till we reached the height of 20,000 feet, when the 
lowest temperature was noticed. 

On passing above 4 miles the temperature increased to 141°, and then 
declined to 121° at the highest point, viz. 24,000 feet, in 1 hour and 13 mi- 
nutes after starting. When we were just 4 miles high, on descending, Mr. 
Coxwell began to reflect that possibly we might have been moving more 
quickly than we expected, and that it was necessary to descend till we could 
see the earth ; he opened the valve rather freely at 2" 34™, and we descended 
a mile in 3 minutes; we descended quickly but less rapidly through the next 
mile, and reached the clouds at 12,000 feet from the earth at 2" 42™; on 
breaking through them at 2° 44™, still 10,000 feet from the earth, I was 
busy with my instruments, when I heard Mr. Coxwell exclaim, *‘ What's 
that ?” he had caught sight of Beachey Head. I looked over the car and the sea 
seemed to be under us. Mr. Coxwell again exclaimed, “ There is not a moment 
to spare, we must save the land at all risks; leave the instruments.” Mr. 
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Coxwell almost hung to the valve-line, telling me to do the same, and not to 
mind cutting my hand. It was a bold decision, and was boldly carried out. 

When a mile high the earth seemed to be quickly coming up to us, and 
we struck the ground at 2" 48™ at Newhaven, very near the sea; but the 
balloon, by the very free use of the valve-line, was so crippled, that it did 
not move afterwards. Nearly all the instruments were broken, and, to my 
great regret, three very delicate and beautiful thermometers, specially sent 

to me for these observations by M. A. D’Abbadie, were broken. 
' Ascent from the North-Western Railway Works at Wolverton, June 26.— 
In this ascent the Directors of the North-Western Railway provided the gas, 
and gave every facility to Members of the Committee of the British Associa- 
tion and their friends to be present. 

The gasometers at Wolverton are too small to hold gas enough to fill the 
balloon, it was therefore partially inflated the night before, and remained out 
all night without being influenced by the slightest wind; the morning of the 
ascent was also calm; the sky was of a deep blue, implying the presence 
of but little vapour ; the atmosphere was bright and clear, and all circum- 
stances were of the most promising kind. The time of ascent was fixed to take 
place some little time after the express train from London should arrive, or at 
a little after noon, and the completion of the filling was somewhat delayed, 
the extraordinary fineness of the morning promising its completion in a short 
time. Between 11 and 12 o’clock all these favourable circumstances changed ; 
the sky became covered with clouds, some of them of a stormy character, 
the wind rose and blew strongly, the balloon lurched a great deal: much 
difficulty was experienced in passing the gas into the balloon, and sufficient 
could not be passed in by 1 o’clock. The wind was momentarily increasing, 
and it became very desirable to be away. 

The greatest difficulty was experienced in fixing the instruments, which 
would have been broken but for Mr. Negretti, who had come from London to 
assist me, and who protected them even at the hazard of being hurt by the 
violent swaying of the balloon’ and the incessant striking of the car upon 
the ground, notwithstanding the united exertions of many men to hold it. 

At the time of leaving the spring catch was jammed so tight by the pressure 
of the wind that it would not act, and we were let free by the simultaneous 
yielding of the men, and had to part instantly with ballast to avoid striking 
adjacent buildings. 

It was 3" after 1" p.m. when we left the earth, with a strong W.S.W. wind. 
The temperature was 65°. In 4 minutes we were 4000 feet high, and entered 
a cloud with a temperature of 50°, experiencing a most painful feeling of 
cold, particularly Mr. Coxwell, who at the moment of leaving was over- 
heated from his great exertions, and owing to his anxiety about the change 
in the weather had left without any extra clothing. As on all previous oc- 
casions, we expected soon to break through the clouds into a flood of strong 
sunlight, with a beautiful blue sky, without a cloud above us, and with seas 
of rocky clouds below ; but, on the contrary, when we emerged all looked dark 
both above and below ; we could see the earth, but it was dark and dull, and 
without colour; above us there were clouds. At 9000 feet high we were 
both struck with a sighing, or rather moaning of the wind, such as precedes a 
storm ; it was the first time that either Mr. Coxwell or myself had ever heard 
such a sound in the air. We satisfied ourselves that it was in no way attri- 
butable to any movement of the cordage about the balloon, but that it was 
owing to conflicting currents of air beneath. At this time we saw the sun 
very faintly, and momentarily expected its brilliancy to increase ; but instead 
of this, although we were now 2 miles high, we entered a fog, losing entirely 
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the sight of the sun; shortly afterwards fine rain fell upon us. We then 
entered a dry fog, passed out of it at 12,000 feet, saw the sun again faintly 
for a short time, and then entered a wetting fog. 

At 15,000 feet we were still in fog, but it was not so wetting; at 16,000 
feet we entered a dry fog; at 17,000 feet saw faint gleams of the sun, and 
heard a train. We were now about 3 miles high; at this time we were not 
in cloud, but clouds were below us; others on our level at a distance, and 
yet more above us. We looked with astonishment at each other, and said 
as we were rising steadily, we surely must soon pass through them. At 
17,500 feet we were again enveloped in fog, which became wetting at 18,500 
feet ; we left this cloud below at 19,600 feet. At 20,000 feet the sun was — 
just ‘visible. We were now approaching 4 miles high; dense clouds were 
still above us; for a space of 2000 to 3000 feet we met with no fog, bat on 
passing above ‘4 miles our attention was first attracted to a dark mass of cloud, 
and then to another on our level ; both these clouds had fringed edges, they were 
both nimbi. Without the slightest doubt both these dark clouds were regular 
rain-clouds; whilst looking at them we again lost sight of everything, being 
enveloped in fog whilst passing upwards through 1000 feet. At 22,000 feet 
we again emerged, and were above clouds on passing above 23,000 feet. At 
6 minutes to 2 o’clock we heard a railway-train ; the temperature here was 
18°. I wished still to ascend to find the limits of this vapour, but Mr. Coxwell 
said we are “‘too short of sand, I cannot go higher; we must not even stop 
here.” I was therefore most reluctantly compelled to abandon the wish, and 
looked searchingly around. At this highest point, in close proximity to us, 
were rain-clouds ; below us dense fog. J was again reminded that we must 
not stop. With a hasty glance everywhere, above, below, around, I saw the 
sky nearly covered with dark clouds of a stratus character, with cirri still 
higher, and small spaces of blue sky between them; the blue was not the 
blue of 4 or 5 miles high as I had always before seen it, but a faint blue, as 
seen from the earth when the air is charged with moisture. 

Hastily glancing over the whole scene, there were no extensive, fine or pic- 
turesque views, as in such situations I had always before seen. The visible 
area was limited; the atmosphere was murky, the clouds were confused, and 
the aspect everywhere dull. I cannot avoid expressing the surprise I heve 
felt at the extraordinary power which a situation like this calls forth, when 
a few moments only can be devoted to note down all appearances and all 
circumstances, and if not so rapidly gleaned they are lost for ever. Under 
such circumstances, every appearance of the most trivial kind is noticed ; the 
eye seems to become keener, the brain more active, and every sense increased 
in power to meet the necessities of the case; and when we look back after 
the lapse of time, it is wonderful -how distinctly at any moment scenes so 
witnessed can be recalled, and made to reappear mentally in all their details. 

We then began our downward journey, wondering whether we should meet 
the same phenomena; soon we were enveloped in fog, but passed below it 
when at 22,000 feet, and saw the sun faintly. At 20,000 feet we were in a 
wetting fog and passed beneath it at 19,500 feet, experiencing great chilli- 
ness ; fog was then above and below. I now wished to ascend into the fog 
again, to check the accuracy of my readings as to its temperature, and the 
reality of the chill we had felt, so we reascended. The temperature rose 
to its previous reading, and fell again on descending. From the same level, 
for a thousand feet, we passed down through a thick atmosphere, but not in 
cloud or fog. Looking below, all was dark and disturbed ; looking upwards, 
not much better. At the height of 18,000 feet we were again in fog. 
At 3 miles high we wore still in fog, and on passing just below 3 miles 
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rain fell pattering on the balloon. This was 1 mile higher than we e 
rienced rain on the ascent, and it was much heavier. On passing below 14,000 
feet we entered a snow-storm, and for a space of nearly 5000 feet we passed 
through a beautiful scene. There were no flakes in the air, the snow was 
entirely composed of spiculs of ice, of cross spicule at angles of 60° and 90°, 
and an innumerable number of snow-crystals, small in size but distinct, and 
of well-known forms, easily recognizable as they fell and remained on the coat. 
This unexpected circumstance of snow on asummer afternoon was all that was 
needed on this occasion to complete the experience of extreme heat of summer 
with the cold of winter within the range of a few hours. On passing below 
the snow, which we did when about 10,000 feet from the earth, we entered 
@ murky atmosphere, which continued till we reached the ground; indeed so 
thick, misty, and murky was the lower atmosphere, that although we passed 
nearly over Ely Cathedral, and not far from it, we were unable to see it. When 
5000 feet high we were without sand, and became simply a falling body, 
checked by the dexterity of Mr. Coxwell in throwing the lower part of the 
balloon into the shape of a parachute. 

The place of descent was in a field on the borders of the counties of Cam- 
bridge and Norfolk, 20 miles from the mouth of the Wash and 8 miles from 
Ely. 

Ascent from the Crystal Palace, July 11.—This ascent was intended to 
have been one of extreme height, and the promise of success in this respect 
was held out until near the time of starting, as pilot balloons had passed 
nearly due east, and indicated that our course would have been towards 
Devonshire, but so doubtful is the course a balloon will take that no certainty 
can be felt till the balloon has actually left. However, on this occasion 
pilot balloons, though at first moving towards the west, soon met with a north 
wind and went south. Under these circumstances the attempt to ascend five 
miles was abandoned, and we resolved to ascertain, as far as possible, the thick- 
nese of the stratum influenced by the east wind, to profit by the knowledge 
and have as long a journey as we could. 

At the time of leaving, 4° 55" p.u., the sky was nearly covered with cirrus 
and cirrostratus clouds, and the wind was blowing due east. In about 4 
minutes, and when at the height of about 2400 feet, the balloon suddenly 
changed from moving towards the west to moving due south. At 8 minutes 
past 5 we were over Croydon, at the height of 4600 feet, in mist, but could 
see the Green Man Hotel, Blackheath ; we then descended, passing down- 
wards through a thick atmosphere, till at 5° 32" we were 2200 feet high 
over Epsom Downs, and again within the influence of the east wind. We 
then turned to ascend, and at 5" 52™ were 3000 feet above Reigate ; here 
we could see Shooter’s Hill and the Crystal Palace, by the two towers of 
which we found we were again within the influence of a north wind. We 
then continued to ascend, with the view of ascertaining if we could pass above 
the north wind; at 6" 16", when at 5400 feet, the wind shifted to N.N.W. 
and the atmosphere became very thick and misty, the sun's place being just 
visible. At 6" 28" we were 6600 feet high, and the sun was wholly ob- 
scured ; we descended somewhat, but did not get below the mist. At6® 40™ 
we were 6200 feet high and directly over Horsham. 

We then ascended to 6600 feet again to repeat the observations I had 
made, and found that the temperature in the half hour had declined 2° or 3°, 
At this time, 6° 56", cirri and cirrostratus were very much higher than our- 
selves, and we saw the coast near Brighton. 

A consultation had been held whilst at this height with the view of crossing 
over to France, but our progress being so slow and the circumstances not 
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promising success, wefcame down with the view of again falling into the 
east wind, supposing it still to be prevalent. We met the north wind again 
at about 5000 feet, and the east wind at exactly the same height, viz. 2400 
feet, at which we lost it on ascending. We descended to within 1000 feet 
of the earth and were near Worthing, at about 5 miles from the coast; we 
then ascended to 2700 feet, found ourselves moving towards the coast, and 
within the influence of a north wind; evidently, therefore, if we wished 
to continue our journey we must keep below 2400 feet, otherwise we 
should be blown out to sea. When again at the height of 2400 feet we 
turned to move parallel to the coast, being at this time over Arundel. Sheep 
in the fields were evidently very frightened, and they huddled together. We 
now descended to 800 feet, and thus journeyed at heights varying from 
800 to 1600 feet ; villagers frequently shouting to us to come down, and 
now and then answering our questions as to the locality we were in. The 
cheering cry of children was frequently heard above other sounds. Geese, 
cackling and frightened, scuttled off to their farms. Pheasants crowed as 
they were going to roost; and as we approached the end of our journey packs 
of dogs barked in the wildest state of excitement at the balloon. 

Thus journeying, all motion seemed transferred to the landscape itself, 
which appeared when looking one way to be rising and coming toward us, 
and when looking the other sinking and receding from us. It was charmingly 
varied with parks, mansions, white roads, and in fact all the constituents of 
@ rural scene of extremely beautiful character. The place of descent was 
Goodwood Park, the seat of the Duke of Richmond. 

Ascent from the Crystal Palace, July 21.—The weather on this day was 
bad, the sky overcast and rainy. Although in every respect a thoroughly 
bad day, it was well suited to investigate, if possible, some points concerning 
the formation of rain in the clouds themselves; to determine why a much 
larger amount of rain is collected in a gauge near the surface of the earth, 
than in one placed at an elevation in the same locality; whether during rain 
the sir is saturated completely, or if not, to what extent; to discover the 
regulating causes of a rainfall sometimes occurring in large drops, at others 
in minute particles. 

So long back as the years 1842 and 1843 I made many experiments in 
order to ascertain why so great a difference in volume was found to exist 
in the water collected at lower stations as compared with that collected at 
higher. The experiments which yielded the best results were those in relation 
to temperature. I always found that when the rain was warm, with respect 
to the temperature of the air at the time, no difference existed in the quan- 
tities of rain collected at different heights; but when the temperature of the 
rain was lower than the temperature of the air, a considerable difference 
always existed. 

From this circumstance, it would appear probable that the difference in 
the quantities of rain collected at different heights is owing (at least in part) 
to the great condensation of the vapour in the lower atmosphere, through 
being in contact with the relatively cold rain. 

It was also desirable to confirm, or otherwise, Mr. Green’s deductions ; 
this gentleman believing that, whenever a fall of rain happens from an over- 
cast sky, there will invariably be found to exist another stratum of cloud at a 
certain elevation above the first. We left the earth at 4° 52™ p.m., and in 10 
seconds had ascended into the mist; in 20 seconds to a level with the clouds, 
but not through them. At the height of 1200 feet we passed out of this rain 
and overlooked a range of surrounding clouds, so dazzlingly white that it was 
with difficulty I could read the instruments furnished with ivory scales. At the 
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height of 2800 feet we emerged from clouds and saw a stratum of darker cloud 
above; we then descended to 800 feet over the West India Docks, and saw 
rain falling heavily upon the earth. None was falling upon the balloon; that 
which we saw, therefore, had its origin within 800 feet of the ground; we 
ascended aguin, and this time passed upwards through fog 1400 feet in thick- 
ness. At 3300 feet we passed out of cloud, and again saw the dark stratum 
at a distance above; clouds obscured the earth below. On descending, at 
2700 feet we entered a dry fog, but it became wetting 100 feet lower down. 
After passing through 600 feet the clouds became more and more wetting, 
and below were intensely black. At 5° 28™ we were about 70Q feet high, or 
about 500 feet above Epping Forest, and heard the noise of the rain pattering 
upon the trees. Again we ascended to 2000 feet, and then descended, passing 
into squalls of rain and wind at the height of 500 feet, with rain-drops in- 
creasing in size as we descended, till they were as large as a fourpenny piece, 
on reaching the ground being of the same size as when we left it. On de- 
nding we found rain had been falling heavily all the time we were in the 


air 
§ 3. DescriprTion oF THE TaBLE oF OBSERVATIONS, 


All the meteorological observations taken during the ascents are contained 
in Table I. 

Column 1 contains the times at which the observations were made. Column 
2 contains observations of the siphon barometer corrected for temperature and 
index error. Column 3 contains thé readings of the thermometer attached 
to the barometer. Column 4 contains the readings of an aneroid barometer. 
Column 5 contains the height above the level of the sea, as deduced from the 
barometric observations in column 2, by the formula of Baily, checked at in- 


tervals by that of Laplace, which is as follows :— 
2+52251 


h t-+t’—64 
Z—log( jr) x 60150(1 +4 )(1-+0-002837 coe 211+ saeseu00 
where Z is the height required, and h, h’, ¢ and ¢’ the height of the barometer 
corrected for temperature, and the temperature of the air at the lower and 
upper stations respectively, L the latitude. The temperature of the air for the 
position of the balloon has been derived from the readings in column 10. 
Columns 6 to 9 contain the observations with the dry- and wet-bulb ther- 
mometers free, and the deduced dew-point. Column 10 contains the readings 
of Negretti and Zambra’s gridiron thermometer. Columns 11 to 14 contain 
the observations with the dry- and wet-bulb thermometers aspirated, and the 
deduced dew-point. Columns 15 and 16 contain the direct dew-point obser- 
vations with Daniell’s and Regnault’s hygrometers. When numbers are 
entered in columns 15 and 16 with “no dew” affixed to them, it is meant 
that the temperature of the hygrometer has been lowered to the degree stated, 
but that no dew has been deposited. 

The Astronomer Royal at the Royal Observatory, Greenwich, had meteo- 
rological observations taken every 10 minutes on all the days of ascent, and 
Dr. Lee had observations made at Wolverton by his assistant, Mr. 8. Horton, 
with instruments furnished and adjusted by Mr. Negretti, on June 26. 

In calculating the height of the balloon, the observations of Greenwich have 
been employed for March 31, April 18, July 11, and July 21; and those of 
Wolverton for June 26. 

The height of Greenwich above the mean sea-level =159 feet. 

ane height of Wolverton above the mean sea-level =300 feet, 

1863, 2F 
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TasLx I.—Meteorological Observations made in the Ninth 


to 32° Fahr. 
hm 5s in. ° 
3} 4 7 opm. | 29°75 covees | 29°93 | cee eee 
2 410 © y 29°72 rr ers 
3) |° 411 0 4 29°72 = || cvnece | cevene 
4 14 °o ” 29°72 aecece 
(4) 416 0 y 29°39 weecee | ceeeee 
417 O 45 29°10 7 on ree 
418 o 5 28°60 48'o |... 
420 0° » 
re es ere es errs i 
42% 0 5, 26°56 46° | ceenee 
(5) 4 21 30 ,, 26°36 | canees 
423 0 » 25°32 45°0 
(6) 424 © 45 24°82 A470 | eee 
425 © 45, 24°22 — | wneons 
(7) 427 0 23°52 AIS | ceseee 
4 27 30 5 23°22 AUO | seen 
428 o ,, 22°92 40°§ [esse 
iH $429 O° 22°75 40°0 
9 4372 0 5 21°63 cceeee 
(10 433 0 » 21°33 380 
435 © » 20°63 38°0 
(11) 439 ° 1» 
440 © 4, 18°73 | caeeee | eee 
G3} 441 0 y 18°33] casas 
18 442 © 
443 © 4, 17°34 | ween ee rrrrer 
444 © 4 16°84 330 
4 44 30 4» 16°49 BIO | teense 
or 445 0 95 | caves . eesees 
15) | 446 30 ,, 15°95 29°5 
44645 
16 447 © cases | ee enee 
17 448 0 , 15°45 goro | | a... 
18 449 Oo » 15°35 28°0 
19 4 49 30 ,, 14°86 26°0 | assess 
20 450 0 14°96 asfo. | lass 
451 O 15°06 23°0 


1) Detached cumuli; blue sky; misty. 

2) Blue sky. 

4) Passing top of tower of 1 Palace. (5) Very misty. 

6) London beautiful ; Isle of Dogs visible at an apparent distance of one mile; a few five 
cumuli clouds, ap tly resting on the ground. 

(7) Regnault’s yerometer is very troublesome ; I cannot get dew deposited on the cup. 
The earth appears to be dotted with cumuli clouds; blue lines of light sre crossing 
other st right angles. 

(8) Very beautiful deep blue sky. Spectrum is very bright; less lines both at red and 
violet ends ; G is quite the limit, and I cannot see to B; C is doubtful. 

sth Colours of the ° hare v bright. lo 

e sea is visible to the south of us; London is a wonderful sight: sun shining 
over the Thames at Windsor, which looks like burnished gold. a 


(3) Blue sky. 
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Balloon Ascent, from the Crystal Palace, March 31, 1863. 


mometers (free.) Negretti Dry and Wet Thermometers (aspirated). Hygrometers. 
— aan a 


Gridiron 


Daniell’s. | Regnault’s. 
Diff. |(Dew-point.| rm ermo. 


Wet. Diff. (Dew-point. 
Dew-point. | Dew-point. 


esecue eaeeee =f =e wee ovctee 30°0 


IDA WAAMUNMNG 
; 5 WPKPOAAA 


SANS DT DF 
wn On ow OuMwM 


eeeaen e eceete oaeeen eestee 20°90 


12. 13. 14. 15. 16. 


(11) Can see to line F in the spectrum ; violet dull ; cannot see a single line beyond D. 
12) Valve o ; gas very thick. 
13) Lost sight of the violet end of the spectrum ; cannot see any lines at all. 
14 Spectrum very short; no lines; can see a little beyond D to E, not F. 
_(15) My heart beats very loud ; the sun’s shape in the water is well defined ; Isle of Dogs 
visible ; St. Katherine’s Docks very distinct, apparently 10 miles distant ; Crystal Palace 
apparently nearly under us. 
(16) Gas issuing from the neck of the balloon. (17) Gas yellow and opaque. 
. (18) No lines visible in the spectrum, faint violet rays to G@; my face is of a glowing 
urple. 
is Letting gas off rapidly ; the earth looks beautiful. 
20) Mouth of the Thames apparently nearly under us; coast visible to Dover ; can see 
and the sea beyond; gas suddenly became clear. ope 
? 
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5 | Siphon Barometer. 
ee | ; Aneroid | Heightabove}|)=—=~=~=~=|~~=~=O~C~*=CS~SCS 
| §2 Time. Reading, Att, [Barometers sea-level. 
zs | and reduced | Therm. Ons 
| to 32° Fabr. 
hm =3s in. ° in. feet 
(1) 452 Opm. | 15°46 230 | vaceee 17,400 
tS 4 58 30 5 15°67 ~ | cescee | secre . 17,097 
3) 459 30 » 15°67 =| seseee | ce eees 17,097 
5 20 » 15°36 20°0 15°23 17,636 
(4) § 4 O 5 14°96 20'0 14°93 18,293 
§ 6 Oo 14°66 | ae eee 14°53 18,730 
§ 630 » 14°62 17°§ | ewe ee 18,795 
5) § 7 0 gp | veneer | waeeee | renee eseeee 
6) § 8 50 » 14°37 1770 =, 13°93 19,197 
7) 5 19 O 5 14°27 19°0 14°03 19,35 
8) 512 O 5 13°47 | eevee 13°43 20,865 
514 © 14 13°37 | eee 13°33 20,076 
§ 15 O 5 13°82 | eae | sesees 20,136 
(9) 516 0 ,, 13°68 | wae | 13°24 20,374 
537 O gy | convent | eens | 13°10 
5 20 O 4, 13°18 IVTO | eaeee 21,332 
4} § 23 0 » 33°48 | caeeee | teens 20,749 
ti §24 0 » 13°38 | oan 33°33 20,910 
13) § 25 © », 12°83 YOO | neeeee 21,868 
(13 §26 o y, hy 2: ns rs 22,068 
§27 0 » 12°38 IO'O | las aaee 22,884 
(14) §3r 0», oh) nd ee rere 16,486 
§ 32 © », ke): a re ee ves 16,309 
ti} § 33 Oo » 15°78 | cae ee | cee 16,809 
16 5 34 O » 16°83 | aeeee | eee 15,349 
§ 35 0 9 St nn ee ees 15,080 
(17 §37 Oo » St nn ee eee 15,080 
(18 § 38 O 16°58 13°0 16°43 155556 
(19 § 41 0 16°57 16°1 16°33 15,565 
{513 § 42 O 16°37 15°5 | one eee 15,872 
21 § 42 30 5, 16°47 15°0 eoeees 15,714 
(22) $43 © 95 | aecee 0 | woeees 16°13 16,080 
23) §45 O eseces eee 16°13 16,080 
24) §46 0 , 16°17 esecce 16°13 36,080 
$47 O 9 16°17 osese 16°13 16,080 
(58) § 47 40 » 16°37 | ka eeee ve 16,080 
26) $49 0 » 16°37) | weveee | we eees ene? 
§ 50 O coecee | ceenee | nee vee 155775 
(27) § §0 30 corece | avene | canes esses 
1. 2. J. d o 0. Te 


(1) Just over the Isle of Dogs; moving 8.W.; changed our course; tem 
increased suddenly ; Royal Observatory visible; Green Man Hotel, Blackheath, 
horizon not visible; mass of clouds to the N.W. eo distinct that the boundary line can be 
traced; can see the rippliug of the river below Putney Bridge. 
2) We shall cross ¢ e Thames. begi decti wld 

3) InaS.W. current; temperature beginning to decline; face very blue; feet 

ts Over Iele of Dogs. ; (5) Let gas out by opening valve. 

(6) Over Victoria Docks; cold intense ; hands very cold. 

(7) Let out again ; no spectrum. 

(8) Nearly westerly current; Lowe's ozone powder deeply coloured. 

(9) I could not get dew on Regnault’s Hy cmeter, and I failed to get its readings be- 


low — 10. 10) No speotrem 
(11) Had to break ice for water ; over Thames ; thing deeply. 
(12) Hands blue; Thames looks beautiful. 
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Balloon Ascent, from the Crystal Palace, March 31, 1863. 


mometers (free). Negretti Dry and Wet Thermometers (aspirated). Hygrometers, 
—_______ | an a 
Zambra’s Daniell’s. | Regnault’s. 
Dif, |Dew-point | Tyermo- Dry. Wet. Diff. |Dew-point. 
meter. Dew-point. | Dew-point. 


2°5 —20°6 10 


4e —33°9 0'5 


4e 349 
5°o —35°4 o0’°o eoncece Oooess covers e0e000e 
| eeeee e pevces 3°! 


2°9 — 6% 85 
39 — 35°! 8°32 


2°9 — 74 8*o eeeees ceeces eeeeee teeeee 
ry —28'°7 
re —28°7 
ceeaee (3-5) | (—6°0) 
8. 9. 10. ll. 12. 13. 14. 15. 16. 


(13) Mouth of Thames visible ; coast clear to Yarmouth. 
(14) Mr. Coxwell’s pulsations 98, mine 97 per minute. 
Ge Smoke from chimney up to us going N.E. 
16) The river Thames visible almost from its source to the sea; and the adjacent country 
quite clear. 
_ (17) It is a curious sight to see the little spiral lines of steam from trains on Tilbury 
line, Romford, and Chelmsford ; between Barking and Romford. 
(18) Smoke up and almost level with us. (19) Dropped pencil over the car. 
(20) Regnault’s Hygrometer does not act. (21) In 8 westerly current. 
(22) No spectrum. (23) Chelmsford in sight. (24) East coast clear; Ipswich in sight. 
(25) Very cold (tried vibrations of magnet, but failed). 
(27) Lowored glupnel doubtlee the 
wered grapnel ; doubtless the large mass of iron not distant from the magnet 
had exercised a deal of influence over it my e 
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: Time. 
3 

hm =s5s 
§ 5% op.m 
5§ 52 O 
(1) | 5 52 30 » 
5 53 O » 
5 54 O 1 
(2) | 555 On 
5 56 O x 
5 56 30 5 
{3 5 57 O » 
4 5 57 30 » 
§ §5 O 4 
(5) 5 58 * ” 
(6) 7 °8 Oo » 
6 1 O54, 
7 6 2 Oy, 
8 6 3 Oy 
9 6 ; © 5; 
10 6 © 5 
11 6 9 OO; 
6 9 30 45; 
610 Oy 
6 10 30 ,, 
6 Ir 0 5; 
6 11 30 5, 
6 12 O 4 
12 613 Oy 
13 6 14 0 yy 
6 14 30 » 
(14) | 635 0, 
616 oO 4, 
(15) 617 0,5, 
619 O05, 
6 20 0 4», 
6 2I O 5, 
622 0 ,, 
6 22 30 », 
ti) 623 Oy 
17) 6 24 0 5, 
625 0 5, 
18) 6 25 30 4, 
19) 6 30 0 ,, 
1. 
1) Darkness creeping over the earth. 
as very clear 


Dry and Wet Ther- 
Height above 
sea-level, 

Dry. Wet. 
feet. ° © 
15,630 70 “yo 

15,489 

155227 

14,965 ye) 6°0 
14,622 70 

14,325 8°5 7°0 
14,325 9°0 7 
13,614 10'8 TI 
13,077 11°5 8-2 
125797 12°2 oe 
12,232 


10,917 
9570 | 4385 | 13° 
71907 a1'2 17°0 
77443 20°5 
(7,050) 22°2 180 
9957 23°90 39°5 


1,070 32°8 29°0 
893 | 35°0 
ground 42'o 
5. 6. 7 


Gas very . . 
No spectrum ; not sufficient light. the observations to-day were made on sky 


Heard railway-train | 0} Violent retching. 
) Vomiting. (12) Over Romford. 


10 
13 


Pp 
Feellag of illness. 
Over railway-station. 
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Balloon Ascent, from the Crystal Palace, March 31, 1863. 


maosacters (free). Negretti Dry and Wet Thermometers (aspirated). Hygrometers. 
an ee 


12°0 


10. 11. 12. 16. 


(14) Fallen in with 8.E. current; over ford Jail. At this time we fell into another 
current and changed our course again ; moving back. 
; i Ozone 8. (16) Sand out. 

199 Over Romford or Ilford. (18) Packed up in a hurry. 
(19) Touched the ground at 6* 30", at sunset, in a field belonging to Mr. G. Brown, 
Gaystham Hall, Barking Side, Essex, having first been caught in a tree, then broke through 
It; ab pumber of rude countrymen came, and by some means the balloon was much 
injured, 
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Siphon Barometer. 


b 
¥ Time Reading 
£4 ° corrected Att. 
rae} and reduced | Therm. 
to 32° Fahr. 
hm =s in ° 
(1) o12 opm - eae 
oe ty ns es ne 
I13 Oy 29°66 61°0 
I 14 04; 29°66 61°0 
(2 116 0,4, 
{3} 117-0 5, 29°17 60°5 
1 17+0 5 28°57 60's 
118 o,, 27°97 60'0 
¥ 18 30 599 | ceceee | eae 
ts} 119 0.5, 27°57 600 
3 ) eX. «re 
6) 121 O45, 
33 I 21 10 5, 25°79 55°0 
(8 I 22 30 55 24°50 5x5 
124 045, or ree 
(9) 324 15 5, 23°90 49°0 
I 2% 30 5, 23°61 5 
(10) 1 25 30 5, 23°21 47°0 
126 0,, 22°77 46-0 
I 27 30 22°70 ° 
(11) ee ne Nene 
T2Q 0 gy | eceee | caw 
1 29 30 20°63 410 
(12) I 30 0 ; 20°12 40'0 
I 32 0 19°13 0°o 
13) I 32 30 . seve , ae 
14) I 330 0 5, eve o 
15) 134 8 5, | oneceee | cn ww ee 
E34 TO yp | ceceee | cee 
(16) 135 Og | weer | oe oe 
I 35 30 55 17°24 38-0 
(17) 137 Ow 
(18) 138 0 4; 
(19) I 39 0 5, 
140 0,5, 16°25 30°0 
(20) 142 0,5 15°86 24°0 
(21) I 43° 0 55 15°81 24°0 
(233 147 0 5 15°46 aes 
23) 148 0, 15°83 ee. 
1. 2. 3. 


(1) Atmosphere misty and thick; wind N.E.; many clouds; now and then gleams of 
sunshine. 

(2) Rope broke before we were ready ; the spectroscope swung round ; I was jerked among 
the instruments ; Daniell’s and Regnault’s Hygrometers were both broken. 

(3) Rising too quickly. 

(4) Misty. 
(5) The line G in the spectrum is very clear; can see H and far beyond. Spectroscope 
directed to sky, near the sun. 

(6) The line B clear; very many lines in sky spectrum. ; 

(7) Crystal Palace and grounds very well seen; mist resting on the earth ; cumuli on 
level with the balloon. 
3 The Soloration of pb hi inut 

e coloration o otogra c was 2 in 2 or 3 minutes. 

(10) Thick mist ; almoet a oe pers 3 
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Balloon Ascent, from the Crystal Palace, April 18, 1863. 


Negretti Dry and Wet Thermometers (aspirated). Hygrometers. 
an 


Zambra’s 
Gridiron Dry. Wet. Diff. |Dew-point. 
meter. Dew-point. | Dew-point. 


Daniell’s. | Regnault’s. 


e ° ° ° °o oe ry 


477° 


32°8 
32°2 
31°5 
23°2 
23°0 
23°2 
21°0 


20°S 


17° 


10. 11. 12. 13. 14, 15. 16. 


(11) Beyond H and to A in sky spectrum, under and near the sun, lines beautifully de- 
fined ; great change of focus to eee A and H. Sky spectrum at eome distance from the sun, 
less than G; can see B and several lines beyond. 

(12) Above the clouds ; sea of clouds below ; Crystal Palace seen clearly ; wind N. 


t8) Ozone 3 by powder; o by paper 


14) Balloon full; no sky s ; derk. (15) Blue sky above. (16) Gas out. 
ath Ss far beyond B, up to A when near sun. (18) Gas clear. 
19) Sky spectrum short at a little distance from sun. 
(20) A stream of cold to sense. (21) Minimum thermometer 11°-2. 


_ (22) Lurch in balloon ; spectrosoo swung round, and from some cause the solar radia- 
Hon t 3) Goma’ fell over the side of the car; slightle down, but could not see it. 

; General tinge over countenance ; heart sli affected ; largest field appeared three 
inches square; lowered grapnel. No spectrum; no lines; looking at sky, which was quite 
bright from 1° 47™ to 15 46", with the exception of a few seconds before and after 1* 48”. 
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Siphon Barometer. 


BS Time Readin Barometer,| Height above | 
gH correct No.2. || Seeley Dry. | Wet 
238 and reduced | Therm. ; | 
to 32° Fahr. | 
hm =“°s in in feet. o © 
149 ODp.m. 14°81 114°80 18,886 120 49 
I 50 © 5p | weevee | tee soeees (19,140) 12°% 60 
I 52 O gy 14°37 14°35 19,644 con | ceeeee ; 
1 1 52 50 yy | veeeee 14°15 | 20,163 m5 | ! 
2 153 O % ; 
3 I 54 © 5 14°15 seees 24,163 12°! | 6°0 
155 O 9 7 ie) nn eee besees 20,338 
3 1 56 0 55 14°05 14'S 20,338 | 
5) 2 0 O54; 13°75) | epeeee | tee eee 20,943 140 6°0 
22 Og T4°05 | te wee 14°05 20,428 
(6) 2 9 © 5p | cveeee 13°65 21,120 cases wseees 
eesescees | eeeee | tte eee rr ree 15°0 30 
tS} 21% O04 Pe errr errs ree en rere an ree 
8 212 O 13°35 | weno 13°35 21,646 cosien | canons 
ZZ © 9p | nave | er eae 13°30 21,760 
(9) 214 On seonee | tees 13°30 21,760 vee | canoes 
21§ O 13°25) | teen 13°25 21,869 eoense vee 
(10) 2 15 30 4 13°20 | sees eeeee 22,041 16°0 63 
2 22 30 4, en errr 12°75 22,954 12°5 o’0 
227 Oy eee 12°60 235258 | caceve | teeees 
2 28 © 59 | cease en errr ceseen | seence | wees eeseee 
2 28 30 ,, rn rrrere 12°50 23,460 weeee veeee 
229 On I2°SO | eee 12°50 23,460 
2 29 30 » esetee | tate 12°48 23,500 
230 OO, rs rrr ss 12°50 23,460 
2% 30 30 55 13°35 | eens 12°35 239753 12°5 0°5 
231 Ow 19°45 | eee 12°55 23,539 | sere eesees 
(11) 2 31 30 45 
2 33 On 12°65 feo eee | teens - 23,T0Q | caceee eoenee 
2 33,10 ,, rrr rere 12°75 22,907 12°5 ro 
(12) 2 33 3° »» eoveee 13°35 21,765 | 
Z 3345 1» | veveee | te eee 13°55 21,381 ; 
crt 2 34 © 45 13°65 | ke eee 13°65 21,189 13°1 30 
ti) 2 37 3° »s 16°64 | eae ee 16°24 15,998 15°5 7° 
2 38 OD » Tey es er ers) becese | wav nee sete aac 
2 38 30 ,, 1724 | taeeee | tone 14,967 $8 
239 On weston | eens bosees (14,670 16°5 
240 0,, 17°64 | ceveee | tence 14,341 ‘0 
2 40 30 ,, IB°I4 | ee eeee 17°95 13,590 16°5 10° 
2 41 30 ,, sccece | cecene | neeeee | tenes 17°0 45 | 
242 0, 19°94 | cence | ce enes 11,100 18°90 15°5 
1 2 3 4, 5 6. 7 


(1) Face bluish white, (2) Examined slit of spectroscope, all seems right ; dark felt 
3) Gas clear. (4) Still s dark Beld ; far from sun. 
(5) Mr. Coxwell’s pulse 113, Mr. Ingelow’s 130, mine go per minute. 


PT) gs, ” 130, » 95 ’ 
Mr. Glaisher’s pulse very weak, Mr. Ingelow’s full and strong. 


(6) Opened bottles ; filled four. (7) No sky spectrum ; no lines. 

(8) No sky spectrum ; no lines. (9) Air very dry to sense. — 

(10) Sky spectrum B to G close to sun. From this time to 2" 30 I was chiefly ‘0 
with the pe; there was no & at all on looking with the slit ad whet 


the sky far from the sun; on ap the sun the yellow first sppesres 
- very near the un the spectrum was perfect, increasing in length the nearer we 5? 
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Balloon Ascent, from the Crystal Palace, April 18, 1863. 


mometers (free). Negretti Dry and Wet Thermometers (aspirated). Hygrometers. 
an ——— ee (a 
Zambra’s | ; 
, Daniell’s. Regnault's. 
Diff. Dew-point. Gridiron Dry. Wet. Diff. Dew-point. | 
meter. Dew-point. , Dew-point. 
° o o ° ° ° ° o o 


8. 9. 10. 11. 12, 13. 14. 15. 16. 


the sun; and when s beam of light came from the sun iteelf, the whole spectrum was 
Visible, the nebulous line H and a good way beyond at the violet end, and A at the red 
end, with innumerable lines between, particularly at the violet end, all sharp and well- 
defined ; on the balloon revolving the spectrum was gradually lost, till none appeared at the 
sky opposite the sun. I scarcely moved my eye from the telescope during three revolutions: at 
the first I examined the violet end; next the red end; and then the whole spectrum. 

(11) Looked at sun with red, blue, and yellow glass for anything like prominences ; edge 
without uppendages (12) No change on paper in one minute. 

(13) Mr. Coxwell uneasy; opened the valve freely, and we descended rapidly. 

(14) No spectrum ; cou d not get the sun. 

(15) The readings of tho two barometers are discordant I cannot say which is correct. - 


414 REPORT—1863. 
Taste 1.—Meteorvlogical Observations made in the Tenth 


" Sipbon Barometer. Dry and Wet Ther- 
8 Goa PO | Aneroid 
s Height above | 
FS Time. Reading Barometer, | © eh ewel, 
Us corrected Att. No. 2, Dry. Wet. | 
to 32° Fahr. 
hm s in. ° in fect ° ° 
243 opm BO°OG — | ceesee | wenn 11,003 20°O 18"r 
2 43 39° » ZO'ZR — | ceeeee fev ens 10,785 24°0 90 | 
244 O 4 20°94 cesses | weeeee 9,609 26°0 20°0 
(1) 248 0, coveee eeetes eavees ground | (57°0) 
I 
Meteorological Observations made in the Eleventh | 
| 
(2) r 2 opm 29°70 660 29°80 ground { ..... e weoene | 
(3) ZT 3 © 45 || weenne =] we nnne | neeeee | ewan ee 66°0 57°0 
I 4 Oy 29°15 660 | ...... 884 65°0 56°0 
I 4 30 » 28°57 66.0 | ...... 1,445 62°0 540 
1 6 0,, OT ss es ee 61°8 53'5 
(4) 1 615 5, 28°36 65°0 28°45 1,660 61°5 53°" 
x 6 30 ,, 27°86 64°0 sovees 2,150 59°5 515 
7 Oy 27°36 64°0 27°55 2,651 5772 gra 
(5) 1720, everee woveen | weeree 7 55°0 49°8 
r 8 o ry ee TS @escce | ceccce 3,785 510 eessee 
1 8 10 +E en Midi ° 27°45 3.974 59°5 oenece 
1 850, 25°27 63°S | ww eeee 45729 7 Se erry . 
(6) I9 Oy 24°87 | wees ‘ eeeeee 5,264 47°0 40° 
110 0 4 24°58 60'0 oes 50578 | wwneee | waves 
(7) III Oy 23°79 580 ee 477 
113 O 54 rs errs rere 7,300 402 310 
I 33 30 » 22°80 §B°O |] wane 7510 39°0 29'2 
114 Og eoeees re rere 7,940) -| 37°2 26°: 
115 OO, 21°82 45'0 2x85 9796 oeaees eeeees 
E15 20 yp | aeneee |e © | peeee (8,827) 36-0 a6"1 
(8) 116 © ,, =| eevee en rrrrrr 21°65 $,88 
1 16 30 ,, woecee | tenes 20°75 9,298 312 42°0 
33 117 Oy ccense | teen 20°65 9,800 eevee | caveee 
(10 11718 4 a rere 20°20 10,800 
117 3° ws 20°22 7 ee eee 10,804 
11) 117 45 » 19°93 42°O) | wea 11,204 300 310 
+123 118 o,, esenee | eacees 19°75 11,478 
l. 2. 3. 4. 5. 6. 7. 
(1) Suddenly the South Coast a d under us, and Mr. Coxwell called out, “ Put up 
the instruments! help me! wes be in the sea, we cannot go over!” I to put 


the instruments up instantly. Hoe called for immediate assistance; we pulled open the 
valve as wide as possible, and at 2° 48™ came to the ground with a violent crash; we were 
of course all thrown down ; my head was struck behind, my ankle sprained, and I received 
a few other trifling bruises. . Coxwell and Mr. Ingelow esca unhurt ; but near 
all the instruments were broken, with the exception of two ttles of air for Prol. 
Tyndall; the two other bottles were broken, and unfortunately three very sensitive thermo- 
meters which had been kindly furnished me for these experiments by M. A. D’Abbadie. 
The descent took place about half a mile from the Newhaven Station. It was fully seven 
or eight minutes before any one came to our assistance. When descending we obs 
two rents in the balloon, owing to the valve-line having torn it. Mr. Coxwe tenaciousl 
held on to the valve-line, and thus crippled the balloon, which never rose. We retarn 
to London by the train leaving Newhaven at 7" 30™. The blue of the sea had been mistaken 


for mist. Temperature on the ground 57°. 
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Balloon Ascent, from the Crystal Palace, April 18, 1863. 


mometers (free). Negretti | Dry and Wet Thermometers (aspirated). Hygrometers. 
- an a ES 
Zamira’s Daniell’s. | Regnault’s. 
Dif. |Dew-point.! pherm Dry. Wet. Diff. |Dew-point. 
meter. 7 Dew-point. | Dew-point. 
' ° ° ° ° ° e 
19 I++ 4°6 20°5 
| go '—10°6 24°5 
| 6:0 |—10% 26°2 


| 


' Balloon Ascent, from Wolverton, June 26, 1863. 


8, 9. 10. 11. 12. 13. 14. 15. 16. 


(2) Wind W.S.W.; strong. Balloon lurched considerably ; fifty men were not sufficient 


to keep it down; the instruments were with difficulty mounted on the board in the 
car 


(3) The sky was cloudy, after a fine morning. 
ts The lower atmosphere very dark. 
; Painfully cold. (6) Terribly cold. 

(7) Dreadfully cold ; put on coat with difficulty ; wrapped up my neck ; put on extra cap; 
gave Mr. Coxwell a wrapper. 

(8) Faint sun; at this time the sighing, or rather moaning of the wind was heard as 
preceding a storm ; it is the first instance that either Mr. Coxwell or myself had heard such 
& sound. 


it Fine rain falling. 

10) Saw sun faintly. 

(11) In fog, thin rain; lost sight of sun. 

(12) Worked bellows fur Regnault’s Hygrometer. 
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ts | | Siphon Barometer. | Dry'amd Wet Ther- 
|. se _———— 
£3 | Time. Reading |; Bertaeter, Height above. | 
£2 Att. | No? eee level. 
ae and reduced | Therm. | “m | ( Dry. | Wet. i 
to 32° Fahr | | 
hm s in. er . 
(1) 1 18 20 p.m. 19°83 420 | eee ( 33,348 grr gro 
(2 119 O 4 19°23 41°5 19°25 12,1977} 
(3 pi: i (oy a 39°05 12,459: 
(4 120 0,, 18°83 7 od re 12,743 ' 30°§ ' 40°5 
5 I 20 10 5 18°53 | 64ro lo. | 33,573 | cwceee * cueeee 
‘es 121 0, !| 18:73 quo | 18-15 | 13,764 | cece weeeee 
(7) 121 10 4, 18°03, | 410 18°00 13,9213 | 3r°0 gro 
8) 122 0,; | | ' 
ts 123 0 » 17°63 4ro | a... | 145530 | 320 ago | 
10 124 Oy 17°33 42°O) | uses 15,29 I 
0 125 On 16°93 . | | 
12) 125 20 y, 16°33 
126 0, 16°73 | 
(13) 127 O » 16°63 
128 O,, 16°63 
128 30 » | wesccs 
129 0 5 36°53 
IT 29 20 yp | eovene 
(14) I 29 30 wy 16°53 
I 29 45 » seen i 
(15) I 30 © 4, caveee 
131 O 4 16°23 
16 I 33 30 5 | aeeeee 
17 I 32 O 5 16°03 
ti I 32 10 5, 16°03 
19 I 32 4° », 16°03 
20) I 33 O » 15°93 
I 33 3° » 15°88 
23} I 34 FO 5 15°83 
to 134 OF 95 | aveace 
135 FO » 15°83 
" 1 35 3° » 15°49 
(23) 136 0, 15°33 
1 36 20 ,, 15°23 
1 36 30 ,, 15°23 
1 36 45 » 15°13 
(24) 137 OF gp | evnvee 
138 © 59 | weneee 
(25) 139 0 » 14°83 
26 1 39 10 4, 
27 140 0 », 
28 140 0, 14°73 
303 I 4O 4O yp | cevees 
(30 r4I O 5; 34°53 
| 
1 2. 
(1) In fog ; just see the earth; misty. (2) See the sun faintly. 
3) Lowered grapnel very gradually. (4) Sun just visible; thin wet fog. 
5) Mr. Coxwell requested me to open the valve whilst he lowered the grapnel. 
6) See the sun faintly through wet fog. (7) Valve opened. 
(8) Mr. Coxwell complained of pain in his hands, which were dark blue. 
(9) Assisted in lowering the grapnel. (10) In fog, not wet. 
(11) In dry fog. (12) Ice on Wet-bulb. (13) In fog. 
14) Faint gleams of light. (15) New Barometer nearly 16°60 inches. 
16 Train ‘ (17) A period of calm, and warm to senses. 


Getting clearer ; faint blue sky. 

26) Just above cloud ; cirri above ; cloud on same level as the car all round. 
(27) Clouds very high. 

(28) Sun faintly shining, but cut off by the balloon. 

(29 oO do 

(30 . do do 
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Balloon Ascent, from Wolverton, June 26, 1868. 
mometers (free). Negretti Dry and Wet Thermometers (aspirated). Hygrometer. 
— an a gc 
| Zambra's Daniell’s. | Regnault's. 
Dif. |Dew-point. Thermo- Dry. Wet. Diff. |Dew-point. Dew-point. | Dew-polat. 
° e o ° eo io] eo ° ° 
eeeesoa Ff 8=eeeese 33°09 
ccsace | cosees 32°0 
atseee bevcss oeeees eesees eoeeee oevone onecee sesees 20'0 
eaveee eoes 33°70 
seseee | ceccee | ceecee | ceeeee | ceeeee | teeeee weeees 20°0 
eecens ff, svev0cee | eeasee ecence eeocces @eoone eeovees 20'0 
3 (e] 15° eonte ese —f e¢@ene e@eeeosee | + jseessee ej j §«sse@ s 17°2 
4°0 cy a rrr reer re re errr rs Sree 17°0 
+4 7% 34°5 33°0 26°9 61 14°9 
wecese | coeene | cones : eseees eevee oseeee ceases 22°0 20°5 
50 | (15°4) 
4°S 16° socee | cone coscse | ceeeee eosces gees 210 
50 22'°0 36°72 | tenes 0 | aeenee | cece | enue ereeee 24°2 
52 21°5 35°6 esceee | ceeees | ceveee | eeenes eesaas 23°5 
5°3 17% ; 35°0 a7°0 8'o 14°2 
Oseen0 eoenee 35°34 
cossce | ees : 34°7 
6°s 174 eaesee 44°. 27°6 6°6 15°7 
asesese esseet jf £@asees eeegesd Oetese eogeee eegqgese @eeege00 19°2 
9°9 3°3 33°4 eeoeee eoaeee eeenase eoqguen g’0 
So j— 78 30°5 
vocees eeeeen | cevces | soccce eocces | cescce | sescee | cee eee = 30°! 
g2 |— S70 26'5 costes covcee | ceccee | cence | eeenee — 9'4 
6:0 —iI4'! eoecves | evsese — essece | secs r) Segece exsces -_ 50 
65 |—17% B4'Q | wevese ff eeeee | cee eee | eee eee — 40 — 42 
44 «|—14°6 ZOE | cee eee | neeeee | teens | cee eee | eee ee — 8o 
WS  [mTSS | wwe aee 20°0 16°0 4'0 
wsecce | ceecee | aeveee | ceveee’ | csceee | cee ene | tan cee | wee eee —11'0 
| _— 
8 9 10. ll 12. 13. 14. 15. 16. 
OB Still in cloud. | (19) Clouds above us still. 
20) Cloudy, and gas rashing out of the balloon in volumes. (21) Still in cloud. 
22) A sudden cloud. (23) In a wetting fog. (24) Cold, dry, thin fog. 
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3 Siphon Barometer. Dry and Wet Ther- 
§ ————_j7 |, Aneroid ——_—_—_———- 
Be Time. Reading | 44, |Barometer, Height above | 
a8 and reduced | Therm ° Dry. Wet. | 
to 32° Fahr. 
hm =°s in © in feet. ° 
(3 141 10pm 14°53 41°90 14°55 19,544 20°0 160 
(2 I 41 30 5 ! 
(3) 14145 » 14°33 410 | eens 19,909 20°5 16°0 
142 0 » 14°23 QO | eee eee 20,167 21°1 16°0 
Bi 3 42 40 5 14°24 410 14°25 | 20,167 art 160 
(5 1 42 45 » 
t" BAY © 59 | veneee | wn oe 13°95 20,648 210 16'0 
7 143.30 99 | ccccee | cusses | neeeee | teens ign | 16% 
(8) 144 0 » 13°94 40°0 13°95 20,648 20°0 16°0 
(9 145 © » 13°34 | sees 13°85 20,854 
10 146 oO » 13°64 40°0 13°65 21,266 22°0 x61 
1] 147 O 9» 13°59 | caeeee | toe ene 21,357 22°0 16°0 
12) 148 0 5; 13°34 | ween 13°35 21,978 wecece eoees 
149 © » > i bY nd es 22,053 
(13) 15° O 9» >< i yn errs reece 22,053 22°0 16°0 
ESE © gy | svevee | san oe 13°20 22,073 22°8 16°0 
153 9 » i i 7 rn rer 22,105 
1 53 3° » 13°14 32'0 13°40 22,105 19°2 1671 
z 53 35 ) , eT ee es iris eon eeecee [| ae800eee 
x 53 40 es ee r,s es Pe kdidate eve eave 
ay en ee ee Me toece eons 
(14 1 3a O » 12°BQ fee eee | cee eee 22,664 | ...... cease 
15 lL 54 30 99 | ceeeee | see eee | enews (23,023) 18°5 16°0 
16 2 54 4° » 12°66 erence | cence 235143 18'0 sescee 
17) ay a er rer eee (23,200) | 17°0 163 
155 Op oy a eee 14°05 22,965 eovece eseees 
z 56 ° ye ee se i did cesses ff seanse @erecce 
19} 157 OF» 
19) 158 O», 13°14 | tone 12°95 22,168 19°! sees 
I 58 3° 9» 13°54 =| cwncee =| tee eee 21,457 eacace @vvcece 
159 O » 13°65 33°0 13°65 21,302 
2 09 Oy 13°85 | cue eee 13°75 20,934 a6°1 ars 
2 1 O », 14°25 ke oe 20,167 
eat 22 0% 14°25 BBO | twee 20,167 26°3 22°0 
(21 2 230 y 14°25 330 | tweens 20,167 | seers seeves 
(22) | 2 245 » 14°25 340 | «14°27 | 20,167 
2 3 Oy 14°44 35°0 14°45 19,901 26°0 24°0 
(23) 2 430% 14°64 3570 | 14°65 | 19,367 23°0 . 
(24) De Or <r ee ee ee . 23°2 23°! 
2 § O» 14°44 350 | econ 19,901 23°0 23°0 


1. 2 4. 5. 6. 7 


2) In fog again; sun invisible. 
3 Three layers of clouds we have passed ; clouds still higher. 


Sky very pale blue between clouds. 


3 Sun just visible, but cut off by the balloon. 


5) Spectrum at blue sky same as on ground. 
(8) Rain-cloud to the right ; two nimbus clouds near us and on the same level as oureel res. 
(7) Saw the sun; the reading of the actinometer increased 8°6 div. in sun ; then 3°1 div. 
in faint sun ; then fell 2°7 div. in shade ; then increased 08 div. in sun ; and then 1°5 div. 2 
sun in one minute. (8) In fog. 
9) New Barometer 14°20 inches. (10) In fog. 
11) Sun invisible. 
12) Train heard. 
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Balloon Ascent, from Wolverton, June 26, 1863. 


Dry and Wet Thermometers (aspirated). 


Hygrometers. 


mometers (free). 


mq et Oe ro] 


Br HUN UNA Ho 
000 


eeecoe 


8. 9. 10. 11. 12. 18. 14. 15. 16. 


(18) We looked round at the very faint blue sky, covered with cirri, and estimated the 
height of the cloud to be many miles; atmosphere thick and misty. 
14) Cirri alone above; sky faint bluc; spectrum with small instrument same as below. 
15) Could not use large 


(17) No fine views or forms, all confused and dirty looking ; the sky is the came as seen 
m below ; we have very little sand; cannot go higher. 
(a0) Faint blue sky above ; clouds. (19) Ozone 2. 
Sun very faint. 
i Spectrum B to F; sctinometer rose 5 divisions in one minute. 
5 In fog; sun invisible. 
23) In fog; very chilly. (24) In fog. 
1863, @ 
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Dry end Wet Ther- 
Dry. Wet. 
+] ° 
2 6 opm 
2 610 ,, 23°0 22°5 
2 620 , cases wscee 
2 645 ;, 25°0 2770 
270,;, 28°9 23°0 
2 743° » a8*1 23°7 
280, 27°5 23°6 
2 830 , | 48a | 34°70 | 34°85 | 319,089 | ncccee esseee 
29° 28°0 24°0 
2 93° 29° 29°! 
210 0 4, 
21015 ,, 29°0 23°5 
21020 ,, ceosee weses 
21045 » 29°5 24°5 
211 0 4 29°5 24°5 
21135 ,, vee sence 
211 30 4, 
23145 1» 32°§ 26°0 
21312 0 32°0 26°0 
2 12 30 4 32°5 262 
2130 4, 32°0 27°0 
21315 14 
21330 4», 
a 14 ° 99 eesese | en0008 
2141S ss 33°0 270 
214 30 45 
23445 | 17784 | caceee | weveee | 3G,3Q7 | wecee . oeesee 
2 14 59 33°0 29°23 
215 O° » 33°0 29°3 
215 S 
2 15 10 y) eeeses eeee0e0 
21§ 30 ,, sreese e 
215 45 1 33°0 29°5 
216 © ,, 
216 30 4, 33°0 27°5 
217 0 y 33°0 27°0 
218 0 ,y 33°0 26°5 
219 0 5 33°5 26°0 
219 30 » 
21945 » 
2 20 20 ,, 33°5 26°0 
220 30 4, 34°5 27°2 
1. 6. 7 
1) In fog. (2) Faint gleams of light. 
8 Faint Spleame of light; fog above and below, none near us. 
4 of water g from the balloon. 
5 re og; no dew at 15”. 
6) In fog. (7) In fog. (8) In thin fog. 
9) Thin rain pattering on the balloon, and mo Ts dank everywhere. us. 
Y Snow falling fast. (11) Snow-storm ; dar 


Spicula, cross spiculs. 
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Balloon Ascent, from Wolverton, June 26, 1863. 


i Dry and Wet Thermometers (aspirated). Hygrometers. 


pit, |Dew-point Gridiron | - Daniell’s. | Regnault’s. 
- ‘| Thermo- i 
Dew-point. | Dew-point. 


8. 9. 10. ll. 12. 13. , 14. 15. 16. 


(13) Many six-sided figures, small but distinct, all icy particles. 
(14) Dense anow, no flakes; sand out. (15) Snow appeared to rise. 
(16) Sand out, golden appearance, mixing with snow. (17) No snow. 
(18) Lower atmosphere very murky. 
(19) Lower atmosphere has a yellowish-brown tinge, remarkably dull. 
tory Two canals in sight, straight for many miles. 
(21) Lower atmosphere very murky ; Mr. Coxwell had never seen it in such a state before, 
when far from a town. a2 
@ 
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in 
corrected 
and reduced 
to 32° Fahr. 


SON HH NN NYDN DH WD 


(4) 


444 OPM, |... | ccceee 30°12 75°32 62:1 
445 9 op | cover | seen 3o'r2 onthe | 74°9 620 
446 0» cecese | ces eee 30°12 ground.| 74°5 62°0 
(5) 447 0 yy | coneee seave 3o'12 74°2 61°5 
Py * ee; ere ere reer eoccee | wn seee | wwe ee 
4ST 0 4p | avevne | wwe eee | ences | ewe 74°8 61-0 
453 9° »  rrrer 30°11 jontheground.| 74°0 61°6 | 
454 0 gp | avvnee fe neneee | te eaes sense 3S 60°5 
(6) 455 °° w» 
455 + nn | ovens eeceee 29°80 §23 
456 30 yp | ceeeee | eee 29°55 Ln TT tere 
457 FO 55 | concen | eaeeee 29°35 928 7O°2 $70 
458 o , coccce | cece 29°15 1,150 evece | ceeees 
458 20 4, | —coeee =|] veneer 23°85 1,494 65°0 $7°0 
4 58 50 4, | seaee . cases 23°55 1,788 | cee | tn ewes 
459 © 4p | aevene ensee 28°30 2,03 62°8 §I°5 
459 TO 4p | cooene secees 28-00 2,283 62°0 $20 
(7) 459 30 5 | eeeeee « «6©| 27°65 2,633 
§ 1 90 gy | ceaeee voveee 26°70 3,580 59°5 §r-0 
§ 20 4 eoeee seoeee 26°55 3,730 wcccen | ceeers 
5 2 3° 7) seeeoe = f eeee8 ® 26°50 3,780 ese ee 
5S 4 © 45 | vaeeee coves | 26°35 3.930 59°° 52°0 
§ § DO gy | veceee | evens . 26°30 31980 61°5 543 
5 § 30 4» setnes eescee 26°25 4,030 60°5 532 
5 545 | ceeeee eee 26°18 4,170 60'2 53°5 
(8) § 6 © ,, | eevee ees 26°05 4233 59°32 541 
Cy A ee eee ere 26°00 4,36 59°0 Sq1 
5 7 3° » esceee | cones 25°78 4,610 ° 548 | 
(9) 5 9 ° » 
5 13 © 4y | caenee teens 26°40 3,860 64°0 560 
514 0 4, | conece woe =| 26°40 3,860 63°5 55° 
1. 2. 3. 4. 5. 6. 7. 


(1) Put up instruments. 
(2) No sand ; threw away leaden weights, &. 
@ Cannot see any distance on land. . 
4) Wind very strong ; the descent was very rough and difficult. We descended ins oon 
Reld adjoining farm of H. Jones, Eaq., on the borders of the counties of Cambridge # 
> . 
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Balloon Ascent, from Wolverton, June 26, 1863. 


a 
mometers (free). Negrettt Dry and Wet Thermometers (aspirated). | Hygrometers. 
an | 


° ° 
23°% §2°7 742 eseeee fF eevese aaeoee o00860 §5°° 
12°9 52°83 @avcce eoneee | csscac @ncoce eovere 53°5 
12°5 §2°9 73°8 
3123°7 §2°2 eoovee eenvee | cevens envcee prety) §5°° 
coves | eaeees 73°3 
13°71 §1°4 733 @oasee eueeog eeeses seoeee §4°0 
12°4 52°6 73°5 
33°0 50°9 73°5 
eee e easees 69°2 
13°2 . 
ne 9 66°5 

So 50°4 
escece | oe esse 64°'0 
113 | 43'9 | 62's 
10° 43°4 61°5 
35 43°5 59°2 
ecneee oevese 57°8 
eecrcsee eoseve §7°5 
79 458 eevece asecee eevee aeeoen ” pectes 46°0 
73 | 479 61°5 
7°3 46° 60°5 eovcce oeonee aeecee | ceacee 46°5 
67 | 476 | 60's 
5° 49°5 
| 4°9 49°7 cece evvcee | seecoe eccee eovnes 51 5 
52 50°3 soeces a er terees eeese 48°5 
| 8-0 49°4 65°0 
8-5 47°9 64°0 sesene coeeee cece | ceeeee 49°0 
8. 9. 10 11. 12, 13. 14, 15. 16. 


(5). Wind East. (6) Ba noon left the earth. 
oon entered north current; changed (8) Near Croydon. 
AF Boa Beautiful view everywhere. 
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RE 


os . Sephen Eereuecter. ; Dry and Wet Ther- 
| G2, Tm cores As. Barometer 
1 s3 andreduced ‘Tem “2 Dey. | Wet. 
| to 33° Fabs. 
hm s =. . m. feet. c 
4) swm3epm i... wees 26°38 3.832 | ° 
(2) | § 1§ Oy 7 eee weet wee ooenee 61-5 542 
§ 16 0 gy  ——naceee eee 26-10 4171 62-0 550 
§ 17 3° 5, | ceesee tees 26°10 . 4,173 
(3) § 19 OD wy cence p  teeeee teeters wee 630 56°0 
i) 2 rer 26°52 30778 6g: | 56-3 
i §$ AZO 9 ww eee y teense 26 65 3,660 65-0 { 565 
Ce ek oo 26°70 3,610 65°0 | 57°0 
§ 2 DO np ete eee tow nee 26°78 3§24 | 65:0 | 570 
§ 2 OD gg | caw eee ! seoeee 27°30 3.219 6600 *§ 67°75 | 
§ 2490 peewee | eeeeee + ewe ee  seeees ' 65-5 . 578 
§26 o,, | eeceee eee ee eee ' 65-5 | 576 , 
§27 oO, errr F heeeee § wees Vveaces 
(3 | $37 3° » | . a ! 
2 5 On ft wseeee ane eee { 2670 | 3581 65°5 7° 
| Ce: re 26°65 3,684 | 64-2 | 56-5 
(6) § 29 3C » 1 sere | eceens S ceeeee 9 canoe ' 633 | 565 | 
5 2945 me ceeere fee eee , 75 | 3580 | 64a | 565 
(7) Ce rs Pree | 27°05 | 35195 65-0 | 570 
3 $32 OF saree” faeces 27°50 2,765 650 | 571 |! 
9 § 33 O wn evn eee | @recce 27°79 2,575 652 '  §7°0 | 
10 $34 F | een eee joc 27°85 | s,470 652 | 5§7°0 l 
11 Ce) a 28-00 | 2,287 650°, 568 
C3 §36 o, | wie fo... 27°95 25332 | 
13 $37 2 5 ceseee | cee 2780 | 2 65°2 568 | 
Ca ek er 27°90 | 2,377 650 568 ' 
14) Cc ee ee 27°35 7 Yr oe 
15) oe ke ee 27°35 2,424 66:0 -| 56:0 | 
16) 540 Oy 8 ee fee 27°80 2469 66-0 $575 | 
5 42 OO gf cee tee fe cee eee 27°80 | 2,470 66-0 55°5 | 
U3} Ces er Pr 27°80 | 2,470 | 
(18 5 4330 m5 eres | atone 27°78 2,488 65°5 560 | 
S44 0 yf neces | cee eee 27°79 | 2,488 65°3 56-0 
(19) ee ee 27°78 | 2,488 65-0 sox 
§ 47 30 45 | evnvne | dae wee 27°50 |! 2,762 64°5 s70° = 
$48 0 4, | ences | sew eee 27°45 2.817 65"0 $70 
(20) 5 49 SO 4 | caneee | wn nee 27745 ' 2,820 65°2 §7°3 
$50 © yp wan eee | wae wee 27°45 ' 2,820 65°5 578 
(21) et ee 27°50 2,762 65°§ 57°2 
$52 © gy | ceaeee | wan ene 27°55 | 2,707 65°5 $7°8 
(22) § 5230 4, © neeeee | aw ee 27°50 2,762 65°5 $73 
eX ek ee ee 27°35 2,926 65°0 56a 
5 $3 30 o. | nanan | won 27°20 3,046 65°0 56-2 
C7 ee: ee ee eee 27°10 3,157 64-2 56°5 
5 $4.90 on "7 cnneee fee 27°00 3,266 642 56-0 
(23) § 5S 2 gp | aseese fee eee nn errr 64°0 560 
l . 2. 3B 2 4&4 5. 6. 7. 
1) Thin mist. 2) Atmosphere thick and misty. 
3) Cheering of people assembled at Cather hn oP 
4) The Times Newspaper folded four times fell over the side of the car. 


spectrum B to G. (6) Atmosphere thick and misty. 
ewspaper which fell at 5" 274" is still visible ; it looks like a bird. 


5) Sky 
a The 

(8) Sand out. (9) Paper not reached the ground. 
10) Sand out. (11) Paper has reached the ground. 


ON FIVE BALLOON ASCENTS IN 1868. 455 


Balloon Ascent, from the Crystal Palace, July 11, 1863. 


moeneters (free). Negretti Dry and Wet Thermometers (aspirated). 
Bambra’s 
Diff. Dew-point. Gridiron Dry. e Wet. Diff. Dew-point. 
meter. 
o °o ° ° ° ° 9° 
7°3 47°9 61°§ Geoseoe | $= eetese beosoe [ ose dee 
7° 49°0 62°0 desee daceee decsee | ee des 
7° 50° 63°0 
79 49°6 641 
8°5 49°5 65°0 
8-o 50°4 650 
So 5°0°4 aeeees @ancee é 6 oe eceses 
3°5 506 
77 51°5 
79 gu 
8°5 50° 64°5 
7°7 §0°r see te q ‘ e é e eeotese 
7°3 50°4 
7°7 5°18 e666 oe e é ee Sescce doe 
S°o 50° 
7°9 5° 
3-2 50°53 
3 y | §0°3 evasce é Cy oe er eee) ee ee sy | e Cee 
8-2 50°0 
84 49°9 @ooeses bodeoe @acece bueces seston 
Sa goro 
seeee veeee 65°5 
ZO°O, 4 77Q | usec | teen secces veccee | tevene 
10°§ 47°0 
10°§ 47°° rryy) ¢ é ese | @¢ees¢0 os 
9°5 48°3 does bevees eveces | coeees veos 
93 48°4 
3 9 48°3 ée6e e¢€ F $jj.seeseon j[— #¢¢ssee8 e 
75 50°8 
S°o §0°4 coos | teens coccse | teeeee eee 
7°9 §0°9 deses | teccece oevsece eevere oesece 
7°7 516 deaese {| @Geavee @esecae ees atee 
3°3 50°4 

77 53°6 eoeee | sn0eese oes essen [| 0000 ° 
$°3 50°4 
$°3 49°0 ace | eeeee | ew enee vee | weeee . 
3°3 49°0 evnses s oe @eoer eeeeos Seoece 
77 49°9 
8-2 49°2 
Bo | 649% 

8. 9. 12. 13. 14. 15. 16. 
12) Over Epsom Downs. i About five miles from Rei 
14) Sand out. iB Close to Grand Stand on Downs. 
16) Sand out. 7) eno Palace and Shooter's Hill visible. 

Diente in a straight line with us. 


18) The two towers of the Crystal Palace 
Sand 


19 out, 
21 A very fine view ; crossing high eek Reign, Sun seeii: feinty. 
23) Faint gleams of sun. 
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" Siphon Barometer. Dry and Wet Ther- 
§ Sy |_aneroid | aes ——__-—_—-- 
§2 Time. Readin att, | Barometer, ape one i 
gs and reduced | Therm. orm 
to 32° Fahr. 
hm °3. in. ° in. feet. 
(1) § 56 opm. seecse | tee es . | 26°78 3,529 
5 57 © mn =| aanvne | wee ee 26°75 3,562 
(2) 5 Ly re seneee 26°75 3,562 
O OO 4g | cacer ere . 26°70 3,617 
6 £ O 5p | caneee || wun cee fnew e ee sesese 
6 2 0 55 | eeaes : soeeee 26°78 3,529 
6 3 © gg || wen cee | wee ree 27°05 3,250 
6 3:30 5 | cae . veceee 27°05 3,250 
3 640, rr errr 27°05 3,250 
3 6 5 0 gp | wen eee | cee eee 26°78 3,529 
(5) 6 5 30 1 | tune © | cases 26°58 3,720 
(6) 6 7 Oy | aan ee errs 26-15 4,133 
680, Ps errr 25°80 4,610 
6 9 © wp | never en rrrey . 25°80 4,610 
612 0, woe | cee ene 25°48 49°95 
(7) 613 0 5p | nen cee fsa eee 25°30 §,10§ 
(8) i 7 - e ee  Prrren a5'15 5,271 
61g 0 gy | aeeeee | wees : 25°10 5.327 
(9) 616 0 4, | aaasee | cane 25°05 5,382 
617 © gy | wanene | wav eee 24°90 59550 
eS A es ees eres rer 
618 0 4g | caw eee | wen eee 24°78 5,684 
6 19 © 5p =| aeneve | ann vee 24°75 5,718 
620 © 4, | enone ss | wae nes 24°70 5,772 
6 22 0 55 | vaceee | enw ee 24°65 5,328 
(10) 622 0 4p | aeveee | ween 24°60 5,884 
6 22 30 4, | severe | nnn 24°45 6,052 
623 0 45 | wnveee few eee tosses | teenes 
6 24 0 4p | vaneee | wen eee 24°10 6,451 
627 © 4p | wane . vee see 23°95 6,623 
628 0 4, | caveee | wwe 23°95 , 6,623 
629 0 4, fs vvevee fae eee 23°98 | 6,588 
(11) 63 0 4, | weve | wae eee 24°20 6,328 
6 32 0 4, | * weaee : . 24°32 6,186 
633 0°,, re errr 24°32 6,186 
6 34 0 4, | coon ee rrrere 24°32 6,186 
635 © 4 | eee en errr 24°30 6,210 
ers eT es errr , 24°30 6,210 
638 © ,, | vaeere fine weee 24°50 5,976 
6 40 © 4, | coon 0 | wee eee 24°45 031 
646 o,, os errr 24°40 6,087 
647 0 gy | wen en rere 24°45 6,031 
647 30 yy | ren nne few ene | tence | teen ee 
648 0 4, | caveee eoeaes 24°20 6,309 
649 0, a ere 24°ES 6,365 
6 50 0 4, =| eevee eres 24°10 6,420 
6 5x 0 4, | waence | tee ee : 24°10 6,420 
(12) 6 52 0 yy {| aeneee | wee ee 24°07 6,453 
6 53 0 55 | eneeee | we nee 24°05 6,475 
1. 2. 3. 4. 5. 
(1) Faint gleams of sun. 2) Ozone: Moffat 1 ; Schonbein o*s ; Lowe 3. 
3) Sand out; misty, 4) Chilly to sense, ae 
(3 i 3) Ozone: Moffat 1; Schénbein 1; Lowe 3. 


"\ Send out. (8) Very misty. 
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mometers (free). Negretti i Dry and Wet Thermometers (aspirated). Hygrometers. 

an 

l Zambra’s Daniell’s, | Regnault’s. 

| Di, {Dew- t. ° Dew-point. 

: me me | OF Pa | Dew-point. | Dew-point 
° ° ° ° ° ° 9 
7°5 49°8 csvcee | senene oveee 50°0 
7S 49°8 
"2 50°0 
72 50°o 

i 72 50°2 eeveee enseee eee 50°0 

ey A | 50°32 
6-9 §0°3 eoeeee ee coenee 500 

| 65 49°8 
65 49°8 wesece eovece coecee gro 
6°9 49°2 
69 48°1 coesee | caeeee ove 50°3 
72 | 464 
6°0 47°1 
5°9 47°0 57°7 woecee | cecvee | covece | ceeees 49°0 
3°3 49°5 S670 foe eee bee 49°2 
3°83 49'S | ceneee | coe oe | weeene | coceee | ceveen 50°0 
4°7 47°83 ecceee | cecece eee 49°0 
4°3 Ye ee eee eee rrr nn ire 49°0 
3°0 Lot nd eer ere os oes 49°5 
4°9 476 

seceee fF escoesee | psecvve eegcee eegcen 49°3 
47 AT'D =| naceee | ween . veceee 48'0 
47 47°2 
570 466 | ...... coves eseeee 47°! 
Le 46°4 eoevse eocvee eee ooccce ecccee 47°0 
$°s 45°5 @ovces Geacse [| teeees onvece eoncce 46's 
6-0 43°! 
eoccce | covsece eeveces ecccoe ateocce ryoyyy eccace 46:0 
6°3 40°9 sores eo | eeceee fF cence Cvcese PYyyi1) 42°5 
8°3 38°6 eevoce eecve eoe | ececce ° evecen 42°0 
54 41°4 
5°5 415 
6°0 41°8 5370 

| 59 41°32 §3°0 eesene | eeones @eoces Ff eeeece 41°5 
6-0 41r°0 53°0 

| 6°0 41°0 53°70 eeores | cnveee coceee ovees 4r°5 

i 60 4ro gz eovces | ceveee eevee cone 40°8 

| 
4°38 43°4 
5°5 42°0 
5°§ 41°5 
4°4 43°4 peccee | esccee erry) eeccen eesees 42°0 
48 42S | sce oee coesee | ceeeee Ff cannes cocees 41°83 

| 47 See ee rere err er ree ‘ eeenee 41°5 
4°3 428 51a 
4°3 42°4 gro eeeces eetese FF ecevcee @0ecece 41°§ 

45 419 grt 
57 39° | seeaee coves | aeeeee coevee | secees 40°4 
52 HOT | wees Goeees oesene woenes | ceenee 40°0 
ee ee ee ee | 

8. 9. 10, ll. 12. 13. 14. 15, 16. 
(9) Over Horsham. 

(10) Cirrus and cirrostratus clouds far above. 

(11) Very thick; objects below are very indistinct. 

(12) The coast at Brighton is distinctly visible. 
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Siphon Barometer. 


Aneroid | Height above 


Time. Reading Barometer 
corrected Tt No. 2. | sel 
and reduced erm. 


to 32° Fabr. 


Ba ofS O 


Ww us 


0000000 


we 


ess te 
eeerses 

woeose 
eeoene 8 f + $=%}j®@*se 880 
season 8 ff eee 048 

esesne 
eensee fF #889 080 
eeovee 8 Ff eee 888 
eevoce Lf eee ee8 
esesse -— @wenvee jf #en¢#8 J £# i ecs0es0 
esaees j[ jjj§§ees¢ee 


esesee fF jj -@e8 809 
eeeeoe 
een see 
eoacen | £=@88 @ee 
@evece 
vowecee | $=jj@een08 
eee eee 
seeene ge {| @ee #e¢6@ 


eonseon of, «ee 066 


SR Re SST DAAAAAAH DH Qype’ 


(1) Misty. ; 2) Shoreham and Worthing. 
~) A beautiful view of the Downs. ' 
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eoevees 


MUO NYU ONO DS =D AWW we 


PWD OO WENQWO OWAAMAMN HWWWHHHHAUN AHUUUNNAphO 
Mm AWM INO OW O NWO OOn 


MP OW OC ONWOWS OYOUOF HW OOO ANU AU auso 


o| EEEPPARATHARERAATAA SA HAASt 


8. 1, =o. 12 = 18. 14. “16. 16. 
) Brighton seen. (6) Sand out. 
(7 oon entered the east current. (8) Sand out, (9) Sand, out. 
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Siphon Barometer. 


Aneroid | Height above 
Barometer, sea-level. 
On Be 


Dry. Wet. 
in. feet. ° ° 
28°80 1,485 | = 63°5 53°5 
28°80 1,485 63°5 54° 
28°35 1,437 63°83 54a' 
28°90 1,388 64-1 54°5 
29°00 1,290 | 64°3 54°5 
29°40 904 | 64°5 54°5 
29°40 994 | §5°5 | 55's 
29°40 904 | 65°5 56°0 
29°40 go4 65°6 56°0 
29°40 904 65°8 5770 
29°30 994 66°: 56°5 


RR 8 8 8 8 8 8 8 8 8 9 8 


f 3 We are moving parallel to the coast. QO Sand out. 


3) Very fine view of the Downs. 4) Nearly over Lancaster Harboar. 
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Balloon Ascent, from the Crystal Palace, July 11, 1863. 


8. . 10. 11. 12. 13. 14. 15. 16. ° 


5) Flocks of sheep are huddling together. 6) Can see the Isle of Wight, and Solent. 
& Over the Downs. Smoke moving towards the coast, 
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Siphon Barometer. Dry and Wet Ther- 
Ee nw e e ——— eee 

Reading paneroid ; Height above 

corrected | Att. [°"No.a, | “ler | pny. 


| hm i =s in. ° in. 
744 opm. |e... ee eee 28°45 
(1) a a ee ee 28°56 
745 OD » | vencee =] sew eee 28°56 
| (2) 746 05, sssece | tee eee 28°70 
Ae I 28°75 
3 VA ar Ue ee ee ee 23°80 
4 T47 0 | ceveee | tee ene 28°80 
5 7 A ee ee 28°80 
(6 7 48 30 5, | cavere | tow ene 28°80 
| 749 0 19 | eoneee | tne nee 28°80 
749 30», | evneee | wee eee 28°80 
7 28°95 
7 §2 30 9 = || eww ene | ww owe 29°00 
750 45 19 | ceeees stones 29°00 
yt ak Te Se ee 29°05 
7 §2 © | ean ene | seeeee 29°08 
(7) 7 §2 30 5 | ese nee | tee eee 29°55 
| ae ee eee ee 29°25 
| 7 a ee ee 29°28 
, (8) A ee ee Te 29°30 
7 §5 © ss fF senses ery 29°30 
(9) 7 Ce eee 29°30 
7 5645 15 | eaeven | enn eee 29°28 
757 Oy | coves | tweens 29°30 
(10) yy a ee ee 29°27 
7 58 © 5p | eaenee | we ee 29°30 
7 58 30 » [| ste eee eoeces 29°30 
(11) A ee ee 29°30 
yk Ge 29°35 
13} 75945 1» | roeeee | aves 29°50 
13 S$ x © ,, | coves | wwe vee 29°55 
14 8 1 30 4, 
15 8 2 © yy | tvnene fw an one 29°4 573 
16 : 3 0 fee sooane | 29°3 $770 
ok OT Os 29°15 56°8 
(17) 8 6 0 | creere fae ae 29°05 56°83 
8 4 30 » eevee | tenes 29°00 §7°0 
(18) B 5 0 4, | cvnee | tv oe 29°05 570 
(19) ee eS ee 29°95 57-0 
8 6 © yy || awaee =| wet eee 29°10 571 
(20) 8 6 30, eee eve erence | 29°25 78 
$7 0 yy cannes twee eee 29°20 571 
9} + iy oe 1. a Poe 29°25 gyt 
(22 a a ee reer 29°25 svi | 
a a 
1. 2. 3. 4, . (f 
(3 Railway. (2) Can see Arundel. 
(8) A fine park; Duke of Norfolk's. (4) Arundel Castle. 
5 in within the influence of the Kast wind. {B Not far from Bognor. 


Tinkling of sheep bells ; the roads are remarkably white. 
8) Very wooded country. 
9) The acene was now almost fairy-like, the panorama seemed to be moving; the wind 
was 8.1. 
(10) Cries of “ comedown” distinctly heard, and the cheering cries of children heard above 
other sounds. (11) The wind is now E. ; sea-breeze felt. 
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Balloon Ascent, from the Crystal Palace, July 11, 1863. 


mometers (free). Negretti Dry and Wet Thermometers (aspirated). Hygrometers. 
Zambra’s Daniell’s. "s 
meter. Dew-point. | Dew-point 
o ° °o .-] ] ° ° 
GHD | aeecce | concen | teseee | tee eee 47° 
" evace Pees rer eee eres Gere ey @ $$  eescce 47° 5 
. e 
Sees eee eee ere eee ee er rer 48°0 
" soees es rrr re Te ee ere ae ee 48°5 
8°4 49°32 
84 2 
8-8 3 
8-7 49°0 64°9 cecane | one a rere rere 49°0 
8-7 49'0 
83 | 49°7 
8-2 50°o 
8-a SOO fF cuevee | cee nee oeceee . §0°0 
8-2 50°0 
$‘o 5°°7 voces | cennee cevece | ceccce | ceeeee §0°5 
7°38 50°8 
$a 49°9 wocese | cesce | ceveee | aevene | ceoeee 50°8 
Se 50°§ 
oP §0°5 
8:3 50°5 
S*x §0°5 
8-o 50°9 
8-0 50'9 65°5 wccece | cevece | ances | coenee 51°0 
8-o 50°” 
9°% 49°6 
8°7 49°9 
8-7 49°9 
8-5 i s es rere Mer secs | cesaee 51°§ 
8-0 504 
8-o 504 
8-o 50°§ 
80 50°5 
8-2 50's 
8-2 50°5 65°3 
oe 50°5 
8. 9. 10. 11. 12. 13. 14. 15. 16. 
(12) Moving due West. 18) Over Dale Park, and moving towards Portamouth. 
(14) Sand ont. 15) Very wooded country, with forests of wood. 
(16) A pack of dogs barking at the balloon in the wildest state of excitement. 


tia} Ducks and are scuttling away very much frightened. 

(18) Packed up hygrometer. (19) A very extensive wood under us. 
Oy over avery extensive wood. 4 fro the 

p e are apparently about 4 or 5 miles from the coast. 

(233 Heard a bugle ; Chichester was stated to be 5 miles from us, by a countryman to 
whom we spoke. 
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h 
$8 9g opm, | a, | coe eee 2g'15 1,145 65°2 $73 
ee ee eee 28°72 1,561 64°5 56'1 
8 10 0 45 | vvvece | ae eee 28°65 1,629 64°5 56°5 
BS 10 TS yy | wee eee | tee ee 28°65 1,629 42 558 
ae Cy er ee eee 28°58 1,697 64°3 55°5 
Brrr © 5p | vunvee | ww ee 28°58 1,697 5 55'S 
8 11 30 », en Teer 28°58 1,697 
Bre 0 yy | nnnee | caw eee 28°65 1,629 64°2 55°S 
813 0 4 | vanree | wee 23°75 $,532 64°2 5573 
(1) 814 0 97 | coneee 28°75 1,532 64-2 56°0 
8 14 30 9 | cevvee | wen eee 28°35 1,435 64°2 56°0 
Bs 0 55 | cevern | wen nee 29°10 1,190 63°8 56-2 
ea er ee 29°15 1,142 63°9 56°5 
$16 © 4, | wencee |] wen eee 29°20 1,094 64°2 56°5 
(2) 8 16 15 45 | vee vee fee eee 29°25 1,046 64°2 $770 
827 © 9 | cents ae nee 29°35 950 64°5 5770 
$17 30 49 | nan ern | wen ee 29°35 950 64°5 $770 
$18 0 5) | scene | wanes . | 29°35 950 64°5 57°0 
S$ 1B 15 59 | cance | ane nee 29°42 3 64°8 570° 
B18 30 4, | sssene | wee eee 29°48 825 64°8 5770 
B19 0 ny |. cvenee | see oe 29°52 789 64°38 57°23 
$19 30 4, | rence een ee 29°55 760 64°2 §7't 
$20 © 5, | vevvee | we nee 29°55 760 65°5 5773 
$20 15 59 | ceneve | cues . | 29°50 $08 65°2 $772 
82045 | cones a arrrrr 29°48 825 65°34 572 
B2r © 55 | cancee | ewe ne 29°30 998 65°1 7°32 
$22 © 4, | caccee | eve eee 29°05 1,239 64°83 56"! 
$22 30 4, | aeons 29°00 1,289 64'8 56-1 
B23 0 4, | cance | ean ene 28°78 1,502 64'S 561 
B25 30 59 | crneen | tee eee 28°70 1,580 64'5 560 
(3) 82g 0 yp | neneee | wee 28°63 1, 64°5 563 
$25 ©,, rn rere 23°58 1,696 64°0 55°3 
$26 0 yy | canere | cee eee 28°63 1,648 64°2 560 
$27 0 yy | canescens 28°71 1,570 64°32 560 
$27 30 4, | cavece | tnneee 28°85 1,436 64°2 §7°0 
ZB aS © 4, || caneen | tenes 29°10 1,196 64:2 56°5 
$29 0 4, | eves ee errr 29°10 1,196 64°2 567 
B30 0 | aseeee | ten eee 29°30 1,004 64°2 $7"? 
83x © yy | ceneee | teens 29°30 3,004 64°2 57°! 
835 30 4 | teneee | cane 29°50 812 64°5 57°: 
B32 0 4 | aaeeae | ate ee 29°52 793 64°5 $72 
(4) $32 30 4, | verre | won ae 29°65 666 65°3 58-2 
$3300 4, | ceseee | totes 29°53 780 651 82 | 
B33 30 5p | weeeee | teens 29°32 980 651 $73 
5 $34 0 | cence | tee eee 29°31 1,085 65°0 573 
6 8 40 «Ol; 
re errr Os es 68:5 
1 2. 3 4. 5. 6 7 


(1) Goodwood Park visible; we shall go over it. (2) Bugle again. 
t33 Packed up the gridiron thermometer. 
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Balloon Ascent, from the Crystal Palace, July 11, 1863. 


Negretti Dry and Wet Thermometers (aspirated). Aygrometers. 

an a 
Zambra's Daniell’s. | Rezuault’s, 
Gridiron 

. ” . Wet. if. |Dew-point. 

Thermo- Dr P ~ Dew-point. | Dew-point. 

e ° ry re) ° ° 9 J ° 

3-3 50's 

3°4 49°2 

8-0 49'2 

8-4 48°9 

3°8 43°3 

go | 481 

8°7 48°4 

9°0 47°8 

8-2 49°3 

8-2 49°3 

76 49°9 

74 5°°4 

77 50°% 

72 gto 64°3 

7°5 50°8 

7°5 59°8 

7°5 50°8 

7°38 506 

7°3 50°6 

7°6 gtvo 

71 gaa 

$-4 50'2 

8-5 §0°5 

8-0 50°6 

So 50°5 

3°7 49°0 e 

8°7 49°0 

8°4 49'2 

8-5 49°0 

8°3 49°4 64°5 

8°7 43'1 

8-2 49'2 

8-2 49°2 

72 §1°o 

77 5o°8 

75 59°3 

71 512 

7°48 512 

7°4 510 

7°3 51°2 

6-9 52°6 

6°9 52°6 

79 5°°7 

79 «| 506 

8 9. 10. ll. 12. 13. 


(4) Over Goodwood Park; wooded country. 
(5) Packed up instruments. (6) On the ground. 


1863. 2x 
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Taste I,—Meteorological Observations niade fh the Thitteenth 


Dry ahd Wet Ther- 
Dry. 
© 
61-5 | 60's 
61° 612 
61-3 631 
61°3 63°13 
60°5 6o'o 
60'5 59°3 
4 
45 ee ee 
45 st 58°0 
45 55°3 57% 
45 
45 575 | 56s 
45 56°5 555 
4 54 
455 56°0 56°0 
4 55 
455 54°8 54°8 
455 
4 56 5HO | 54° | 
4 56 53°$ 53°5 
4 57 54°32 S4'a 
4 57 54°0 54°60 
4 58 54°8 54a 
4 58 53°S 53°§ 
4 59 53°83 53°3 
4 59 53°97 53°5 
5 0° 550 55° 
§ 0 
5 1! 55°o 55°° 
5 1 
5 3 54°5 54°5 
5 2 54°38 543 
5 2 
5 2 539 | 538 
5 2 
5 3 53°5 53°3 
5 3 
5 3 
5 3 53°5 53°0 
§ 4 53°5 53°5 
5 § 53°7 §2°3 
5 6 53°$ | 53° 
5 7 
5 7 53°5 533 
6. 7 
Geet it apy 
‘Drops of rain as as fo ieces. 
3) Balloon left the earth. yP (4) Entered clouds. 
8 Earth out of sight on three sides; Crystal Palace still visible. 
6) In clouds; clouds very light; earth entirely out of sight. _ _ 
(7) Gas let out; clouds vary light. " (8) Gas let out; very cloudy. 
(9) Gas very cloudy. ve Train heard. 
(11) In dry cloud. 12) In white cloud. 
(13) Darker above than below. (14) In dense fog. 
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Balloon Ascent, from the Crystal Palace, July 21, 1863. 
Negretti Dry and Wet Thermometers (aspirated). Hygrometers. 


and 
fambra’s Deniell’s. | Regnault’ 
Gridiron : 
Dew-point. Diff. |Dew-point. ; 
pen Theemo- md _ Dew-point. | Dew-point. 
°o Qo o ° 
600 
56°5 | 
| 
| 
53°5 | 
54'0 | 
wosece | ceccee | ceccee ff ceweee | cee eee or ! 54°5 
| 
| 
! 
§5°O | eee rs error | 550 
! 
aecsce | ceveee | cence | cneaee po ceeeee | tenes i  §4°0 
53°8 | ; 
sees | ceense | ceenee fo ceevee fo cates eeease 53°0 
seocee | anaces eevees acboee §2°0 
10. 11. 14. 15. 16, 
15 Gas getting clearer. 16 Sand out. 7) Hammering heard. 
18) Hum of London heard ; bell tolt ti Heard railway whistle. 
20 Clouds above darker than those below ; can see the white edge of lower cloud. 


21) Out of cloud. 
22) Karth visible through « break in the olouds. (23) Docks visible below. 
24) Docks and River visible; over Greenwich’; ships visible. 
38) Tn yo or lower lands N.E., and faster 

wer moving N.E., much than we are, 
Wisa's, W.; moving 


Q2u2 


| 


Tastx I.—Meteorological Observations made in the Thirteenth 
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$ P Siphon Barometer. 
3 z Time. Reading Barometer, 
3 corrected Att. No. 2 
3 and reduced | Therm. _™ 
to 32° Fahr. 
hm s in. ° in 
5 Z AS PM. fo necee | cece 27°20 
ns es ree 27°30 
? S$ BIS wm | vencee | cane 27°35 
2) § 8 30 op | weeeee wee eee 27°50 
in 5 8 45 » 
4) § 9 O np | nunvee | wen eee 27°60 
5 i rT es ree a7 
ee en ee ee 27°80 
(5) $10 0 gg | acces | tueeee fe ; vose 
Le Ck (er rs eee 28-co 
(6) Cae oy 5 rn es reer s Srerren 
i . re es eee 23°20 
(% ee a rs re er 28°33 
8) SIZ © 4p ft nceeee | ans eee | cence 
(9) $32 38 op | wenvee | wee eee 28°70 
(10) 5 12 30 ,, 
$13 8 gp | wan ene | new 28°80 
Coe & ak (er rere 28°70 
$14 © gy | weaeee | tees 28°60 
Ce? ak re ree 28°50 
(11) § 1S © np | wanre | new ee 28°40 
S$ IS TS nn | we eee | wee eee 28°05 
$15 JO 5, =f navene =] we nee 27°80 
eae ee ees eee 27°75 
(13) § 36 0 4, | nnneee | teens 27°65 
§ 16 ) ry ee ee Meee 27°30 
§ 36 30 4p | cveene fen eee 27°30 
ey er eT re ree 
§ 37 30 95 | wnneee | snes 27°10 
g§318 0,, seqese | sees 26°90 
§ 18 30 4, | cane en errr 26°70 
Ce ee ee rrr 20°55 
(13) § 19 30 op | wenere | wee ees 26°42 
5 20 0 ng | naeeee | ene eee 26°40 
153 § 20 30 4, | vereee | nw eee 26°35 
WS) | § 8045 4g | tee ene | cn eee 26°38 
§ 20 O 5g, | aceene | wee wee 26°39 
(16) 5 22 30 gy || weneee | nee ees 26°40 
§ 22 0 gg | wanena | tee eee 26°50 
8} Cae ak en ee ee 26°50 
18 § 23 Og rr rere 26°70 
§ 2315 », tenses | wens 26°75 
§ 23 30 ,, es rere 26°95 
(19) S 2R 0 gg | crenee | enw eee 27°30 
5 24 30 9p | aveere | tne nee 27°45 
] 2. 3 4, 


1) In cloud. 
2) Over high road; scud below moving 


ich we were moving recently. 


Height above 
sea-level. 


Dry and Wet The- 
Dry. Wet. 

e e 
54°2 53°5 
54°2 53°5 
54°32 | 53'S | 
55°5 542 
sso | sas | 
55°5 54°! 
53°5 540 | 
eo cr 
562 551 
562 553 
562 56°0 
572 56'5 
$778 | ceneee 
57°34 $773 
57°5 57°5 
§7°§ §7°5 
56° 563 
55°5 55° 
548 54°8 
54°23 54°2 
54°2 540 
54°0 53°5 
550 540 
53°5 §3°0 
53°0 §2°3 
53°2 §2°0 
53°2 52°5 
53°5 §2°1 
52°5 gus 
§2°2 515 
§2°2 §2°2 
52°32 52°2 
540 53°5 

6. 7. 


apparently much faster than the balloon. 

(3) See the earth through a thin layer of cloud. 

iat Over a field ; detached clouds below; we are moving in an opposite direction to thst 
w 


(5) Scud below moving very fast. 


(6) Passing below lower stratum ; over River Lea. 


a Over Walthamstow; carts visible. 
% Over East Tondon Cemetery. 


(10 


5} Nearly over Victoria Park. 
Lowering grapnel. 
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Balloon Ascent, from the Crystal Palace, July 21, 1863. 


mometers (free). Negretti Dry and Wet Thermometers (aspirated’. Hygrometers. 
an ee 
Zambra’s . 
oa. Daniell’ ault’ 
Dif, |Dew-point.| GF" | Dry. | wet. Diff. | Dew-point. * | Regmeniv's 
meter. Dew-point. | Dew-point. 
° o i+) o ° a ° Qe 
o°7 §2°8 54°2 
o°7 g2°8 
oF 52'8 
o"9 53°3 
o°8 53°4 55°0 
"4 §2°7 
I°5 §2°5 
eseves [— §eeesse if  ##8 #80 ese 2e6 eeente eveo0e eoceses @eeonce §3°0 
o'9 54°3 
"8 54°! g6°2 
o*4 55°4 
oa 558 
o'7 55°8 
rs errerr 57°38 
o°o $7°2 
0°o $7°5 , 
oo §7°5 57°S | twee ceaces cence cosees woesns 58'0, 
0°o 56a 
oo 55°5 
hs) 54°8 
o°o 542 54°2 
ccccce | ceecce | tae eee | tee eee eveeee ceeene cocees eosece 54°5 
o"2 53°8 54°3 
0°5 5370 
10 530 
a°5 §2°5 
o°8 514 
3°23 508 
o°7 518 esseove — see06 e @eecoe f— s@ve08 @eeess aeoete gr’s 
| 24 5°°7 
| oF giz ° 
| o7 50°8 
o"o §2°2 
os §2°2 seesen esoese eoxeee eeneces eevee eaeeee §2°0 


8. 9. 10. 11. 12.. 13. 14, 15. 16. 
(11) In fog. (12) In cloud. 
(13) Clouds on same level as ourselves ; some below ; darker above ; gas thick and opaque 
railway whistle heard. (14) Large masses of cumulus cloud below; light belsw. 
(3 Light below ; dark above. (16) In fog. 
(17) Fine rain falling ; grapnel visible plainly ; misty all round. 


(18) In wetting fog. 
(19) Very fine rain falling; clouds blackish below; earth visible; water dropping from 
the balloon; scud below. 
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(16) 


REPORT—18638. 


Tastx I.—Meteorological Observations made in the Thirteenth 


Siphon Barometer. 
Time. Reading Barometer, 
corrected Att. No. 2. - 
and reduéed | Therm. ™ 
to 82° Fahr. 
hm »s _ in, ° in. 
§ 25 opm |... eeeees 27°50 
§ 26 0 5p | cannes peeece 27°70 
5 26 30 ,, 
§ 27 DO 4p | evneee | ene 28°00 
§ 2B 0 4g | ones | een eee 28°60 
§ 28 30 4, 28°6 
$29 © pp | venvee | twee 28°66 
§ 29 3 59 || wen ene =| waw ees 28°70 
§ 390 On |. cose t teeors 28°75 
5 32 30 yp | wan eee presse 28°75 
SBE OD gy fT cvnnee | wn wee 28°95 
§ 32 30 yp | ceoeee peases 29°00 
8 3% © 4 | vennee pooees 29°00 
§ 32 3 op = || venees | wn we 28°90 
Ck oe eT ee ee 28°72 
§ 33 OS ny | wwe peeees 28°45 
Le & eS er ee 28°33 
5 33 3° » 
5 94 © gy | wanven | wn eee 27°90 
§ 34 US nn | new eee =| te ee 27°60 
§ 34.30 9 | vvnere feet 27°60 
Ca. Sr Se ee ee 27°60 
$35 oO, ee errrTr 27°68 
§ 38 3 oo | eww eee bee ves 27°78 
§ 35 45 we | cee eee | tet eee 27°80 
Cok ee ee eT 28°00 
§ 36 30 4, | wueene | et eee 28°18 
§ 37 O yy | wvacee ftw eee 28°30 
§ 37 30 wm | wun eee www ee 28°50 
5 37 45 ny | weneee | ree ee 28°60 
$39 O 4g, «| wenene =] ene wee 28°65 
5 39 45 
Cae er ee eee 28°70 
§ 40 0 yy | weneee | ww eee 28°75 
Le © 2 ee 29°05 
ay < ee er ree 29°35 
S45 0 gy | teens | wen tee 29°58 
1. 2. 3. 4, 


Dry and Wet Ther. 
Height shove 
seartove’’ | Dry, Wet. 
feet. ° ° 
2,180 550 543 
1,960 55§ | 54°! | 
1,626 
1,044 59°° 59°0 
995 61°0 61-0 
987 61°2 61°2 
948 63k 63°3 
ga0 . 61°5 61°5 
goo 63: 61°5 
706 61° 65°3 
651 
651 61°5 61-5 
73 | 
939 | S0°5 6o°s 
1,179 
1,300 58°5 58°5 | 
1,714 57°23 57°32 
1,960 $7°5 573 
1,960 57°§ 57°5 
11960 57°§ 57°5 
1,898 57°5 57°5 
1,801 57°8 57°38 
1,780 §8°5 58°5 
1,635 589 58°9 
1,455 58°6 586 
1,330 59°2 $90 
1,131 59°5 59°5 
1,041 
996 60°0 | 
95! 609 
906 64°3 | 
636 61°5 
313 615 
ground 6x°5 60°5 | 
5. 6. 7. 


(1) In black cloud ; earth invisible ; darker below than above ; ; gas beautifully qlear ; cen 


= 


tting through the balloon. 


Epping Forest. 
Con see the.road through the Forest ; scud below ; road 
Scad far below. (7) Earth invisible; clouds above 
Packed up Daniell’s Hygrometer. (9) Gas thick and opaque; grapnel jnvisible. 
: (10). The grapeel and half of the rope are invisible. 


Invisible. 
er than below. 
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Balleon Ascent, from the Crystal Palaca, July 91, 1868. 


bit Panial]’s. 
Thermo- | Dry. Wet. - [Dew-point. 
meter. o New-point. 


o°8 53'4 
14 say 
0°0 $9°0 
ro ie) 61°0 
o'0 61°2 
o°0 GEE | sence | ce eree | caneee | seeoe | teens | wee eee 
ro Xo) 61°5 
o'0 61° 
ou 61°38 
o’o 61's 
o"o 60°5 
oO 58°5 
o’o $7" 
o°3 569 
oo 57°§ 
o"o $7°5 
o"o 57°5 
0'O 57°83 
o°o 58° 
0°o 58°9 
| oo 58°6 
o'2 58°83 
o"o $9°5 
. hd 59°5 | | 
8. 9. 10. ll. 12. 13. 14. 15. 16. 


11) The grapnel is just visible; rain pattering on the balloon. 
9 Rein-drope about ,,th of an inch in diameter. 

i Earth vimble ; scud below moving at a greater rate than we are. 

14) In cloud ; very dark; earth invimble ; wind blowing in my face. 

15) Changed direction ; passing over Wood ; can see sheep clearly. 

16) Grapnel dragged through two trees, breaking off branches, &., then through a pond, 
and finally eaught in the bank. The descent was effected in a corn-field, and various efforts 
were made to bring the balloon out ; but owing to the of the wind, the united strength 
of ten or twelve men was insufficient to get it over the h and keep it there. 
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§ 4. Anopren TEMPERATURES OF THE AIR, THE WET-BvLs, AnD THE Dew-Pornt, 
IN FivE Bartoon Ascents. 


Taste II.—Showing the adopted Reading of the Barometer, calculated Height 
above the Sea, Temperature of the Air, Temperature of the Wet-bulb 
Thermometer, and Temperature of the Dew-point in the ninth, tenth, 
and eleventh Ascents,—Nixru Ascent.—March 31. 


Resding Reading 
Time of Height Temp. || Time of Height Temp. | Temp. | 
observa- Rad the | shore the | T™P-) of the | of the || observa- we the sf Temp- of the of the 
tion. Seed level of tion. u ced level of ; e We- _ Dew- 
PM. lig ggo p,| the ses. P.M. ie 95° F,| the een. bulb. | port. 
owe ee aneees ? CES | een gee Qe | 
h m_ss}| in. feet. 


ZO 4C| ore. | eee 


21 30] 26°36 | 3698 


27 30, 23°22 | 7035 


§2 3c] 16°57 


| 
| 
| 
55 17°17 | 14622 7°O 
43 | 17°34 | 14481 56 | 17°37 | 14325 | 85 | 770 1 46 
44 16°84 | 15198 $6 30 17°37 | 14325 | gro| zo j— 85 
44 30) 15738 57 17°88 | 13614 | 10°8 Jn [—a33'5e 
45 e+e '(15793) 58 = | 18°27 | 13077 | ae7 | Bq |—174 
46 3c) 15°95 | 16669 §8 30) 18°47 | 12797 | 12°2 | ror [= 62, 
47. | 15°63 | 17060 59 | 18°87 | 12232 | 
48 35°45 | 17452 6 1 19°28 | 11674 «[33°5 | xaexr [= 7°5 
49 15°35 | 17616 2 19°47 | 11486 | 14°5 | area '—14% 
49 30 14°36 | 18475 3 19°87 | 10917 | 
50 | 14°96 | 18304 5 | 20°97 | 9570 | 19°0 
53 15°06 | 18123 8 22°38 | 7907 [21°32 | 1770 j—tr8: 
52 | 15°46 | 17400 9 (22°78 | 7443 | 21'S 
§8 30) 15°67 | 17097 9 30) .... | (7050) | 22°2 | 18:0 — o7 
59 3¢1 15°67 | 27097 10 23°48 | 6657 |23°0 | 19°5 |— 24 
5 2 15°36 | 17636 PB 23°78 | 6279 |24°2 | 20°5 — 1°5 
4 14°96 | 18293 rr 3c} 24°18 | Ssgor |24°8 | 210 | oe 
6 14°66 | 18730 12 [24°38 | 5696 [2s ' ara + 97 
6 30, 14°62 | 18795 13 24°77. | §273 |25°5 | 22°0 35, 
7 ee er 14 sees | (4910) |25'9 | 22°0 | 2°2| 
8 50] 14°37 | 19197 14 30/25°29 | 4729 [269 | 22.0 | 17 
10 14°27 | 19356 1S 25°57 | 4441 | 28°0 | 23°0 33 
12 13°47 | 20865 16 25°37 | 5168 
14 13°87 | 20076 17 26°48 | 3528 | 28°2 | 2474 | 139 
15 13°82 | 20136 19 | 26°87 | 3143 | 28's | 261 | 169 
16 13°68 | 20374 20 27°07 | 2950 |29°5 | 26:2 15°! 
20 13°18 | 2133 at 27°46 | 2570 |30°0! 2773) 84 
23 13°48 | 20749 22 27°96 | 1908 | 30°0 | 27°5 19° 
24 13°38 | 20910 22 3012816 | 1724 | 30°99 «27°§) —184 
25 12°83 | 21368 23 | 28°36 | 3590 | 31°§ | 28:0 199: 
” 52°78 | 22068 24 28°86 | 1260 | 32°2 ' 28°5 ; 200 
12°38 | 22884 25 29°c6 | 1070 | 32°8 | 290 | 2c'F 
15°98 | 16486 2§ 3C¢/29°50 893. «(1 35°0 
16°09 | 16309 30 «=| 29°8g | ground | 42°0 | | 
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Between 4° 27" and 5° 56™ I failed in obtaining any deposition of dew on 
either Daniell’s or Regnault’s hygrometer, but the wet-bulb acted very satis- 
factorily during these times, and indicated the very low readings inserted in 
the Table. 


Tasxz II. (continued.)—Trntu Ascent.—April 18. 


; | 
Time of Reading! Reight T Temp. | Temp. || Time of Renata Height Temp. Temp. | 
et- 


beerva e emp. . | of above the | TEMP-| o¢ the | of the 
| Gon. Barom. ale ra f the we mene observa | Borom. level of f th Wet- Dew- 
PMs tg duced the sea. * | bulb. | point. P.M. 'to 94° F.| the sea. bulb. | point. 
hm sin feet. ° ° ° | hm s| in. feet. © | ° ° 
O12 12980 | ...- |6r'°0 | 55-2 go2 | 3 55 14°O§ | 20338 
, 35 29°80 | o--- | 59°5 | 53°5 | 483!) 56 14°05 | 20338 
“253 | 2966] .... [608 | 54°5 | agi a 0 | 23°75 | 20943 | 13°0 | so |--s7"3 
14 |29°66| . 615 . °3 2 : 3 


siz | 45'S) 1570 | 3°0 | goto 


18 jo .... | (2380) | §5'2 | ago | 43t1| 21646 | 13°0 
39 27°57 | 2575 {540 | 480 | 42°2 33 13°30 | 21760 
20 = [26°75 | 3555 (492 | 43°09 | 364]| 34 = | 33°30 | 21760 | 165 


410 34°1 21869 ee oe 13°2 


35°! 27°5 | 22041 |13°0 | 6:2 !|—69°7 
22954 |12°0 | o°O |—97°2 
23258 | 12°3 


gos | 454] ax 
37°09 | 33°6 
24 30'23°61 | 6744 | 37°0 | 35°2 $2°6 28 wees | 23460 | 32°0 
25 30/23°21 | 7180 34°5 | 33°32 Bul 28 30, 12°50 | 23460 | 12°0 
26 \33°77 7694 | 32°8 29 12°50 | 23461 
27 30.22°70 | 7764 29 30| 12°48 | 23500 
29 | 20°85 1co20 | 32°0 | 25°8 12°13 30 12°50 | 23460 
29 30) 20°63 | 10342 30 30'13°35 | 23753 | ras | ons |—g2-8 
go. 0 | 20°12 | r1055 «| 31°5 | 24°2 5°9| 31 |12°45 | 23539 | x22 
32 19°13 | 32259 =| 23°2 33 | 12°65 23109 | 12°1 
32 30] .... |(22600) | 23°0 | 33 10 12°75 | 22907 | 145 | 30 '—88-4 
33 eee eres | 23°0 | 33 30, 13°35 21765 
34. 18°35 | 13340 | 232 33 4513755 | 21381 
34 10! 17°95 | 14030 | 21°0 | 34 | 13°65 | 21189 
35 ease |(14600) | 21°0 | 37 30 16°64 | 15998 |15°7 | J:° |—5§5°6 
35 3¢, 17°24 | 14986: 20°0 | 38 30 17°24 | 14967 
40 16°25 | 10504 | 17°2 | 13°90 |—19°0° 39 | wees 1(14670) | 16-7 | 8°38 (—51-4 


14311 
13590 | 16°5 | 10°0 |— 39°7 
@eee 17°0 14°5 ~— 4°5 


| 
wee | 542 | 47 34°05 2042 
17— [29°37 | 1030 | §9°2 | S54°0 48"4 | 9 13°65 | 21120 0! 14°2 
| 
| 


6°0 |—20°6 | 40 | 17°64 


49 14°81 | 18886 | 12°0 | 49 |—50°3 43 20°04 | 11003 | 20°2 | 18° |-+ 4°6 
50 esee [(1g1g0) J ar8 | 57 |—41'6 | 43 go! 20°24 | 10785 | 24°2 19°70 |—10°6 
52 14°37 | 19644 | 10°5 | 44 {20°94 | 9609 | 261 | 20°0 |—10%4 
§2 50, 14°15 | 20163 | 21°5 1 48 . ground | .. | 20°0 

54 | 14°15 | 20163 | 31°3 | 6°0 —35°3| | 


The rope connecting us with the earth broke; I was consequently thrown, 
by this sudden departure, among the instruments, and both Daniell’s and 
Regnault’s Hygrometers were broken; I was therefore solely dependent on 
the Wet-bulb Thermometer, whose action was throughout good. 


N.B. From all the observations of the temperature of the a'r, the wet-bulb, and the 
dew-point in the preceding Tables, a determination was made of these elements, with the 
corresponding readings of the barometer and heights. Some of the numbers in the column 
for heights have been interpolated when either of these elements have been observed with- 


out a sorrespondin observation of the barometer. The numbers thus found are within 
brackets. © results are contained in the Tables in pp. 472-475. 
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Tasxe IT. (continued. }—Exzvenra Ascent.—June 26. 
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Taste II. (continued).-—ELEventH Asoznt.—June 26 (continued). 


| 
Reading : 
Time of Height Temp. | Tem 
bserva- sd the above the Temp. of the of the 
tien. . uced 0 et ew- 
P.M. reduced red ‘| the sea. Air. | bolh. | point 


ne ee so | 78 | ed 
1X 16° 
un 16 16-24 33°0 | 26°5 | 13°4 
BI 30] 16°35 335 | 26°o | 11°8 
11 45 > 
12 16: 
12 3 ead 33°5 | 260 | 118 
33 16°34 43 27°2 | 14°9 
33 5S) 10°95 
reas 23 | abs | be 
14 15 a 430 | 37°0 29°8 
14 30] 17° 
14 $s 17°84 46-2 | 43°1 | 39°6 
14 50) 18°04 479 | 43°0 | 38°5 
1S ees 
1§ 10) 18°74 
¥§ 39! 19°04 
15 45] «-- Boro | 54°7 
t 19°77 


The readings of the Gridiron thermometer were taken occasionally only in 
the twelfth and thirteenth ascents, as checks on the accuracy of temperature 
as shown by the dry-bulb thermometer, and no combination of readings is 
necessary in these ascents for adopted temperatures, &c., and therefore in 
subsequent calculations the readings as they appear in Table I. are used. 


§ 5. Variation oF TEMPERATURE OF THE Alk WITH Heteur. 


Every reading of temperature in the preceding Tables, or the means of 
small groups of readings when observations have been taken near to each other, 
was laid down on diagrams; all these points were joined, and a curved line 
was drawn to pass through or near to them, giving them cqual weight, and 
by this means every change was made evident to the eye. 

In all these curves there were parts of the same curve showing a gradual 
decrease of temperature with increase of elevation, and a gradual increase of 
temperature with decrease of elevation. The curve of which these were parts 
was assumed to be the true curve of normal temperature freed from disturbing 
causes, and the deviation from this curve indicated the places of disturbance 
and their amounts. The next step was the reading from these curves the tem- 
perature at every thousand feet, and in this way the next Tables were formed. 

The numbers in the first column show the height in feet, beginning at 0 
feet and increasing upwards; the numbers in the second column show the in- 
terval of time in ascending to the highest point ; the notes in the third column 
show the circumstances of the observations; the numbers in the fourth and 
fifth columns the observations and the approximate normal temperatures of the 
air; and those in the next column the difference between the two preceding 
columns, or the most probable effect of the presence of cloud or mist on the 
temperature, or of other disturbing causes in operation. 

The next group of columns are arranged similarly for the descent, and the 
other groups for succeeding ascents and descents. 
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Taste IIJ.—Showing the Temperature of the Air, as read off the curve 
drawn through the observed temperatures, and as read off the curve of 
most probable normal temperature, called adopted temperature, and the 
calculated amount of disturbance from the assumed law of decrease of 
temperature. 

Nixtru Ascent, 


Temperature of the Air. 


Height, in feet, 
feel of the oes. Between Ob- “Read 
° Circum- Adopted 
dimes. [ances temp, | *™P* |Giseurbe 
ance 
March 31. ° ° ° 
23000 1°0 oo [+ Io | . 
* 22000 1°5 ro j++ 05 | , 
21000 20 2°2 |— o2 ; + 
2c000 30 | 40 [— ro! ; — 
19000 65 59 |+ 06 . — 
18000 . 10°7 So [+ 2°7 . ‘o |= 
17000 ¢ |p | 98 | 99 | 07 i ° 7 
16000 ou 12°0 | 312°0 ool 8 . . 
15000 is 3 | 143 | 140 | OZ] A 69 | 72 J— 
14000 s 7 | 160 | 16°0 070 || Q | 104 | 94 I+ 
33000 “ q 18°83 | 18:0 [4+ 08) =} 12°70 | 13°4 [+ 
12000 2 rs 18‘o | 20°3 |-— 2°3 s 134 | 13°95 I— 
11000 4 22°0 | 22°99 |— 0O'9 a 157 | 155 i+ 
10000 . 263 | 256 |j+o7' °C : 178 | 17°74 1+ 
gooo + 281 | 27°99 |+ 021 & 19°93 | 19° |-+ 
8000 30°83 | 30°78 [+ 07] 2r°o | aro 
7000 E 33°0 | 32°3 |+ 07 8 22°8 | 22°8 
000 35°38 | 345 [+ 13 24°7 | 24°5 [+ 
5000 36°0 | 36°7 |— 07 259 | 260 |— 
40co ————| 38°2 | 38°99 |— 0O°7 28'0 | 27°77. |+ 
3000 . 39°6 | 400 [— 14 29°2 | 29°5 [— 
2000 & | ago | 44°0 0°0 joo | 315 |— 
1000 i] | 472 | 470 |+ o2 33°5 | 348 j— 
) o> | §1°9 | ° 


March 31.—The sky was clear, and the amounts of deviation of tempera- 
ture on either side of the adopted curve-line were generally small, both during 
the ascent and descent of the balloon. 

On ascending, there was a curious warm stratum of air between 17,000 and 
19,000 feet high, and a similar one was met with on descending, between 
15,000 and 15,500 feet high. 
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Tansee III. (continued.) 
Tenrn ASCENT. 


Temperature of the Air. 


Ascending. 
Hei in feet, 
shore themes Ob ated 
eve: sea. | Between! -.- 

Circum-| J oeved Adopted 


what 
times. | ° ‘| temp. temp 


Ob- 
Cireum-| erved |Adopted| tect of 


disturb-|| times. | *@5°*- temp. temp. | dieturb- 
ance. 


April 18. ° 
24000 ffs ewww ee J ceeeee f teeeee Hf wee ee 
23000 . ° ° 
220C0 . ° . 
21000 . , ° 
20000 . . 13Z0 J— I ° 
19000 zg 0 | 13°95 |— 1 . 
13000 . 3 12°0 | 14°2 |= 2° 14°3 . 
17000 | © 20 | 157 |— 3°7)| 14'6 
16000 . 3 183 | 17°6 [4+ 0o'7 g 15°3 
15000 °. qj | 20°0 | 196 j+ o4|) & > 16°6 
14000 2 avo | ar7 |— o7) oF ¢ 16°3 
13000 " 23°09 | 24°0 |— 15°0, ° 3 17°0 
12000 2 240 | 263 |— 2°11 s 2. 18:0 
11c00 a 318 | 282 [+ 36] © 5 | 20°0 
1C000 : 3270 | jo°5 [+ 1°5/ © & | 25°5 
gooo | yg | 32% | 325 J 04 | £ 
8000 g | 2% | 32°5 | 349 |- 24) 8 
7000 B 13H | 356 | 378 |— 22, y 
6000 ee Sb | 4ro | 410 oro|| 


April 18.—The sky was cloudy; the amount of deviation of temperature 
was very small till the height of 7000 feet was reached, when a cold current 
was met with in the cloud; on passing out of the cloud a warm stratum was 
passed, and then alternating warm and cold currents were passed, but the 
amount of deviation was never large. The descent was so rapid that no con- 
clusions can safely be drawn from the observations in these respects. 
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Tanz III. (continued.) 


ELEVENTH ASCENT 
Temperature of the Air , 
Descending. 
Height, in feet, 
fevel of th Between Between ery 
2 sea. Ob- lated 
Circum- A 
crbat atances. what stances reblog we effect of 
snee. 
June 26. ° ° o | 
2 Clouds| . 9. 
3000 above. 18-7 | 17°83 {+ og 
22000 19°5 | 18°83 [+4 o7 
21000 Fog. | 26-0 | 19°7 |+ 63 
Faint | 26: 
20000 . cone 26°: | 21°2 |-+- 4°9 
: 
19000 F ha} 28-9 | 22°0 |-+ 69 
a § : 
18000 a d dry agit | 23° 6 
Ln ay 9 35 |+ 5 | 
17000 r o 30°5 | 24°8 [+ 5°7; 
16000 3 . 2°o | 25°83 [4+ 6-2 
15000 8 a «| Rain. | 33°0 | 27:0 |+ 60 
14000 = B 33°09 | 28:0 [+ 5-0 
13000 ms S ZO | 292 |+ 3°8 
12000 | wv |Snow.| 33°0 | 30°4 |+4 2°6 
ee 
11000 é a 33°0 | 31°6 |4 14 
a 
10000 5B |——| 333 | 32°8 [+ os 
go00 33°9 | 33°7 |+ 078 
8000 < | 348 | 348 o°0 
7000 EF 3 369 | 366 |+ 07 
6000 > 38°0 | 38:2 [— o12 
5000 BE 4rs | aro [+ of! 
4000 ge 44°6 | 44:3 (+ 93 
3000 48°3 | 48:8 oo 
2000 LE 546 | 54°6 oo 
1000 = | 60°7 | 60°7 Xs) 
° 66°7 | 66°7 o’o 


a —— —_ 


June 26.—The morning of this day was very hot and fine; at the time of 
leaving the earth the sky was cloudy, and there was a continued succession 
of strata of dry and wet fogs, of warm and cold currents; and rain and snow 
were both met with ; the former at the height of 10,000 feet on ascending, and 
at 14,000 feet on descending, the snow being situated below the rain on 
descending, at the height of 13,000 feet. 

Between 14,000 feet and 20,000 feet there was a very remarkable warm 
current, and another, but to a less amount, at 22,000. On descending, whilst 
passing through rain and snow, or between 10,000 and 17,000 feet, there 
was scarcely any change of temperature. The results of this day are ano- 

ous. 
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. Tasie III. (contenued.) 
TWELFTH ASCENT. 


Temperature of the Ait. 


53°5 


561 


July 11.—The sky was nearly covered with cloud, and the amount of de- 
viation from the adopted temperatures was always small. 

July 21.—Heavy rain was falling on the earth during the ascent. The 
temperature declined almost evenly, and there is no great departure from the 
adopted curve. 

The next Table has been formed by taking the difference between conse= 
cutive numbers in the preceding Tables in each ascent. 
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Taste IVY.—Showing the decrease of Temperature 


March 31, Aras June 26, July 11. Juls 31 
H 
Height above 
the level of the F 
| RT | cee,» Soe 
sooo ft. | “lee: 9000 it. 
| & y ' 
Perens ! 
' I 
From , To 3 " 
ft. fe. o ° o | 
28000 | 29000] ... weet nee 
27000!28000, ... vee ] tee 
26000 | 27000] ... ere 
25000 26000] ... wee 
24000 | 25000] ... eee 
23000 | 24000] ... | bes 
22000 | 23000} 1°0 aoe 
21000 | 22000| 1°2 o8 | 0 
20000/21000/ 1°8 o7 O'§ 
19000 | 20000} 1°9 o'4 o's 
18000 | 19000} 2°! 08 o'7 
17000 | 18000] 1°9 1°o 15 
16000! 17000| 2°! 1°5 3°9 
1§000 | 16000] 2°0 1'7 2°O 
14000| 15000] 2°0 2°2 a‘ 
13000| 14000] 2°90 | 2°0 | 23 
12000 | 13000] 2°3 an | 273 
11000|12000| 2°6 2'0 2°! 
10000 | 11000; 2°7 1'9 2°3 
©00| 10000] 2°3 1°6 2°0 
000} gooo} 2°2 2°0 2°4 
7000| 8000; 2°2 1°8 2°9 
6000] 7o0oo| 2°2 "9 3°2 
go00] 6000; 2°2 5°5 370 
4gooo}] 5000) 2°3 1'7 4°6 
3000| 4000] 32°'0 18 3°7 
2000| 3000] 3°0 20 | 3°5 
1000] 2000| 3°0 3°3 3°7 
©; 1000; 4'9 72 3°7 


No. of Col. 1. 2. 3. 4 6 6 7 8 Y% 12 12. 2 BE 

The numbers at the lower elevations are all larger than those at the higher, 
agreeing in this respect with the results of the experiments of the preceding 
year, and those with a clear sky are larger than those with a cloudy sky, also 
agreeing with preceding results. 

The numbers in columns 18 and 20 show the mean results from the experi- 
ments of this year, the former when the sky was cloudy, and the latter when 
clear or mostly clear. The numbers in column 19 show the number of expe- 
riments upon which each result in column 18 is based; at heights exceeding _ 
5000 feet the experiments were mostly made on one day, viz. June 26, the 
only day, in fact, on which clouds have reached and enveloped the balloon in 
different strata and densities, exceeding the height of 4 miles. The numbers 
in column 21 show the number of experiments with clear skies, and they are 
but few. The numbers in column 22 show the total number of experiments 
which have been made at the different heights with a cloudy sky from the be- 
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in every 1000 feet of elevation up to 29,000 feet. 


Number | Number 
of A 


of § 
experi- | experi- | ner rae 


ments, | 


Mean. 
ments. ' experi- decline 


| | EEE —— ne) EE | emo | Qe 


o'8 2 ae ‘a o°8 2 | Faso 

o'8 2 o'8 3 08 2 | !ago 
I 2 1°0 3 mr’! 2 gir | 

o'9 2 o"9 3 o"9 2 9°9 

1°4 2 1°2 3 1°4 2 715 

1°3 2 I 3 “3 2 77% 

1-2 2 I 3 1'2 2 833 

1°3 2 I'9 3 1°3 2 771 

12 2 2°1 3 || +412 2 833 

1°2 2 2°! 3 1°2 2 833 
1°3 2 2°2 3 13 2 77% | 

3°3 2 2°2 3 13 2 77 

14 2 2°3 3 14 2 735 
1°5 3 2°0 3 | 1° 2 667 | 

2°0 3 aI 2 || 2°0 2 500 
oi] 24 3 2°0 2 2°4 2 417 | 
: 2°6 3 2°0 2 26 3 385 | 
‘ 32 5 "9 2 32 5 313 | 
ee 3°5 3 2°0 2 33 at 303 ! 
eee 3:0 18 I 34 18 294 | 
vos || 3°0 10 2°0 sf 3°6 | 20 278 | 
— 3°4 12 3°3 I 3'8 19 264 | 
r8ii 44 g 72 I 4°5 15 222 | 


17% #8618. 19. = 20. 21. ; 26. 
ginning of the experiments, and these vary from 11 to 20 up to 5000 feet, 
and the results must therefore be very nearly true. 

The numbers in column 26 show the total number of experiments which 
have been made at the different heights with clear or nearly clear skies ; they 
vary from 4 to 12 up to the height of 23,000 feet, and there can be but little 
doubt that the numbers in column 25 are closely approximate to the true 
numbers up to this elevation; above 24,000 feet, the number of experiments 
are too few to speak with any confidence. 

The numbers in column 22, showing the decrease of temperature for 1000 
feet increase of elevation with a cloudy sky, differ very much from those in 
column 25, showing the decrease for the same space with a clear sky, the 
former being much smaller up to the height of 18,000 feet ; at heights greater 
than ah feet the differences between the results in the two states of the sky 
are 8m 


The numbers in column 24 show the average increase of salar at every 
I 
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1000 feet, for a decrease of temperature of 1° with a cloudy sky; from these 
- we see that up to 1000 feet the average space is: 222 feet, the spacefor each 1000 

feet increasing till at 20,000 feet it requires fully 1000 feet for a change of 
1° of temperature. 

In the last column the same results are shown for clear, or nearly clear sky, 
and they show that a change of 1° takes place for an average increase of 139 
feet in the first 1000 feet ; this space gradually increasing to fully 1000 feet 
at heights exceeding 23,000 feet. 

By comparing the numbers in columns 24 and 27 together, the different 
spaces required to be passed through for a decline of 1° of temperature in the 
two states of the sky will be readily seen: up to 20,000 feet it is generally 
necessary to pass through a much larger change of elevation for a decline of 
1° of temperature than with a clear sky; at heights exceeding 20,000 feet, 
there does not seem to be much difference in this respect between the two 
states of the sky. 

Croupy Sxr. . 

By adding together successively the numbers in column 22, we shall find 
the whole decrease of temperature from the earth to the different elevations ; 
the results with a cloudy sky are as follows :-— 


feet feet ° feet. 
From 0 to 1,000 the decrease was 4:5, or 1° on the average of 222 


” 2,000 ry) 8:3 99 241 
i) 3,000 ” 11°9 99 253 
” 4,000 ” 15:3 » 262 
29 5,000 ” 18-6 ” 289 
”» 6,000 ” 21°8 ” 275 
” 7,000 ” 24-4 ” 287 
” 8,000 ”» 26°8 "ys 299 
” 9,000 ” 28:8 ” 313 
”» 10,000 ” 30°3 ” 331 
”9 11,000 ” 31:7 99 348 
» 12,000 ” 83-0 ” 365 
” 13,000 » 84:3 ” 381 
» 14,000 ” 35°5 ” 395 
a 15,000 ” 36-7 ” 409 
” 16,000 ” 88-0 ”» =422 
» 17,000 ” 89°2 - 5 434 
9 18,000 ” 40:5 » 445 
» ~ 19,000 ” 41-9 » 455 
” 20,000 » 42:8 3 468 
” 21,000 ” 43:9. 9 479 
” 22,000 ” 44°7 ” 492 
” 23,000 ” 45°5 ” 506 


These results, showing the whole decrease of temperature of the air from 
the.earth up to 23,000 feet, differ very considerably from those with a clear 
sky, to be spoken of presently. The numbers in the last column show the 
average increment of height for a decline of 1°, as found by using the tempe- 
ratures of the extremities of the column alone. To 1000 feet high the average 
48 1° in 222 feet, increasing gradually to 1° in 300 feet at 8000 feet high, 
‘and to 506 feet at the height of 23,000 feet. 


Crear Sry. 


By adding together the numbers in column 25 in the same way the 
following results are found :— - 
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feet feet ° feet. 
From 0 to 1,000 the decrease was 7:2, or 1° on the average of 139 
12:2 


99 2,000 ” ” 164 
” 3,000 9 16:2 ” 186 
” 4,000 ” 19-4 ” 207 
» 5,000 » 22:1 99 227 
> 6,000 ” 24°7 ” 243 
” 7,000 » 27°3 ” 257 
- 8,000 ” 29-8 - 269 
” 9,000 ” 32°3 9 278 
” 10,000 ” 34°8 ” 288 
” 11,000 9 37:3 ” 295 
”» 12,000 ” 39°8 9 302 
o 13,000 9 42°2 99. 308 
” 14,000 99 44-4 ” 316 
” 16,000 ” 46°5 ” $23 
- 16,000 ” 48-5 ” 331 
»» 17,000 ” 50°4 ” 338 
9 18,000 ” 62-1 ” 346 
” 19,000 99 53°6 » 366 
» 20,000 - 54°9 ” 365 
» 21,000 93 56-1 %9 375 
» 22,000 ” 57-2 ” 385 
- 23,000 - 58:0 ” 396 
” 24,000 9 59°3 ” 406 
” 25,000 ” 60°4 9” 416 
» 26,000 ” 61:4 9 425 
” 27,000 ” 62-4 ” 434 
29 28,000 » 63:3 ” 444 
” 29,000 ” 64:1 ” 454 


99 30,000 . ” 64-6 . ” 464 

These results, showing the whole decrease of-temperature from the ground 
to 30,000 feet, differ greatly, as just mentioned, from those with a cloudy sky. 

The numbers in the last column, showing the average increase of height for 
a decline of 1° of temperature from the ground to that elevation, are all smaller 
than those with a cloudy sky at the same elevation. Each result, up to 
22,000 feet, is based upon at least six experiments, taken at different times 
of the year, and up to this height considerable confidence may be placed in 
the results ; they show that a change takes place in the first 1000 feet of 1° 
on an average of every 139 feet, increasing to about 300 feet at 11,000 or 
12,000 feet; in the experiments taken in the year 1862, this space of 300 
feet was at 14,000 feet high, therefore the changes of temperature have been 
less in 1863 than those in 1862. The latter experiments, however, have 
been taken at different times of the year from those of the former, and 
it would seem probable that this element varies with the season of the year. 
Every experiment proves that the theory of a decline of 1° for every in- 
crease of 300 feet must be absolutely put on one side, as without exception 
the fall of 1° has always taken place in the smallest space when near the 
earth. To determine this space, and also the law of decrease near the earth, 
all the observations of temperature of the air up to 5000 feet were laid down 
on large diagrams, and a line was made to pass through them, giving equal 
weight to every observation ; the result at every 200 feet was then read out, 
and in this way the next series of Tables were formed. 

212 
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Taste V.—Showing the Mean Temperature of the Air at every 200 feet up 
to 5000 feet.—Ninra Ascent. 


Temperature of the Air. | 
Ascending. Descending. 
Height, in feet, ; 
level of the ses. Betw Ob | Sted Bet Ob- | lated 
am . Crum erved Adopted effect of | what Circa served Adopted | -gect of | 
times. temp disturb- | times. "| temp. P- | distarb-! 
ance. *" ance. 
Ss eee _mce: | 
March 31 ° ° o (| ° | | | 
5000 36°00) 36°7/— o'7 | 25°9 26-0 — or"! 
4800 37°0| 37°2'— O72; 26°5| 264 + O77, 
4600 37°3| 37°6'— 03] 27°4| 26°71-+ o7 | 
4400 2 37°5| 381 |/— 0°61 28:0} ayo!l+ x-0; 
4200 37°5| 385 \— o'9 28-0/ 274 + o6 
4000 SB | 382) 389\- 07] 28-0| 277 i+ o-3 
3800 g RQ 33°5| 3973 - o'8 | 3 28-1} 28:0 '+ o8 
3600 oh 38°0| 39°7'— 17 | =| 28:2| 2384 — o72, 
| 3400 | 38°0| 4go71|— 2°! | o 28°4| 28-7 - 0°73 | 
3200 a 38°83) gos|— 17 OF 28°5) 2g1'— o6: 
3000 4. 396 | gro|— r4ll + ey | 29°2 | 29°5|— 0-3] 
2800 8 40°5; 4r6'— Wal og = | 29°7 29°7 | oo | 
2600 F 413) 42°2,- 079) § 5 jo'o 30°0 | oo 
240 A 42°2| 42°38 — 06 s Z | joo 30°§ — O§ 
2200 g 430] 434'- 04] 3 | 30°0| 31r0|— s-o| 
2000 ° 44°0| 44°0 oro r 30°0 30°5 |— rs 
2800 4, 448) 445'+ 02/ & 30°5| 320 — r5| 
1600 g s. 45°7| 4571+ 0°6 “ 414) 32°6'— 1-2} 
1400 ¥ 46°3) 45°7\+ 06) & 32°) 332,.— rz) 
12¢0 & S 46°83 464/+ 04) | 32°4, 33°99 — 1°5 


April 18 Ses 
F000 a 45°01 45°0| ovo 
4800 St | 459) 458 .+ 07 
4600 OH | 466| 4651+ O71 
4400 4 47°3) 472: + O71 
4200 47°6| 47°9|— 9°3 
4000 J 47°9| 486 \— 07 
3800 cy 48°5) 49°4/— o'9 
3600 a 49°0| sorji— 31 
3400 a 49°38) 50°8|— 10| 
3200 4, sro} 516 |— 0°6 
3000 8 §2°3) §52°3| oro 
2800 . 52°83] 5z°0|— o2 
2609 | ; 54°41 §3°7|+ 0°7 
2400 a 69 55°2! $4°4\+ 08 
2200 + | 3 | $63] S51 + : 
2.000 a ° 56°7| 55°38 4+ o'9 | 
1800 ~ | EB | 569] 56:5 |+ o4 
1600 =| & 37°31 $7°3| ool 
1400 & 58°0| 58°0 oo | 
1200 58°38) 58°38 ° o| | 
1000 59°5| 59°75) o° | 
Boo . eo"! ! 
fo1e] eo fom 
400 , 9] 
200 | | 62°4 
eo | | - | 63-2! | | 
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TaBLeE V. (continued.) 
ELEVENTH ASCENT. 


Temperature of the Air. 


Height, in feet, 

above the mean 

level of the sea. Between Ciiewead 

* |uisturb-' times. 


+4++++++ 


122900000 
wd ed in Fh Ww UMN 


++ 
(om ©] 
o~ We 


COWL ~3 COWDW UN CON O 
| 

> 0 e 
w 


ERELALSEHEL. 


A 
fi 
a 
C- a) 
8 
g 
fy 
a. 


‘ud . 8% yz 0} “wd fc yt MOI 


y a 59°83 |+ o2) oS 60°0) 61°38 |— 1°8 
4400 faa 53°7' as — 03: g = 61°5| 62°23 |— 06 
4200 rE 597, S9O|/+ 07] Co | Bg | 620) ba5\— os 
4000 61-0) Sgr i-- 19, & ag 63°0| 63°0/ o°o 
3800 §7°9| 393\— 4 “ | BS | 6h0] 63°5/+ ors 
3600 J 591] §9°6|— o5|) w | BF] 649) 640/+ oF 
_ 3400 o 98) Goo\— o2) B | * & | 65:2) 644/+ 08 
3200 a 60°3| 60°3 oo} gs S| 657! 64°8.+ org 
3000 : 60°7| 60°7 a0) Pk 65°93; 65°2'+ o78 
2800 ” 630} 61°o 0'0 - | fas 6570} 65°6 = 0°6 
2600 8 61°4| 614] ovo +, et 8 Be 66°0|— 1° 
2400 g 618) 618) ool _ faintly. 65" 66°5|— o8 
2200 sk 62°3| 62°3 oo] & The! bal loon then 
2000 a. 4 ag 62°99; ool! * | turned to ascend. 
1800 “ 63 63°38 0°O | 
1600 “ a 64°7| 64:7] oro | | 
1400 65°5| 65°5 oo 
1200 E 66°4| 6674 o°0 | 
3000 69°38! 677514 2°31 
800 69°0 | 68°3 |4- o°2 | 
600 70°4 70°4 O°0 | 
400 92°2' 72°2 o'0 || 
200 740' 74'0| or! | 
| ° oe | 75°9 | | 
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Tasie V. (continued.) 
Twrurrn Ascent (continued). 


From 5° 34™ p.m. to 6 13™ p.m. 


From 
7 59” 45° pas. 
to 8° 25™ 30° p.m. 
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Tasie V. (continued.) 
THIRTEENTH ASCENT. 


Temperature of the Air. 


ance. 
Out of o ° ° 
cloud. 53°5 53°7 ao O°2 
§4°0 54°0 o°O In open 
fn dense 5 4°0 5 4'4 —0%4 Z space. 
easy 547) S55°T| 94) CC 
55°6| -55°7| —orr ” 
561} 563) —o2|) “E | rh 
56°61 S70) —0'4)| op cloud. 
Inelou2,| 57°38) 57°6) +o"2)| B 
cloads | 58:2) 583) —o'r|} gs 
| 99°2| $970] Foz]! & 
Entered | 60°0] 59°5| +-0'5 
clouds. | 60:3} 601] -o'2|| 7 
60°5| 60°6| ~—o'r a 
60°3| 612} —o4|| F 
| 61-0| 61°6| —o6 || F 
iSn| 614) 62:1] —or7 
53°1 
Fog. | 53'0/ 53°5| —o's|| of | Wet- 
542) §3°7| +0°5|| § | ting 
550] 540] +o} wy fog. 
$42} 542) oo} ,, 
542 $4'4| —o'2])  & 

541 546) —o'S|) w | Back 
Cloud! s40} 549 09) % | ond. 
54°9| 55°4| —o5]] & 

§6°0} 56:0 oo}] 

Fog. | -§7°0| - §6°5| +o'5]] 3 
57°5| $7°r| +o B | Rain. 
58°0| . 58°0 oo}; TZ 
ne Les 5 
§7°2 §7°2 o’"o 
57"5 $7'5 o"0 a 
582 5o°2 o’o ° 
Rain.| 590] §9'0| ool &8 | Vey 
Vv 0}. §99| tor] ge | og 
dark. 61°0} 60°83] +02) BE 
61°5| 618) —0'3}| oF 
“yy mW PB | pein. 
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Taste VI.—Showing the Decrease of Temperature with every 


| 
March 31. ‘ake 18.|| June 26. July 11. 
= | | 
Thao State of the Sky. 

LL | NESE Pens ot | 
| Misty. | Clear. Cloudy. || Cloudy. Misty. 
wh atk SnD Ncal rn - 

" Ef Fi \ a) * be e &® & * ay 

Si agi elaydialgig)fialgialdts 

PPE TEPER DARL Ag 

u 5 | ral 
From | To sa |All 4/a | </|aA i r= < : 
{23 i | ) o—. 

feet. feet. e ° ° ° ° ° ° ° ° ° ° i] | 
4900 | 5000 || o-2 og || og] orf |] -- | 2. | or] 02 - re eae 
4800 | 4900 || 0°3 0°4 || O74] OF |] «+ | + | o'2] O'2 . a er ere 
4700 | 4800 o'2 0% || 0°4| 03 « | oe | or2] 03 ee was be 
4600 | 4700 || 02 04 jen 0°3 - | O3 | 03 : af Re OP 
4500 | 4600 || o'2 04 | 0°4| 0°3// -» | or | 03! 03 : ee sie 
4400 4500 0°3 O*4 0°4 o°3 ee 0°22 o°4 o°3 ee ee ° 
4300 4400 o°2 o"4 "4 0°43 | es 0°22 0°3 0°3 ee ee e 
4200 | 4300 || o-2 04 || 04] O'4¢ | «- | O'2| 0°4] 073 os °- 
4100 | 4200 || o'2 04 || 074] 0°4'] «+ | O2| 0°3] 0°3 ° es 


tg 
> 
re) 
© 
Le] 
wn 
re) 
°o 
@] 
ws 
ro] 
we 
° 
ww 
0 
> 
0] 
On 
°o 
> 


o. of column 1. 2. 3, 45 6 7% & 9% 1. Ih 121230 B 
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Increase of Height of 100 feet up to 5000 feet. 


July 21. | sean 


State of the Sky. 


| te © || Cloud ot Cl rae | lw mber paned Num Space 
| a to OnCy:| experi- ar’ | experi. | eet | of 
_ 3 a ments ments. | Mean experi- rongh ean | experi- rough 
i j § ments. ' decline | ments. decline 
| of 1°, | of 1°. 
° ° ° feet. ) feet. 
ve - .. ° 0°3 § o°2 2 0°3 15 334 | 0°3 5 334 
oe | eo | ee 0°3 5 o°2 2 03 15 334 || 03 5 334 
jee ]oe | es 0°3 5 o'2 2 0°3 14 324 || of 5 334 
, ee | ee | ee 03 5 o'2 2 03 14 334 | 073 5 334 
ere eee 03 5 02 2 0°3 15 334 |, 0°73 5 334 
[os | oe | os 03 6 o'2 2 03 15 334 | 03 5 334 
| oo | oe | 0°3 6 o'2 2 0°73 18 334 | 0°3 5 334 
oo [ we | oe 0°3 6 o'2 2 0°3 18 334! 03 5 334 
feel oo] ae 0°73 6 o'2 2 o3 | 38 334 || 03 7 334 
| oe | oo | oe 0°3 7 o'2 2 o'3 19 334 || 03 7 334 
oe foe | oe 03 I o°2 2 03 19 334 | 03 7 334 
| oe ee e ° 2) 3 7 oO? 2 o°3 19 334 03 7 334 
oe | oe ‘ 03 8 o°2 x 03 20 334 || 03 6 334 
efee | up 03 8° o'2 I 0°3 20 334 || 03 6 334 
re re 0°3 8 03 I 03 20 334 || 09 6 334 
efioe | oe 03 8 o'2 I 03 20 334 || 03 6 334 
oe re 0°3 8 o°2 | 0°3 20 334 || of 6 334 
co [oe | ow | 03 8 02 t 073 20 334 | 0% 6 334 
Ory) os; .. | oe 0°3 Ce) °°2 r || o3 22 334 || 0°73 6 334 
orl oa] .. 0°3 10 o'2 z o4 | 21 251 03 6 334 
O1joxs] .. |. 03 10 o'r I o4 | 22 251 03 6 334 
O2/ 072] .. | -- fl off | aE ov! I o4 | 23 251 | 0°3 6 334 
Or! on] .. |. 073 2 or! 1 04% | 23 251 | 03 6 334 
1 Or} og] .. |. 03 12 o'2 r || of | 23 251 | 03 6 334 
Orn} O72] «. | oe 0°3 13 o'2 5 | oq |} 24 251 0°3 6 334 
Ort org] .. | o- 03 13 0°3 z 04 | 24 253 0°3 6 334 
OF} Og] .. | ee 03 12 o°2 3 | 04% | 23 251 0°3 6 334 
Or} org] .. fo. 0°3 12 0°3 I 04 23 251 o°3 6 334 
Or] Og} 22 | o- fH Of 12 0°32 r 04 | 23 251 || 03 6 334 
Oal og] .. | os ff 03 12 0°3 1 o4 | 23 251 || 0°3 6 334 
O72 O74] oo | oe 03 12 °'2 I 0% 23 261 o°3 6 334 
03; O74 | .. | ee 03 12 03 I o4 | 24 251 | 0°3 6 334 
°3| 03! or| 0O'2]| 0°3 14 03 2 04 | 25 2st | 0°3 6 334 
O3/ O74] O12 | O'2]] Of 14 03 t 04 25 ast | 0°3 6 334 
2! 074! 0°73] O'2!] 03 16 o3 I 04 27 251 04 7 251 
103} 04) 074! O21! 03 16 0°73 I 04 | 27 251 | o% 7 asi 
9°3] 0-5 | og] O'2]} 03 | 16 0°3 3 O74 | 25 25m} 0% 5 251 
3] 06! 04! 0°3]/ 03 16 o"4 I O'4 25 251 | o'§ 5 201 
04] og] 074] 0°31] Of 26 0'4 2 oq | 25 251 | o's 5 201 
O$| 06] oS] 03], og | 16 ° I oq | 25 | 251 || o§5 | 5 201 
+» | 06} 04] 03} 0% 12 °’ I | oq |} 21 251 | o'f 5 201 
e+ | 06! 0°5} 0°3]} Of | 12 0°6 I 04 | I9 251 || 06 5 367 
s+ | 06] os] o72 | 0% 10 o7 1 o4 19 251 0°6 5 167 
+» | 06] o5| 03 Og 10 o°8 I 04 | 19 251 | 06 5 167 
cof oe | oe | Of2il Of 8 o'7 I | o's 17 208 || 06 5 167 
co fee | oe | OF3]] Of 8 o°8 ri o§ | 17 | aor} o6 | 167 
co} ee | oe | OD] OF 8 o'7 I o's 17 aor | 06 5 167 
so} oe | oe | OF] OF 8 08 I o's 17 20r || o'7 5 143 
eo [oe | oe | O91 OF 8 o'7 I ° 17 205 o'7 5 143 
te} ce | ee | O53] 06 8 og : | 06 | 27 167 ! o°8 5 325 


16 17. 18 19% 2 21. 22. 28. 4 2 2 27 


. 
= 
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The largest numbers are those at the bottom of the column, and the amallest 
at the top, or at the highest elevations. The numbers in column 20 show 
the mean with the cloudy skies, and those in 22 the results with clear or 
partially clear skies, but there was only one such instance in the year 1863. 

e numbers in column 24 show the general mean from all the experiments 
with cloudy skies, as based upon experiments varying in number from 14 
to 27; and in column 26 the space in feet for a decline of 1° is shown, being 
167 feet near the earth, increasing gradually to 334 feet at heights exceeding 
8000 feet. In column 29 the resuits for clear or partially clear skies are 
shown, being 125 feet for 1° near the earth, increasing gradually to 334 feet 
at 1700 feet, above which it is nearly constant up to 5000 feet. 

From these results we may conclude that in a cloudy state of the sky the 
decline of temperature is less in amount and more nearly uniform up to the 
clouds, than in a clear sky, and that the greatest change in both states of the 
sky is near the earth. ) 


§ 6. Variation o¥ THE HyGROMETRIC CONDITION OF THE AIR WITH Etevariox. 

All the adopted readings of the temperature of the dew-point in Section 4 
were laid down on diagrams, and their points joined. As it was evident then 
to the eye that the changes did not follow a regular decrease in the tempe- 
rature of the air, the numbers at every 1000 feet were read from the diagram, 
and in this way the next Tables were formed. 


Tasiz VII.—Showing the Variation of the Hygrometric condition of the Air. 
at every 1000 feet of Height. 


Ninta AScEnrt. 


Humidity of the Air. 


Height, in feet, 
level of the cea, |B 
evel of the sea. | Between 

times. 


at 
tances.|the dew- 
. | stances point. Vapour: | “dity, | 


ee yee Ee iT 

3000 . : 
22000 Bs ip 
21000 E SOG RK 
20000 ‘gpl Sql 
19000 ar af 
17000 in. 
16000 "oIo | 19 


Clear blue sky. 


From 4° 10™ p.m. to 5° 27™ p.m. 
an 
wa 
a 
Fa 
ww 
w 
card of 49 03 ‘ard éz _§ mor 
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March 31.—At the earth’s surface the dew-point was 38°; it decreased to 
284° at 2000 feet, and continued almost at this value to 3500 feet; at 
4000 feet it fell suddenly to 22°, and again suddenly at 5000 feet; after 
this it declined much more rapidly than the temperature of the air; and the 
air at 10,000 feet high became very dry, and exceedingly so at heights ex- 
ceeding 15,000 feet. 

On descending, the temperature of the dew-point was very much below that 
of the air to the height of 6000 feet, and afterwards it approached that of the 
air rather quickly. 

In ascending, the air was moist while passing through mist between 1000 
and 3000 feet high, and the degree of humidity varied from 54 to 62; an- 
other moist stratum was situated between 4000 and 5000 feet; above this the 
amount of water diminished very quickly, the degree of humidity at 12,000 
feet being 7 only, and at points higher than this it was much less. On de- 
ascending, the declining curve was interrupted at 4500 feet, at 3000 feet, and 
at 1500 feet by narrow bands of different degrces of humidity. 


Tasre VII. (continued.) 
TENTH ASCENT. 


Humidity of the Air. 


7 ‘ 

17000 = 
16000 = |—16°0] ‘o2z0 | 23 
15000 | F S jmi2o| "02g | 22 
14000 ce 2 |— 770} ‘031 28 
13000 a 2 | 20) "040 | 33 
12009 | 2 | = 2°09] "048 | 37 
11000 4, 60} "057 | 32 
10900 8 10°5| ‘069 | 38 
gooo | : 5 17°0| °094 | 52 
8000 | E tu | 250! 135] 73 
joo bons =-5 | g2°0/ 181 | 87 
boca +t | oF 33°8| “194 | 76 
5000 a | 34°0| "196 | 67 
4000 " 35°0| "204 | 61 

jooco 5 4oo| °247 , 6 

2000 es 5 a 45°5| °30 68 
1000 SS 490] 348 | 69 
420 —e go°a| *364 | 68 


| 


April 18.—The temperature of the dew-point was 50° on the ground, the 
air was misty; at 1000 feet high, and again at 2200 feet, moist strata of 
air were passed, the difference between the temperatures of the air and dew- 
point becoming less in both cases; these two temperatures then separated till 
the height of 4000 feet was reached, when the air again became more moist, 
and at 7000 feet high the temperature of the air was only 2° above that of the 
dew-point; at this time the mist almost amounted to a fog. The degree of 
humidity was 87; on passing above this, the temperature of the dew-point 
rapidly and almost evenly declined, and at heights exceeding 17,000 feet the 
air became very dry. 
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Taste VII. (continued.)—E.Leventa Ascent. 


Humidity of the Air. | 
Ascending. | Descending. 
Height, in feet, | 
a mean Tempe- | Degree ; Temp, | -. | Degree 
eto wen tua | Circus ree a yy. || maar CEU IMATE free fo 
point. point. dity. | 
June 26. Clouds 0 o | in. | 
23000 "fant! — 20 9°5 
bluesky 
22000 2°0 
21000 In fog: | __ 18-5 — 45] °036| 26 
2.0000 —15°5 SO} °0S4; 38 | 
In fog; 
19000 above, | 7727'S 3°70} “oso; 32 | 
8 --g_: 
Cia 
18000 . ett g°0 cy go} ‘050| 32 
B esses 5 
17000 fn sold Aiy| 18° id to's| ‘o69| 46 
Pd 
s6o00 | “|B E205 s 15°5| “088! 4g 
15000 SZ | fog. | 24'S 5 14°5! "084! 45 
34000 g “—! 340 $ 2270 06 °"118| 63 
13000 a, | Infos.) 30°5 . 2g°0| °129] 69 
An cen 238'0 2 23°0 23) 6 
. . 1 
12000 a. faintly e 3 3; %5 
11000 B linfog;| 22°° 3 20'0} *108| 58 
10000 = thin rei 16°0 5 ¥2°0| °074] 59 | 
gooo ~ | Tro 1570| "o86| 44 , 
8000 10°5 S| 15°5| "o88) 4g | 
7000 15"0 “a 18°5 | *300] 43 
6000 24°5 eB 22°5| ‘r20| 54 | 
5000 34°0 Bs | 260] crgr! 53 
4000 410 SE | 34°0| 196) 68 | 
3000 45°0 & 8 39°5 “242 72 | 
2000 430 @ 43°5 283 ee l 
1000 Very "0 er | 480) °335 
300 dark, | so'o 5 aes aes 3 | 
. 66 


June 26.—The temperature of the dew-point was 50°, and on leaving the 
earth it declined less rapidly than the temperature, so that the humidity in- 
creased; after passing above 4000 feet the dew-point declined rather quickly 
to 6000 feet, where its rapid decline was checked, but continued to decline to 
8000 feet; it was here as low as 102°; it was 11° at 9000 feet, and then in- 
creased, momentarily approaching that of the air; and at 12,700 feet, having 
passed through rain at 10,000 feet, these two temperatures were alike, and 
the air wus saturated with moisture, and continued thus to 14,200 feet high; 
it then separated, and whilst passing through a dry fog at 15,000 feet, whilst 
the air was increasing in temperature, the dew-point decreased; on passing 
out of cloud at 18,000 feet the air became dry, and from 20,000 feet to 23,000 
feet the dew-point was from 30° to 40° below that of air; at this time rain- 
clouds were at the same height, and at 23,000 feet the air again was so moist, 
that the difference between these two temperaturcs was 6° only. The degree 
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of humidity varied very much, from 100 at 13,000 and 14,000 feet to 19 at 
20,000 feet and to 40 at 23,000 feet. 

On descending, the temperature of the dew-point separated from that of the 
air, and was 30° less at 21,000 feet ; on passing then into fog, the moisture 
increased so rapidly that at 19,800 feet there was only 6° difference betwceu 
these temperatures ; it again separated, and again approached whilst passing 
through rain and snow; on passing below the snow at 10,000 feet, the air at 
first became drier, but afterwards the increase of the temperature of the dew- 
point was more rapid than that of the air, and the air became more humid. 
Both the temperature of the air and the distribution of the water in this 
ascent were very remarkable. 


Tass VII. (continued.)—Tweirrn Ascent. 


Humidity of the Air. 


Descending. 


above the mean 


July 1: Sy | io | in. | 
4 Sas! 50°3| °365| 75 | 
4400 332 49°8| °358) 72 | 
4200 BBE! 480) °335) 65 | 
4000 <* 47°3| °333) 62 | 
44°6| °295| 62 
: g 43°3| ‘280| 56 
a. 43°5! °283) 65 | 
a 43°5| °283| 54 | 

4, 43°4| °281) 53 

o 43°2; ‘279| §2 

- 43°5| °283] 5 

| 43°2; °279] 55 

a | # 43°0| °277| 49 

ee 4 43°0| ‘277| 48 turned |to ascejnd. 

> a "O| “3II| §2 

+ a 50°0| °361]| 60 

E sora, *364) 59 


July 11.—The balloon first rose to 4600 feet, the degree of humidity 
increasing with elevation; it then descended to 2600 feet, and the tempe- 
rature of the dew-point was nearly constant. The balloon then turned to 
ascend, and reached a height of 6600 feet; the humidity increased as before 
to 5400 feet, and then became somewhat less humid; on descending, the air 
at first increased in humidity, and then decreased, being driest at the lowest 
part of the descent, viz. 1000 feet. The balloon then turned to ascend for a 
third time and reached 2600 feet, with a somewhat drier atmosphere than had 
been met with at this elevation on this day; at this time the track of the balloon 
was near the sea ; on descending to 800 feet the air was more humid ; and this 
was found to be the case by ascending for the fourth time to 1600 feet, and 
again confirmed on finally descending to the height of 800 feet, when the 
instruments were packed up, 


494, ae REPORT—1868. 


Tasrs VII. (continued.) 
Tweirrn Ascent (continued). 
Humidity of the Air. I 


Height, in feet, 
abo 


sd 
an 
8 
From 5* 34” p.m. to 6" 23™ p.m. 


5™ 30° p.m. 
37™ 30° p.m. 


: 
From 7 2 
to 7% 
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Taste VIL. (continued.) 
THIRTEENTH ASCENT. 


Humidity of the Air. 


, bay 9! 
q §4°0| °418| 3100 g 98 
a. 54°7 "428 | 100 o 96 
s 55°6) °443] 100 ed 95 
bt 55°4| °439| 97 B 3 
8 54°6| “427| 93 ||. 3 9 
g $5°2| °436] 91 B 93 
di 562) 453) 93 || § 96 
fe 57°0| 465) 93 || 97 
» 5770) 465) go ve 
+ . 574| °472) 9% r 
=| 8:0] -482| gt | og 
& 59°0| ‘soo! 94 | B 
602 | ° | 
. 85 
53°°| 403] 93 9 
d #8 53°0| "403| 96 F 9 
i, Sa 53°6| ‘412| 100 || §B 97 
ad 53°9) ‘416 99 || am 95 
~ §4°0| °418] 100 || we» gi 
4,% $4°9| ‘431] 100 || YY 94 
4, 560! "449| 100 | BG 93 
3 57°0| °465) 100 | BLS 96 
* 57°5| "473] 100 || 98 
§8'0| 482] 100 . 99 
ves 100 
100 
5770} “4651 99 |e 100 
§7°5| °473| 100 [uy 100 
58'2| -485) 100 || Bp 7 100 
59°70} “§00) 100 | 4% 100 
600] “518] 100 50 100 
6ro| ° 100 15 8 
; Ss 


July 21.—Rain was falling heavily on leaving the earth; the degree of 
humidity at first decreased, and then increased and decreased again, till on 
passing into dense fog at 2200 feet the air was saturated. On descending 
to 1400 feet the air was nearly saturated; on rising a second time the air 
was again satarated, and was nearly so up to 3200 feet; on the second de- 
scent the humidity varied from 91 to 100, and afterwards the air was quite 
saturated from 1800 feet to the earth. Rain had been falling heavily all the 
time the balloon was in the air. 
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The numbers in this Table show, as in the previous experiments, that the 
moisture in the air at the same elevation is very different at different times; 
the numbers in the last column of the Table show the average results in the 
two states of clear and cloudy skies, with the number of experiments upon 
which each result is based. By combining those with cloudy sky with those 
previously obtained, according to the number of observations upon which 
each result was based, the following results were obtained. 


With an overcast sky, the degree of 


humidity on the earth was ........ 

At 1000 feet ..... Vcc cece ee eeee 73 ~«,, 28 
2000 4g cece cece cece teen n ees 73 =, «23 
BO0D 4p cece cece ee ee eee e eee 76, «24 
4000 4, cece reece cee ercece 73 =, «17 
B00 4, . cece eee eee ee eee 75 4, 10 
GOOD 4, ccc cece eee ee eee wW. , 8 
O00 68 , 6 
0) OO 54 ,, 6 
9000 4, wc cece eee c eee e wees 46 , 6 

10,000 4, ..cc eee cw cece eee ees 51 , 4 
11,000 4, .. cc cece eee rene eee 53, 4 
12,000 4, cc cc ccc eee ee ceenaes 55 , 4 
13,000 4, wc cece cece eee eeees 53, 4 
14,000 4, .cccccccceceeeseeecs 48 , 4 
15,000 4, oo cc cece cece cenaeeee 62 , 2 
16,000 ,, ccc cece race cnccene . 68 , 2 
17,000 99 Fe enesrerenseeuneesera 47 9 2 
18,000 4, cc cree cevcnvecee .. 33 , 2 
19,000 ,, . ccc cece cece ee eeeees 24 , 2 
20,000, .. cece wees cere en ceae 29 , 2 
21,000 4, .e cece cen cee ec eneeee 22 , 2 
22,000 4, cecccccccccevecscees 34, 1 
23,000 4, cc ccrecc ce cenceseecs 40 , 1 


} 74 from 12 experiments. 


33 


The law of moisture here indicated is an almost uniform state of humidity to 
the height of 5000 or 6000 feet, that is, to the usual height of the cloud plane ; 
then a sudden decrease and continued decrease to 14,000 feet. At eleva- 
tions exceeding 14,000 feet with cloudy skies the number of experiments are 
too few to speak with confidence of the results ; the humidity, however, seems 
generally to decrease ; the high numbers at 15,000 and 16,000 feet are pro- 
bebly accidental, 


1863. 


2K 
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By treating the results with a clear or a nearly clear sky in the same way, 
the following results were obtained. 


With a clear sky, the degree of humidity was 


On the ground ............ 63 from 4 experiments. 
At 1000 feet .............. 67 , 8 » 
2000 4, .. cece ee eeeeee 70 , 6 - 
0 72 , 8 ” 
4000 4, cece cece eee 70 , 9 ” 
7 0) Ue 63 ,, 8 » 
BOOO 4, sic eee er eeeees 59 , 8 » 
7000 ,, wc. eee e eee ee ee 56 , 9 99 
8000 4, wc cece eee eeeee 51 , 9 9 
3) 45 , 7 ” 
10,000 ,, .......eeveeee 42 , 8. ” 
11,000 ,, ..... cee ee eeee 41 , 8 - 
12,000 ,, 22... eee ceeeee 35 ,, 6 ” 
13,000 ,,  ...ccceeceeeee 40 , §& 9 
14,000 |, cccccecececaes 36 ,, 5 > 
15,000 ,, wo... ee eee eee 44 , 5 - 
16,000 |, ..-cseceeaeees 40 , 5 . 
17,000 ,, wo... cee eee eeee 39 , 4 . 45, 
18,000 ,, ......ceeeeeee 21 , 2 » 
19,000 4, ....c eee enone 36 4. 2. 55 
20,000 4. we. c cece eeeees 33 ,,. 1 ” 
21,000 ,, 2... cece ewes 32 , 1 ” 
22,000 ,, ...sececueeees 21 , #1 ” 
23,000 4, ......ceeeeees 16, 1 9» 


The law of moisture here shown is a steady increase of humidity from 
the ground to the height of 3000 or 4000 feet, then a decrease by 5000 feet 
to the same as on the ground, declining afterwards, but not regularly, to the 
height of 23,000 feet ; above this point the air is very dry, but, eo far as I have 
geen, never quite free from water. _ . 

By comparing the results with a cloudy sky with those from a clear &y, 
the degree of humidity on the ground with the latter is less by 11 than 7™ 
the former, but approximate very closely together at the height of 8000 feet; 
the air continues humid with the cloudy sky to 5000 or 6000 feet, bat been 
less humid with a clear sky at 4000 feet, and declines, but leas rapidly than ¥! 
cloudy sky, till at 7000 feet they are again near together, and continue 00 !0 
9000 feet ; the humidity then increases with the cloudy sky to the height 
15,000 feet, where the air is as humid as at the height of 7000 feet; 
with the clear sky the humidity decreases to the height of 13,000 feet, but 
increases to 15,000 feet, where the air is as humid as it was at 10, 

It is remarkable that this humid state is in both states of the'sky at the rari 
elevation; at elevations greater than this, the humidity decreases in bo 
states of the sky, but more rapidly at first with the cloudy than with the cles! 
state, till at heights exceeding 20,000 feet there is but little difference » 
the results from the two states. 
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§ 7. Comparison oF THE TEMPRRATURE OF THE DEW-POINT, 48 DETERMINED BY 
DIFFERENT INSTRUMENTS. 


TaBLe [X.—Showing the Temperature of the Dew-point, as determined at 


about the same height by different instruments and methods, and compa- 
rison of the results together. 


Under 1000 feet. 


§ Shh gow eB 


Ww OhPeh ude 


July 31 


7 1§ ° 2 |= O'S 
. . |= 03 
7 19 . - |— o7 
. . o"o | 
. . + 0'9 
> a e 4 °§ oe oo - Qs 
7 2 46°6 e 43'0 e e _ 14 
92 444 . 4570 ° « j— 06 
7 30 4s‘I , 44°5| + - |+ 06 
7 32 45°5| - 45°0 . - [+ 05 
7 33. 43°O| ve 42°5| ++ oo [+ O'5 
7 46. 45°38... 47°0 . - |[— 312 
7 47. 479 +e 47°5 . - [= O'§ 
7 49. 494 +s 43'0/ . > [+ 14 
7 §0. 49'2 ° 48°5 ° - |+ 07 
7 $2 49°0 e 49°0 oe) * 
7 §5. 50°o . 50°0 . ° . 
75 SOF see 50° ° - I+ of 
7 57 49°9 e 5c ee — 0°9 
8 4 §O°O we §3°5| oe oe [— 2° 
ar § 15¢ 57S we 58-0; «e oe | O'5 
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Tasre IX. (continued.) 


Between 2000 and 3000 feet. 
| Temperatares of the 
Dew- i t tem eo dew- ‘ deter- 
poin peratures point ra 
Calculated Obecrved Dry and Wet (free) 
Height from by above that by 
t t ° | . t { . 
B. | ea) et ah | 29) 22 | 
i =] \ e , ~ 
gs | 32 dE | 2a agi 3 
{ 
eo) rfl ge | BE) Fe ge) gE 
feet. ° ° ° ° ° ° 
2651 45°7 ° 47°° ee 1°3 
24.70 50°3| - sos]. . os 
2469 49°9 §O°S | oe ° 0°6 
2424 47°9 ee §2°0 ee ee 471 
2479 47°O| se 5O°5| es ee 3S 
2488 48°3 . 50°9 ° 2°6 


2817 §0°4 | oe 50°0| oe oe o'4 
2820 §0°9| oe goo | on ee a9 
2820 gr6! oe SO°S| oe . 


P++l bb itttet libre) 


279° §4°2 ee 54 5 ee oe o°3 
2610 SSO] ee §5°O| oe ee oo 
2850 54:2] ce S4°O | oe eo If of 
2 §3°2 § se §3°O| ; es ee + o'r 
2 go §o°7 ee §2°0 oe oe -_ 1°3 
2870 §2°2| oe §2°0| oe 2. {+ o2 


ey 
& 


w 
ba] 


MNT AAA AMM un 


w 


me 
a > 


mam & 


OS o + 


Be rggre ~ 


393° 45°83 oe 46°0 oe 
3860 47°9 ee 49°0 ec | 
eees 47°9 oe §o°2 eo ! 
3524 go°4 es go°o oo 
ecoe go°4 ee §1°5 ee 
3046 49°O| os gO} oe 


3529- 49°83 | os 5O°O | oe ee o'2 
eace §0°2 oe §Q°° ee ee a2 
3250 §0°3 | oe §Q°O| oe . 


| 
3250 | 498) .. §I'O] oe | 
| 


oie oe ote oD 
) 


3720 Pt er §0°3 | oe ee 

3855 | 45°S| -« | 464] -- ee "9 
3277 42°9 ‘ 46°0| oe ee 3°3 
3068 42° e 45°5 ee ee 3°0 
3298 gr oe §1°5| oe | oo o°3 
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b= 4B 


we 
hw NO A 


———o_ 


ON FIVE BALLOON ASCENTS IN 1863. 


Tasre IX. (continued.) 
Between 4000 and 5000 feet. 


Temperatures of the 
dew-point as deter- 
mined by 


Dry and Wet (free) 
above that by 


501 


March 31 6 114; 5902 O70: ee O°O| os ee ie) 

July 11 6 13 {| 5105 49° ve go°o} oe oe [= O'5 
614 | 5272 47 oe ago, ee fi oe |= ra 
6 I §327 48°6 ee 49°°0 ee | ee — o"4 
61 5382 52] oe 49°5| «+ |, of |- U7 
618 | 5684 47°2! os 480; .. |} of |= o8 
620] 5772 46°6| .. 47U! cet} oe fe O5 
621] 5828 464] «- ayo! .. | «2 |— 06 
622] 5884 45°5| 46°5| 2. |! «2 J— 3'O 
6 58 | 5975 4r'6| oe 4ro| .. |i «se {+ 06 
659} 5523 42'O| a 4US| ce fie + o's 
7 4) 5150 444 o- 48°0 | ee Poe 

Between 6000 and 7000 feet. 

July 312: 624] 6451 40°9| «- 42°5| oe | oe [= 3°6 
6 27 6623 38°6 ee 42°90 ee 1 ee — 34 
6 32 | 6386 412] oe AI’S| oe oo [= 03 
6 34 | 6186 4I°0| .. 41'S |" os ee [= O'S, 
6 35 [ 6a10 41'o| .- 40° oe es I O2 
647 | 6031 43°4| es 42°O| oo. oe | 1% 
6 47% eece 42°§ oe 418 ee oe + o'7 
648 | 6309 AZO| oo 415] os oe [+ 1°5 
6 50 | 6420 42°4| oe 4IS] oe | oe IF o 
6 52 | 6453 39°6| os go'4| oe || oe [=o 
6 53 | 6475 | g0°7| os | goro] o- | oo | 07 
6 543) 6530 4r'7 40°S| ce ae [> 12 
6 55 | 6588 47! oe 40'S; os |] ce | 3°2 
6 554; 6588 407) «. 41°S| oe es [+ 02 
6 56 | 6530 40°S§| oe 40°O| oe oe | O'5 
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Tas.e [X. (continued.) 
Between 7000 and 8000 feet. 


d h m| feet. 
March 31 4 2749). 7035 ~ 
6 81 7907.. 


Between 8000 and 9000 feet. 


| June 26 ras] sees, a | 


Between 10,000 and 11,000 feet. 


| March 31 4 35 | 10047 jo 369] | | | | | | 


Between 14,000 and 15,000 feet. 


|: [Fs 


March 31 5§ 56 
June 26 1 33 


— 4°6 
22°! 


—10°O 
20°O 


14325 
14530 


++ 


Between 15,000 and 16,000 fee 


March 31 . 5 52 


June 26 1 26 


—28°1 
¥5°2 


15630 
1§935 


‘Between 18,000 and 19,000 feet. ” 


| June 26 1 35% 18053 33) .. 1 go | 

| X 364) 18555 — 5°o ee oe — 9°2 + 4°32 
137 | «soe |—rger — 50 » [— gt! 

r 38 | ° 


wae | 17"4 2 [— 48i— 43 
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Tasxe IX. (continued.) 
Between 19,000 and 20,000 feet. 


Between 22,000 and 23,000 feet. 


Maroh 31 5 27 | 22884 [3s | | 
June 26 1 55 | 22965 ws 10°7 + 2°5 
Between 23,000 and 24,000 feet. 
eos 2°5| oe os [# 3°0 — 05 
23143 | «+ [+ r8i+ 15] -- 
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TasLe X. 
| Excess of Temperature of th . 
| point as found by ¢ Dew 
| Dry and Wet Thermometers (free) 
| above that found by 
! Heights between ; 
(| 3 3 
. | ‘| % % 
g 6 6 
A r 4 yA 
feet. feet. ° 
o to 1000 | —1'4 6 4 
1000 64, 2000! ~o'2 2 1 
2000 4, 3000 | —o's 23 
3000 » 4000 | —I'! 15 
4000 » §000| —o'1 8 
go000 5, 6000 | —ors 12 
6000 ,, 7000 | +o: 15 
7000 ~,, 8000 | +1°8 I 
8000 , 9g00o 
gooo ,, 10000 
10000 _,, 11000 
11000 ,, 12000 
12000 ,, 13000 
13000 ,, 14000 
14000 ,, 1§000 | ~+-2°8 2. 
1g000 ,, 16000 | —2'0 Z 
16000 ,, 17000} ~3°6 I 3 
17000 = ,, 18000 
18000 ,, 19000 | 
Ig000 ,, 20000, —2°2 1 4 
20000 ,, 21000 cece r 
21000 ,, 22000 eas I 
i 


In all the expcriments there seems to be no certain difference in the tem- 
perature of the dew-point as determined by Daniell’s and Regnault’s hygro- 
meters, and no certain difference in the results as found by the dry- and wet- 
bulb free and those by the dry- and wet-bulb aspirated. The most important 
comparison therefore now to be made is the comparison of results by dry- 
and wet-bulb thermometers and with one or the other of the hygrometers. 

The following are the results as found from all the simultaneous determi- 
nations of the temperature of the dew-point by Daniell’s hygrometer and the 
dry- and wet-bulb thermometers (free). 

The temperature of the dew-point by the dry- and wet-bulb (free) up 

to 1000 feet was the same as by Daniell’s hygrometer, from 14 expts. 


From1000 to 2000 feet was 0-1 lower than by ” from 29 _—,, 
2000 to 3000 feet was 0-1 lower than by 9 from 44 ,, 
3000 to 4000 feet was 0-1 higher than by 3 from 50 __—,, 
4000 to 5000 fect was 0:4 lower than by » from 30 __,, 
5000 to 6000 feet was 0:9 lower than by - from 28 =, 
6000 to 7000 feet was 0-3 lower than by ” from 26_,, 
7000 to 8000 feet was 3°5 higher than by - from 2 ,, 


8000 to 9000 feet there have been no determinations, 
9000 to 10,000 feet was 0-8 lower than by » from 1 expt. 
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At heights excceding 10,000 feet there have not becn sufficient determina- 
tions to deduce any satisfactory results, but up to 7000 feet there have been 
sufficient to speak confidently, and the result is that the dew-point, as found 
by the dry- and wet-bulb thermometers, is worthy of every confidence ; for the 
differences, as shown above, are quite within the error of observation. 


Hercuts anp APPEARANCES OF THE CLoUDS, AND APPEARANCES OF THE SKY, — 
March 31. 


There were detached cumuli before starting; blue sky. 

At 4° 21™ 30° p.m., at 3698 feet. Very misty; a few beautiful cumuli. 

At 4" 27™ p.m., at 6251 feet. Earth appears dotted with cumuli clouds ; 
blue lines of light crossing each other at right angles. 

At 4" 52™ p.m., at 17,400 feet. Herizon not visible; a mass of clouds to 
the N.W. so distinct that its boundary-line can be traced. 


April 18. 


At 1° 19" p.m., at 2575 feet. Misty. 

At 1" 21™ 10° p.m., at 4592 feet. Cumuli on the same level as the bal- 
loon; misty. 

At 1" 25™ 30° p.m., at 7180 feet. Thick mist; almost a fog. 

At 1" 30™ p.m., at 11,055 fect. Above the clouds; sea of clouds below. 


June 26, 


From 1" 17™ 45* p.m., at 11,204 feet, to 1" 25" p.m., at 15,598 feet. In fog. 

At 1* 32™ 30° p.m., at 17,144 feet. Clouds above us. 

At 1° 34™ p.m., at 17,479 feet. In cloud. 

At 1" 36" p.m., at 18,291 feet. In a wetting fog. 

At 1" 37™ p.m., at 18,560 feet. Cold dry thin fog. 

At 1" 39™ p.m., at 19,018 feet. Just above cloud ; cirri far above, clouds 
all round on the same level as the balloon. 

At 1" 41™ 45° p.m., at 19,909 feet. Evidently three layers of clouds. 

At 1" 43™ p.m., at 20,648 feet. Rain-cloud on our right; two nimbus 
clouds near us and on our level. 

From 1* 43" 30° p.m., at 20,648 feet, to 1" 46™, at 21,266 feet. In fog. 

At 1* 50™ p.m., at 22,053 feet. We looked round at the faint blue sky 
covered with cirri, and estimated its height to be many miles ; the atmosphere 
thick and misty. 

At 1" 54™ p.m., at 22,664 feet. Cirri clouds above ; sky faint blue. 

At 1" 54™ 40° p.m., at 23,143 feet. Above the clouds, but not free from 
mist; the clouds present no fine views, few peaks, and all is confused and dirty- 
looking. The blue sky is of the same paleness as seen from the earth. 

At 1* 5™ p.m., at 22,168 feet. The sky is faint blue, and the clouds are 
all below. 

At 2" 2™ p.m., at 20,167 feet. The sun secn faintly. 

At 2° 2™ 45° p.m., at 20,167 feet. In fog. 

From 2" 4™ 30° p.m., at 19,367 feet, to 2" 5™, at 19,901 feet. In fog. 

At 2* 6™ p.m., at 19,963 feet. Faint gleams of light. 

At 2" 6™ 20° p.m., at 20,025 feet. Fog above and below, none near us; 
faint gleam of light. 

At 2° 7™ 30* p.m., at 20,025 feet. Drops of water falling from the bal- 
loon on my note-book. 


506 REPORT—1868. 


From 2° 8™ 30* p.m., at 19,089 feet, to 2" 14™, at 14,892 feet. Im fog; 
at the latter time it was becoming thin, but nothing could be seen. 

At 2° 14™ 30° p.m., at 14,501 feet. Thin rain was pattering on the bal- 
loon, and moving against us. . 

At 2° 14™ 45° p.m., at 14,197 feet. Snow-storm met with. 

At 2" 15™ p.m., at 13,380 feet. Snow falling; there were spicule and 
cross spicule ; many snow crystals, small but distinct, all icy particles ; dark 
everywhere. | 

At 2" 15" 30° p.m., at 12,433 feet. Dense snow all around, no flakes ; 
all icy particles and crystals; the appearance was beautiful. 

. At 2" 15™ 45° p.m., at 11,923 feet. When sand was thrown out the snow 
appeared to go up. 

At 2" 16™ p.m., at 11,412 feet. Sand presents a golden appearance when 

‘mixing with the snow. 

At 2" 17™ p.m., at 10,508 feet. No snow. 

At 2" 18™ p.m., at 10,011 feet. Lower atmosphere very murky indeed. - 

At 2° 19™ p.m., at 10,011 feet. The lower atmosphere presents a brown- 
ish, yellowish tinge, remarkably dull. 

At 2° 20™ 30° p.m., at 8107 feet. Lower atmosphere is very remarkable. 
Mr. Coxwell has never seen it so when far from a town. 


July 11. | 
From 5" 14” p.m., at 3860 feet, to 6" 29" 30° p.m., at 3642 feet. The 
atmosphere was thick and misty. 
At 5° 52™ 30° p.m., at 2762 feet. Misty. 
_ From 6 5" p.m., at 3529 feet, to 6* 14™ p.m., at 5271 feet. Misty. 
At 6" 22™ p.m., at.5884 feet. Cirrus and cirrostratus clouds far above. 
At 65,31™ p.m., at 6328 feet. Very thick. 
At 6" 55™ 30° p.m., at 6588 feet. Misty. 


July 21. 


The sky was overcast before starting. 

At 4" 52™ 30° p.m., at 859 feet. Clouds were entered. 

At 4° 54™ p.m., at 1681 feet. Clouds very light. 

At 4° 55™ 30° p.m., at 2351 feet. In dry cloud. 

At 45 55" 40° p.m., at 2470 feet. In white cloud. 

At 4" 58™ 30° p.m.,“at 2589 feet. In dense fog. 

At 5" 2™ 16° p.m., at 2875 feet. The clouds above are darker than those 
below; the white edges of the lower clouds are visible. 

At 5° 7™ p.m., at 2642 feet. Lower clouds are moving in a north-easterly 
direction, with greater speed than the balloon. 

At 5" 8" 15° p.m., at 2290 feet. In cloud. ; 

At 5° 9" p.m., at 2020 feet. Detached clouds below are moving in 40 
opposite direction to that in which we were formerly moving. 

At 5° 10™ p.m., at 1727 feet. Scud below moving very fast. 

At 5° 16™ p.m., at 1890 feet. In cloud. 

At 5° 19" 30° p.m., at 3220 feet. There are clouds on the same level #5 
the balloon ; some clouds below are darker than those above. 

At 5" 20 30* p.m., at 3298 feet. Large masses of cumulus clouds below. 

At 5° 21™ 30° p.m., at 3218 feet. In fog. 

At 5° 23™ p.m., at 2924 feet. In wetting fog. 

- At 5" 24™p.m., at 2386 feet. Scud and clouds of a blackish colour below. 
At 5° 26" 30° p.m., at 1793 feet. In black cloud. 
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At 5 28" p.m., at 1044 feet. In clouds. 

At 5° 29" 30° p.m., at 948 feet. Still in cloud. 

At 5 33" p.m., at 1179 feet. Scud far below. 

At 5° 33™ 30° p.m., at 1507 feet. Clouds above are darker than those 


below. 
At 5* 37™ p.m., at 1330 feet. In cloud, very dark. 


DIREcTION OF THE WIND. 
‘March 31. 


At 4° 58™ p.m., at 18,302 feet. Moving 8.W. 

At 4" 58™ 30° p.m., at 17,097 feet. Changed our course, moving N.E. 

At 5" 2™ p.m., at 17,636 feet. In a S.W. current, moving N.E. 

At 5* 12” p.m., at 20,865 feet. In a nearly westerly current. 

At 5° 42™ 30° p.m., at 15,714 feet. In a westerly current. 

At 6" 15" p.m., at 4441 feet. Fell in with a S.E. current; are over 
Iford. 

At 6" 16™ p.m., at 5168 feet. Changed our course, moving back again. 


April 18. 


Before starting the wind was N.E. 
At 1° 30™ p.m., at 11,055 feet. The wind changed to N. 


June 26. 


Before starting the wind was blowing W.S.W. strongly. 
At 1° 32” p.m., at 17,144 feet. Apparently calm. 


July 11. 


Before starting the wind was E. 

At 4° 59™ 30° p.m., at 2633 feet: Balloon entered a N. current. 

At 7 14" p.m., at 1876 feet. Balloon entered an E. current. 

At 7° 47" p.m., at 1483 feet. Balloon again entered an E. current. 
At 7 56" 45° p.m., at 1020 feet. Balloon entered a S.E. current. 

At 7 57™ p.m., at 1000 feet. Balloon changed its course, moving W. 


July 21. 


Before starting the wind was §. by E. 
At 5* 7™ p.m., at 2642 feet. Balloon entered a8.W. current, moving N.E. 
At 5" 9" 30° p.m., at 1840 feet. Balloon turned to move back again. 


VELOCITY OF THE WIND BY THE BALLOON, AND BY Rosinson’s ANEMOMETER 
AT THE Roya OnsEervaTory, GREENWICH. 


On March 3] the balloon left the Crystal Palace, Sydenham, at 4° 16™ p.m., 
and fell at Barking, in Essex, a point 15 miles from the place of ascent, at 
6* 30™ p.m. Neglecting all motion of the balloon, excepting the distance 
between the places of ascent and descent, its hourly velocity was 7 miles ; 
the horizontal movement of the air at Greenwich, as shown by Robinson’s 
anemometer, was 5 miles per hour. 

On April 18 the balloon left the Crystal Palace at 1" 16" p.m., and de- 
scended at Newhaven at 2* 46". The distance is about 45 miles in 1} hour, 
or at the rate of 30 miles per hour. Robinson’s anemometer had registered 
less than 2 miles per hour. 
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On June 26 the balloon left Wolverton at 1" 2™ p.m., and fell at Littleport 
at 2" 28" p.m. The distance between these two places is 60 miles; the 
hourly velocity was therefore 42 miles per hour. The anemometer at Green- 
wich registered 10 miles per hour. 

On July 11 the balloon left the Crystal Palace at 4" 53™ p.m., and fell at 
Goodwood at 8" 50™ p.m., having travelled 70 miles, or at the rate of 18 miles 
per hour. The anemometer at Greenwich registered less than 2 miles per hour. 

On July 21 the balloon left the Crystal Palace at 4° 52™ p.m., and fell 
near Waltham Abbey, having travelled about 25 miles in 53 minutes, or at 
the rate of 29 miles per hour. The horizontal movement of the air by 
Robinson’s anemometer was at the rate of 10 miles per hour. 


PRopaGaTION or Sounn. 


March 31. 


At 5* 57™ 30° p.m., at 13,614 feet. Heard some sounds. 
At 6" 3" p.m., at 10,917 feet. A railway train heard. 


June 26. 


At 1° 16™ p.m., at 8888 feet. There was a sighing or moaning of tho wind 
heard as preceding a storm ; this continued for some time, and is the first 
instance of the kind that either Mr. Coxwell or myself have experienced. It 
was in no way owing to the cordage of the balloon, but appeared to be beneath, 
as if from conflicting currents below us. 

At 1* 31™ 30° p.m., at 16,442 feet. A railway train heard. 

At 1" 48™ p.m., at 21,978 feet. A railway train heard. 


July 11. 


At 5" 19™ p.m., at 4000 feet. The cheering of people at Caterham heard. 
At 6" 20™ p.m., at 5772 feet. People heard shouting. 

At 7° 56™ 30° p.m., at 1000 feet. Cries of “come down ” heard. 

At 8" 17 30° p.m., at 808 feet. A pack of hounds baying at us. 

At 8 4™ p.m., at 1241 feet. Frightened geese heard cackling. 

At 8 9™ p.m., at 1145 feet. A bugle heard. 

At 8" 14” p.m., at 1532 feet. Bugle heard again. 


July 21. 


At 5* p.m., at 2488 feet. A railway train and the hum of London heard; 
also bell tolling 5 o’clock heard. 
At 5" 1™ p.m., at 2610 feet. Hammering heard. 


ParysroLloaicaL OBSERVATIONS, 


March 31. 


At 4" 46™ 30° p.m., at 16,669 feet. Mr. Glaisher’s heart beats very loud, but 
not Mr. Coxwell’s. 

At 5" p.m., at 17,205 feet. Face very blue; feet very cold. 

At 5° 24™+4-p.m., at 20,910 feet. Breathing deeply. 

At 5* 25" p.m., at 21,860 feet. Hands blue, 
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At 5" 31™ p.m., at 16,486 feet. Mr. Glaisher’s pulsations 97 per minute ; 
Mr. Coxwell’s 98 per minute. | 

At 5" 47™ 40° p.m., at 16,080 feet. Very cold. 

At 6" p.m., at 11,953 feet. Mr. Coxwell’s hands felt as if they were scalded ; 
he was unable to lower the grapnel. 

At 6" 3™ p.m., at 10,917 feet. Face a glowing purple. 

At 6" 5™ p.m., at 9570 feet. Violent retching. 

At 6" 8™ p.m., at 7907 feet. A feeling of illness. 

At 6" 9" p.m., at 7443 feet. Vomiting. 


April 18. 

At 1" 42™ p.m., at 17,057 feet. A stream of cold to sense. 

At 1* 48™ p.m., at 18,886 feet. A general tinge over the countenance ; 
heart slightly affected. 

At 1" 52™ 50° p.m., at 20,163 feet. Face of a bluish-white colour. 

At 2° p.m., at 20,943 feet. Mr. Glaisher’s pulsations varied from 90 to 95 
per minute; Mr. Coxwell’s from 98 to 113; Mr. Ingelow’s kept at 130. 
Mr. Glaisher’s pulse was weak; Mr. Ingelow’s full and strong. 

At 2" 13" p.m., at 21,760 feet. Air very dry to sense. 


June 26. 


At 1* 7™ 20° p.m., at 3029 feet. It was painfully cold. 

At 1" 11™ p.m., at 6477 feet. Dreadfully cold; I put on a coat with diffi- 
culty ; wrapped up my neck; also put on an extra cap, and gave Mr. Coxwell 
& wrapper. . 

At 1" 22 p.m., at 14,203 feet. Mr. Coxwell complained of pains in his 
hands, which were of a dark-blue colour. 


Tae Lives In THE Spectrum. 


March 31. 


Before starting B was the boundary-line at the red end, and a little past G 
at the violet end when looking at the sky. When looking at the sun H was 
not distinctly seen. 

At 4" 20™ p.m., at about half a mile high. The spectrum was the same 
as on the earth, but the extreme lines were seen with less distinctness. 

At 4" 29™ p.m., at 7557 feet. Sky spectrum very bright, less lines at the 
red and violet ends. G is quite the limit, B cannot be seen, and C is doubtful. 

At 4" 39" p.m., at 12,000 feet. Can see to the line F in the sky spectrum ; 
violet dull ; no lines can be seen beyond D. 

At 4" 42™ p.m., at 13,700 feet. Lost sight of the violet end of the sky 

; no lines can be seen at all. 

At 4* 45™ p.m., at 15,793 feet. Sky spectrum very short; no lines; can 
see a little beyond D to EK, not F. 

At 4" 49™ p.m., at 17,616 feet. No lines visible in the sky spectrum; faint 
violet rays as far as G. 

At 5° 10™ p.m., at 19,356 feet. No sky spectrum at all. 

At 5®* 23™ p.m., at 20,749 feet. No sky spectrum at all. 

At 5° 43™ p.m., at 16,080 feet. No sky spectrum at all. 

At 5" 58™ 30° p.m., at 12,797 feet. Nosky spectrum; probably not suffi- 
cient light. 
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Apri 18. 

Before starting the solar spectrum extends from B to nearly H, and the 
sky spectrum from B to G; these lines were quite the limit. 

At 1° 20" p.m., at 3555 feet. The spectroscope was directed to the sky 
near the sun ; G was very clear; can see H and far beyond. 

At 1" 21™ 10° p.m., at 4392 feet. Very many lines in the sky spectrum; 
the line B is clear. 

At 1" 27™ p.m., at 7764 feet. Sky spectrum from B up to A. 

At 1" 27™ 30° p.m., at 7764 feet. Beyond H and A in the sky spectrum, 
under and near the sun, lines beautifully defined; requires great change of 
focus to see Aand H. When spectrum is directed at some distance from the 
sun can see B and several lines beyond. 

At 1" 29™ p.m., at 10,020 feet. Sky spectrum short. 

At 1° 53” p.m., at 20,163 feet. Examined slit of apparatas; all seems right 

At 2" 12™ p.m., at 21,646 feet. No sky spectrum ; no lines. 

At 2" 15™ p.m., at 22,041 feet. Solar spectrum extended a good way 
beyond H at the violet end. On passing from the sun the spectrum shortened, 
and G was the limit; this was soon lost and the spectrum shortened rapidly. 

At 2 15™ p.m., at 22,041 feet. On approaching the sun again the yellow 
first appeared, and when very near the sun on all sides the spectrum was 
perfect, increasing in-length the nearer it approached the sun; and when 
beam of light came from the sun itself the whole spectrum was visible, and 
many lines between A and a andaand B. On passing from the sun the 
same phenomena were repeated as before; and when the sun again came 
round, from A to a good way beyond H was examined, and every line was 
geen that was visible from the earth, and a good many more. 


June 26. 
At the highest point the sky spectrum was the same as on the earth. 


July 11. 
At 5" 28" p.m., at 3581 feet. Sky spectrum from B to G seen. 


D1rrEeRENtT APPEARANCES OF THE Gas. 
March 31. 


At 4° 41™ p.m., at 18,070 feet. Gas very thick. 

At 4° 47™ p.m., at 17,060 feet. Gas issuing from the neck of the balloon. 
At 4° 48™ p.m., at 17,451 feet. Gas yellow and opaque. 

At 5" 57™ p.m., at 13,614 feet. Gas very clear. 


April 18. 


" At 1° 38" p.m., at about 15,000 feet. Gas clear. 
At 1" 54™ p.m., at 20,163 feet. Gas clear. 


June 26. 
At 1" 33" p.m., at 17,242 feet. Gas seen rushing out of the balloon m 
volumes. 
July 21. 


At 4" 55™ p.m., at 2095 feet. Gas very cloudy. 
At 4" 59™ p.m., at 2550 feet. Gas getting clearer. © 
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At 5" 19™ 30° p.m., at 3220 feet. Gas thick and opaque. — 

At 5° 26" 30° p.m., at 1793 feet. Gas beautifully clear, so that the netting 
can be seen through the balloon. ; 

At 5* 34™ 15° p.m., at 1960 feet. Gas thick and opaque. 


Misce~Langous OssERVATIONS. 
March 31. 


At 4" 24" p.m., at 5296 feet. London looks beautiful; Isle of Dogs 
visible at about the distance of one mile. 

At 4" 46™ 30° p.m., at 16,669 feet. The sun’s shape well defined as re- 
flected in the water; St. Katherine’s Docks apparently 10 miles distant ; 
the Crystal Palace apparently nearly under us. 

At 4" 50™ p.m., at 18,304 feet. The earth looks beautiful ; the mouth of 
the Thames appears almost under us; the coast is visible to Dover; can see 
Brighton and the sea beyond. 

At 4" 52™ p.m., at 17,400 feet. Just over Isle of Dogs; the Royal Ob- 
servatory visible; the Green Man Hotel, Blackheath, distinct; can see the 
rippling of the water below Putney Bridge. 

At 5° 4™ p.m., at 18,293 feet. Apparently over the Isle of Dogs. 

At 5® 8™ 50° p.m., at 19,197 feet. Apparently over Victoria Docks. 

At 5° 26" p.m., at 22,068 feet. Mouth of the Thames visible, and the 
coast is clear to Yarmouth. 

At 5" 34™ p.m., at 15,149 feet. The Thames and country visible for miles. 

At 5" 45™ p.m., at 16,080 feet. Chelmsford in sight. 

At 5° 46™ p.m., at 16,080 feet. East coast clear ; Ipswich in sight. 

At 5" 52” p.m., at 15,630 feet. Darkness is creeping over the earth. 

At 6" 24™ p.m., at 1260 feet. Over Romford or Lford. 

At 6" 25™ 30° p.m., at 893 feet. Packed up the instruments in a hurry. 


April 18. 
At 1° 21" 10° p.m., at 4392 feet. Crystal Palace and grounds well seen. 
At 1° 33™ p.m., at 12,970 feet. Balloon full. 
At 1" 48" p.m., at 18,886 feet. The largest field appears to be three 
inches square ; lowered the grapnel. 
At 2° 31™ 30° p.m., at 23,324 feet. Looked at the sun with red, blue, and 
ear glass for anything like prominences ; edge without appendages of any 


Jume 26. 
At 2” 20" 20° p.m., at 9148 feet. Two canals in sight; straight for many 
ea. 


July 11. 


At 5* 36™ p.m., at 2332 feet. Over Epsom Downs. 

At 5» 37" p.m., at 2469 feet. About five miles from Reigate. 

At 5" 39™ p.m., at 2424 feet. Sand out. 

At 5° 43" 30° p.m., at 2488 feet. The two towers of the Crystal Palace 
not quite in a straight line with us. 

At 5" 45™ p.m., at 2488 feet. Sand ont. 

At 5" 49™ p.m., at 2820 feet. Near Reigate. 

At 5 51™ p.m., at 2762 feet. A very fine view; crossing high road. 

At 6 4" p.m., at 3250 feet. Sand out. : 
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At 6" 13™ p.m., at 5105 feet. Sand out. 

At 6" 16™ p.m., at 5382 feet. Over Horsham. 

At 6" 52™ p.m., at 6453 feet. The coast at Brighton is distinctly visible. 

At 7 7™ 30° p.m., at 3645 feet. Near Newhaven. 

At 8° 6" 30° p.m., at 1144 feet. Over a very extensive wood. 

At 8" 7™ 15° p.m., at 1048 feet. We are apparently four or five miles 
from the coast. 

At 8° 14™ p.m., at 1532 feot. Goodwood Park visible. 

At 8" 32™ 30° p.m., at 666 feet. Over Goodwood Park. 

At 8" 34™ p.m., at 1085 feet. Packed up instruments. 


July 21. 


At 4" 52" 10° p.m. Balloon left the earth. 

At 4" 53™ p.m., at 1439 feet. Crystal Palace still visible. 

At 5" 5" p.m., at 2890 feet. Docks and River Thames visible; ships 
visible ; over Greenwich. 

At 5" 6” p.m., at 2750 feet. Over West India Docks. 

At 5° 11™ 30° p.m., at 1300 feet. Over Walthamstow ; carts visible. 

At 5" 12™ p.m., at 1120 feet. Nearly over Victoria Park. 

At 5" 12™ 15* p.m., at 1030 feet. Over East London Cemetery. 

At 5" 29™ 30° p.m., at 948 feet. Can hear the pattering of rain on the 
trees of Epping Forest. 

At 5" 35™ p.m., at 1898 feet. The grapnel and half the rope are invisible. 

At 5® 39™ p.m., at 996 feet. Changed direction, passing over the Forest ; 
can see sheep clearly. 


Meteorological Observations made in connexion with the Balloon Ascent on 
March 31, 


Royar OxsErvatory, GREENWICH. 


{ 
emp. | Ten- |Degree Bs|s 
of the jaion of | af | Diree- | 2 | = . 
dew- ve humi. | tion of ‘ ae Remarks | 
point.| pour. | dity, | wind. | 9 2 ag 

as | 


42'2| 36°0| 212] 64 | Bax. © |Cirrus, cumulus, cirrostratus, 
44°41 38°8 | °236 67 B.E. [and cirrocumulus. 
44°2| 37°6| ‘225) 62 | ... Cirrus, cumulus, cirrostrstu 
43°8| 37°4| ‘224; 63 | &. , 

43°3 | 37°4| 224] 63 | mon and cumulostratus. 
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a 
re) 
6 
a 
LA 
OVX YADA QU auhbhuUW 
°o 


oudless, with the exception 
. of a little cirrus amd camulo- 
stratus. 
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v 
°o 
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Noon. 


30°09 | Gor2 | 54°2| 48°9 | 346) 66 | ¥.N.E. | 10) © |jGenerally overcast; lightclouds 
° rop.m. 30°09 59°6 $3°7 48°5 *342| 68 eee 81... Ci 7 . a d 
° 20 ” 30°09 61-2! §5°6| 50°7| *370 69 ese 7 | os. Cunvalostratus. ms, an 
° 3° » | 30°09 61°6 55°7| 50°6| °369| 69 we [| TOT oe | 
» | 30°09) 60°4) §5°3| 50°9| -373| 71 | we. | 6] ... Cirrus, clrrocumilas: ; dense 
cirrostratus in s clear 
© §0 30° 62° 6° eq |e a i 
: 58 o"09 6 ‘9 563 50°7| °370| 65 | os 6]... \ nT aromas 
tie. oe bre 50°0 50°6 1369 | 66 | m.N.E.| 7] 0 and cirrocamulus. 
tan” 30°09 15) 55 8} 50°9 | °373! 69 | ME. 8 |... Ci cirrostratus, and cirro- 
ta 3 "30 59°2 | §4°2/| 49°71 357] 71 eee $ |... cunral 
39 4 30°10] §8°7 | 53°6 47° "348; 7o | ... 8]... cumulus 
: <0 ” 30"70 58°2 52°9 "11 °3361 70 aes 7 | ave 
38 ae 5 7 33° “a 338 66 N.N.E. z .. | | Cirrus, cumulus, cumulo- 
” . °3| °3391 67 a © str and cirrostratus. 
210 55 | 30°10] §9°3| 53°5| 48°4 "340 | 68 coe | 5 | ose “ 
1863. — 
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Meteorological Observations mede in connexion with 


30°07 


44°5 


37°1 


the Balloon Ascent on 
March 31 (continued). 


Royal OpsERvAToRY, GREENWICH. 


Roya Oxservatory, GREENWICH. 


Temp. 
of the 
dew- 
point. 


SS pees) oe eee 


33°2 


Ten- ID 


of | Diree- 


sion of 
va- | humi-/ tion o 
pour. | dity. | wind. 
in. | 
‘215 | 66 - 
214| 65 ese 
ot | 67 we 
+99 65 
196| 67 bes 
189, 64 
*189| 65 
185} 65 wes 
8g. 65 vee 
"184, 67 - 
"181, 68 eee 
"179 | 68 . 
"179 | 67 vos 
179| 69 ose 
"179.771 ees 
"178! 71 tes 
177 71 | B.S.E, 
166| 77 | 5.E. 


April 18. 


Amount of 
cloud 0-10. 


°o 


o0o0o0oqo0o0o0o00g0 


-——_— 


Amount of 


Remarks. . 


se ‘Balloon seen to rise; it then 
took a westerly direction. 
About this time the balloon 


~v 


changed, and took a di- 
rection nearly E.N.E. 
Cloudless. Sand appeared to 

rise above the balloon. 

... (Cloudloss, Balloon exactly 
over the Royal Observatory. 
Tt was moving in a direction 
nearly E.S.E. 

. |On looking through the 30 in. 
achromatic telescope, the 
face and shoulders of one 
of the aéronauts were 

| seen. 
so» |Ballast thrown out. The net- 
ting of balloon distinctly 
seen by aid of telescope. 


! 


Cloudless. Balloon E.N.E. 
of Royal Observatory. 


ce] 


=—————— 


‘© |Cloudlese; a very fine bright 
evening. 
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Meteorological Observations made in connexion with 
the Balloon Ascent on 


April 18 (continued). 


Roya OssErvaTory, GREENWICH. 


rab 

observation. Barom. | _Thermom 8 /es 

to 32° F.| Dry ales 
h m in. ° 
2 20p.mM.| 3o'10/ §9°1 6 
2 30 » | 30°10! 61°9 6 
2 40 » | 30°10! §59°2 5 
2 5° » | 30°10) 59°7 4 
3 © » | 30°r0/] 60 4 
330 » | 30°09| 581 6]... 
3 40 » | 30°IO! 574 5 | wee 
3 50 »» | 30°10) 57°7 5 ese 
4 © » | 30°%0| 58x 6 | 


June 26. 


2 |) Cumulus,cirrocumulus, and | 


; ; 4 
39°00 | 72°5 | 60°4 | 51-4 | "379 | 48 |W...) 4g | carrus. :; 
© 20 » | 29°99 | 71°2 | 60°3 | 52°0 | °3 3 | SI | &W. 5 ulus, cirrus, and carro 
cumulus in the senith. a 
© 30 » {29° 2°4 | 61°1 | ¢2 w. -- (Cumulus, cirrocumulus, an 
» | 29°99 | 72°4 527 | "399 | 5° 4 cirrus; the senith is clear. 
© 40 » | 29°99 | 73°3 | 62°o | 53-7 |-413 | so | Ww. | 5 Cumulus; cirrocamalus in 
© $0 » | 29°99 | 73°2 | 62°9 | 55°3 |-437 | 53 |WeW.) 5 the zenith and cirrus. 
1 © w» | 29°99 | 72°9 | 612 | 52°6 |-397 | 49 | -- 4 Cirrus and cirrocumalos. 
310 4» 29°98 740 62 54°! 419 50 see 5 
i *0 » | 29 3 73°4 er" 53°3 407 49 | W-8.w. 5 
O » | 29°98 | 72°4 | 60°7 | 52°0 | °3 4 W. Cirrus, cirrostratus, and cir 
140 5, | 29°98 | 72°5 | 61°1 52°6 °397 | 50 | W.8.w 6 rocumulus. = 
1 §0 w | 29°98 | 73°9 | 61°5 | 52°5 |-396 | 47 | Ww. | 4 | 
2 © 5, | 29°98 | 73°1 | 61°5 | 52°9 |-401 | 50 |w. bys! 4 
210 5, | 29°97 |72°1 | 60°7 | 521 |°389 | 50 | w. 8 Cirrocumulus, cirrostratus, 
2 20 5 | 29°97 | 72°0 | 60°0 | 51-0 1-374 | 48 | w. | 8 _ and cirrus, | 
230 » | 29°97 | 70°8 | 59°5 | 50°8 [-371 | 50 | w. | 9 mulus,  cirrostratus, 
and cirrus. 


2 40 » | 29°97 | 7°°7 | 59°0 | 50°o |°36s | 48 |w. bys) 9 | --- /Cirrocumulus, cirrus, and cir- | 
rostratus, 


3 40 », | 29°96 | 683 Overcast ; nearly all cirrc- : 
3.50 5 | 29°96 | 67"1 stratus. ; 
4 © 4 {29°96 | 67°0 ; 
410 4, | 29°96 | 66°7 Overcast ; cirrostratus; sun | 
shining faintly through the | 
ou 


* |} overeat cirotetu 
Overcast ; few drope of rain. 
; continuous rain. 
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Meteorological Observations made in connexion with 


the Balloon Ascent on 
June 26 (continued). 
WoLvERTOoN. 
Reading of we | we 
| . Temp.| Ten- Degree Direc- | © 2 | © 
| obeerration. Berom.| Thermom: | dew. | va- humi- tion of HS a3 Remarks. 
reduced | | point. .| dity. ‘| BB Bg 
| to 39° F. Dry. Wet. <ti< 
| ° 55 pm. 2y°8 67°3 - G [brisk wind. 
(EF O 4 oy 8s 67°0 | 61° a is 6 10 | ... {Balloon in sight ; very cloudy ; 
1 1 15 »» | 29°83 | 67°8 . 2 /|° 53 10 |. 
125 » | 29°83 | 65°9 "2 |" 57 | 10 | + | (| Balloon out of sight at 
I 3° » 29°82 66°4 ° . . 58 10 | ese zh 7g™: cloudy. 
I 35 »» | 29°82 | 66°0 | 56° . 54 IO | o. , 
I 40 1» | 29°82 | 66°0 , 2° $7 10 | ... 
it 45 » | 29°83 65° . . Te) ro | we 
I §° 5, | 29°82 | 65:0 | 57° 59 IO | we 
11 55» |ag8r | 64°5 | 57°0 | 521 |° és | #0 | - |} Cloudy. 
2 © » | 29°81 | 65°0 . 59 140 | os 
2 5 w | 29°82 64°3 7 . 66 | 10 | aes 
2 10 4 | 29°83 | 64°7 . . 61 10 | «. . 
2 20 , | 29°83 | 63°4 ’ ’ 58 E 10 | Clouds thicker. 
225 » | 29°83 | 63°4 | 55° gic 58 | & | 10] + 
2 30 » | 29°84 | 63°7 | 55° r° 59 10 |. 
2 “ ” 29°04 e4"0 . e ° 59 10 wee 
2 vs | 29°62 2°o . ° 72 10 eee oe 
2 50 4, | 29°82 | 63-0 , ‘9 {1° 67 ¥ IO | eee Raining. 
2 55 »» | 29°82 | 63:0 | 57° ‘9 |° 67 | B | 10} -- 
3 © ,, | 29°82 | 62°8 | 57: 2 | 76 IO | on 
3. 5 » | 29°82 | 61 74 10 | os 
3 10 ,, | 29°82 | 61°0 . 7 66 IO | os ; ; 
3.15 5 | 29°82 | 61°0 . ‘8 |: 67 10 | ... | > Little rain. 
3 20 5», | 29°82 | 61°0 | 54° . 61 IO | os. 
3 25 » |29°82 | 600 “o | 48°7 |- oF 10 | ... 
3 30 29°82 | 59° . "7 \° 10 | ... : 
335 » [29°82 | 60-0 | 5470 | 487 |-344 | 66 10 |... |p Ne rain. 
1 3 42 4», | 29°82 | 60°8 ’ "9 |° é 10 | «.. 
| 3 45 » | 29°82 | 600 °o | 48°7 |- 6 10 | os. 
| 3 §0 . 29°82 | 60°0 | 53° 7o |° 61 10 | ... | > Raining fast. 
, 3 55 w | 29°80 | §9°0 ; 7 \° 69 10 | se 
| 4 © 4 |29°80 ! 59°0 ° 9 |° 65 10 | 
a a 
¢ 


Noon. /| 30°23 | 


© 10Pp.m,) 30°23 


oOo 20 
Oo 3° 
© 40 
Oo §° 
| I 0 
‘3 10 
x3 20 
gr 30 
1 40 


30°22 
30°22 
30°22 
30°22 
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30°22 
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July 11. 


76°8 
76°6 
77°2 
772 
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76°0 
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77°8 
76°8 
76°7 
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IAM AAM KA Quitim 


: } 


Cirrus and hase principally ;; 
a little cirrostratus. 4 


Cirrus and hase principally ; 
a little cirrostratus. 


212 


516 


Time of 


observation. 


‘oO 8 
as) 
= 


os 
00 


WwW Wm wma w WN me Wad w BV 
oooaooooo0oo$0o907 


Ant Pd db DDwWWWWwWwW YH DN DY YP oP 
SS 
oo°o oo0oo°0 


Ve) 
fo] 


5 10p.m,) 29°52 


AA n Quriwn ua wm 
me wees 
000 co 


w 
0°o 


——- 


Amount of 


NO GV~2 ~2 66 00 00 00 00 C9 CD HI § G5 10 OO 


cloud 0-10. 


Amount of 
ozone. 


ome | ee | eee ee 


Remarks. 


° Cir cirrostratus, and haze. 
| Cirrus, cirrocumulus, and 


"| ove with light cloud. 
chiefly cirrostratus. 


eer 
| 
| 

| 


Cirrostratus and a little ar- 


rocumulus. 


24 Civroatratue; the blue sky has 
been in the 8.E. since the 
[clouds first began to break. 


1 


Cirrus and cirrostratus. 


... [Thin cirrus and cirrostratus 
generally prevalent. 


12 Fow light clouds scattered here 
d there. 


| 


3 |Overcast; rain has fallen almost 
continuous! since 3 o’elock : 


{falling heavily. 
Overcast ; rain still falling. 
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Meteorological Observations made in connexion with 
the Balloon Ascent on 
July 11 (continued). 
Royat Osservatory, GREENWICH. 
Roading of of ___| Temp. | Ten- Degree, Diree- 
Rarom. | Thermom. of the ision of h of tion of 
uced —| point. ! pour. | dity. | “ 

to 32° F. Dry. Wet. 
in. | ° ° in. 

302% (77°3 63°21 53°3 | °407 | 44 | ESE 
30°21 | 77°3 62°99 | 52°8 |"4co | 43 E. 
zorzzr , 761 , 62°2 | 52°3 1°393 | 44 | E.S.E 
gor2x | 758 | 61°6 | 50-4 1379 | 43 | F 
3or2n | 73°7 | 614 | §2°4 1-394 | 47 |B 
30°21 | 73°9 | 61°7 | §2°8 | 400 | 47 | &E. 
30°20 | 73°3 | O12 ‘52-2 [391 | 48 | 8.5. 
gor20 | 74°4 | 61°B | 52-7 | "399 | 46 | ax. 
30°20 | 75*r | 621 | 52°7 |°399 | 46 | £8.E 
30°20 | 74°6 | 61°6 | 5271 |°389 | 46 | ox. 
30°20 | 74°§ | 61°5 (sat |°389 | 4600) SE. 
Zorg | 74°1 | 61-2 | 53°7 |°384 | 46 | BSE. 
30°19 1738 60°6 = 50°9 | 373 | 45 | B.S. 
30°19 1 74°1 | 61°0 | §1°4 |°379 | 45 | E 
30°I9 | 74°3 | Grex | 51°6 1 °382 | 45 | B.8.E. 
30°19 | 74°3 | 60°9 | Suez |°375 | 44 | ESE. 
30°19 | 74°§ | 60°8 | so°9 |*373 | 44 | & 
30°19 | 74°83 | 60°9 | 50°B /°371 | 43°) & 
30°18 | 74°9 | 61°0 | g1°0 | °374 | 43 «(| §.8.E. 
go°r18 | 74°r | 61°3 | srg [7386 | 46 | £.s.z. 
30°18 | 69°9 | 60°6 | 53°4 | 409 | 55 ! S.E. 
30°19 | 62°5 | 58:0 | s4°2 | gar | 75 | 8.E 

! | 
July 21. 
Royrat OsservaTory, GREENWICH. 
61°0 | 61°5 610 "537 | 100 | 8.8.E. 
; 
29°§2 |61°o | 61°§ | Gr°o |.§37 | 100 ! 8.8.E. 
29°52 | 61'2 | 60°7 | 60°1 |°520 | 97 | 8-8.E 
29°51 | 61°2 | 607 | 60°1 |°§20 | 97 | 8.8.5. 
29°51 be 9 | 60°5 | 60°3 | °524 | 98 | 8.8.B 
29°51 | 8° 60's | 60°3 1°524 | 98 | 5.8.5. 
29°51 607 60°3 | 60:0 }°518 | 98 | 5.8. 
29°50 | 60°5 | 60°2 | 60°0 }°518 | 98 | 8.5. 
29°50 | 60°4 | 60°2 | 6o'r | °520 | 99 | 8.85 


thin rain 
Overcast. 
as Overcast ; rain just commenced 
3 
3 
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Supplementary Report on the Present State of our Knowledye with 
regard tothe Mollusca of the West Coast of North America. By 
Puaiuip P. Carrenter, B.A., Ph.D.* 


THE object of the present Report is (1) to correct the errors which have been 
observed in the first Report (“‘ Report &c.”’ 1856, pp. 159-368); and (2) to 
point out the fresh sources of information which have been rendered avail- 
able since that period. For convenienee of comparison, the paragraph num- 
bers refer to those of the first Report in the corrections, and are continued 
from them in the addenda. In the bibliographical portion, the criticisms by 
the writer of this Report are inserted in [ ]; a distinction not always attended 
to in the former volume, in consequence of which erroneous names and loca- 
lities have been attributed to the reviewer, instcad of to the authors quoted. 

22, Introduction.—(Line 4 from bottom.) The river Willamette flows 
northwards (Gld.). | 

23. Early Writers.—The only Californian shell described by Linnus is 
Turbo sanquineus,=T'. coccineus, Desh.; v. Hanl. Ips. Linn. Conch. p. 334. 
The types are too much worn to decide whether they came from the North 
Pacific or (as is more probable) from the Mediterranean. In Gmelin’s edition 
of Linneeus, Lipsie, 1788-1790,—which is, in great measure, 9 translation 
from a German work published a few years in advance [teste Hanley ],—the 
following species are assigned to the “ West Coast of America,” probably on 
the authority of Martyn :—page 3529, Afurew foliatus: 3702, Patella pecten: 
3712, Patella calyptra. The last two seem exotic. 

Many West-coast species had found their way into English collections 
during the last century, at a much carlier date than was expected at the time 
of the first Report. They were mainly derived from the voyages of Capt. 
Cook and other circumnavigators. Capt. Cook was accompanied by Solander, 
as naturalist, at the instance of Sir Joseph Banks. His shells passed into 
the hands of Mr. Humphrey, the dealer, at whose death the remainder, a 
thousand boxes, became the property of the elder Sowerby, and (in part) of 
Mawe [teste Hanley}. They took their chance of being figured or described 
by the early conchologists. The localities are (as might be expected) often 
interchanged, but have been quoted by later authors, who have not thought 
fit to avail themselves of more correct sources of information. 

The first accurate delineations are by Thomas Martyn, in his ‘ Universal 
Conchologist,’ London, 1784. Those who only know this book from Chenu’s 
reprint, Paris, 1845, can form but a poor idea of the exquisite beauty of the 
original work. Of.this, very few copics are accessible ; but it may be consulted 
at the British Museum, the Royal Society, and the Royal Collcge of Surgeons. 
No. Plate. Fig. 

16 5 3. Patella tramoserica, Mart. N.W.C.America, very rare. [N.Zealand.] 
18 6 1. Fatella calypira, Mart. N.W. Coast of America, very rare. [Not 
identified : resembles Crep. adunca, without deck. Hanl. considers 
it a Hippony, like australis. 
81 8 4. Trochus inequalis, Mart. Friendly Isles, common. 8 not closely 
resemble the Japan and Vancouver species, =J’achypoma gtbbe- 
rosum, Chemn. ] 


22 10 1. Trochus canaliculatus, Mart. N. Zealand, rare. 
33.10 2. Trochus annulatus, Mart. N. Zealand, very rare. 
34 10 3. Trochus costatus, Mart. St. George's Sound, rare. [= Calltostoma 


Jilosum, castaneum, ligatum, and modesteum. 
* In consequence of the expected arrival of fresh materials, this Report has been cor- 
rected and continued up to the period of going to press. 
Warrington Free Museum and Library, Aug. let, 1864. 
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No. Plate. Fig. 

48 13,14 Ll Buccinum kratum, Mart. St. George’s Sound, most rare. [=F. de- 
cemcostatus (Say), Midd. = Middendor fe Cooper. | 

44 18 2. Bucctnum plicatum, Mart.(non Linn.} St. George's Sound, common, 
[=ertspatum, + compositem, Chemn., =/lactuca, &c., Esch. 

48 15 1. Buccinum lima, Mart. St. George’s Sound, rare. [Probably . decem- 
costata, Midd. ; the variety with numerous ribs and flattened spire. ] 

47 15 2. Buccinum saturum, Mart. St. George’s Sound, most rare. Lika 
Chr. liratus, with keels evanescent. 

62 20 2, Halos pulcherrima, Mart. St. George’s Sound, most rare. [Pacific 


24 «#1 Pepira folata, Mart. North-west Coast of N. America, rare. 
7%e 2 4 Trochue pulligo, Mart. St. George’s Sound, common. 
28 2. Pectu corbis, Mart. Pulo-Condore, most rare. [= Cardtum Nut- 
talkit, Conr., teste Desh. Cum. The figure is not so accurate as most 
of the others; but the colouring is characteristic. | 
158 58 1. Peeten rubidus, Mart. [non Hds.] Newfoundland, rare, [=P Inlan- 
dicus, Mill.) 

Many of the figures of Martyn were reproduced by Chemnitz, in his com- 
prehensive continuation of Martini’s ‘Conchylien Cabinet,’ 1780-1795. Un- 
happily, though often quoted for generic and specific names, he did not adopt 
the binomial nomenclature (except in vol. xi.), but described each shell in 
two or more words, as it happened. For this reason he appears to have had 
no scruple in altering previous designations, as follows :— 


1588, 1589, Murex Purpura alata, “Mart. Conch. Un. vol. ii. f. 66, Leaved Purpura 

hunny from N.W. coast of America.” 

1684... wrex Glomus cereus, seu Cereus conglomeratus, “ Mart. vol. ii. f. 48, 
Ri Buceinum kratum from King George’s Sound.” 

Vign. 21, f. A,B. Buccinum compositum, “Mart. Un. Conch. vol. ii. f. 44; Plaited 
Buccinum from King George’s Sound.” 

Vign. 28, f. A, B. Trochus gibberosus Nove Zelandia. “Forster's Cat. no. 1874; La 
Raboteuse de la nouvelle Zélande.—Mart. Un. Conch. vol. i. f. 81; 
Rugged Trochus inequalis from Friendly Is.” 

1579, 1580. Trochus Gokarns , “ Mart. vol. i. f. 32, Fluted Zrochus canaliculatus from 

. Zealand.” 

1581, 1582. Trochus virgineus, “ Favanne, Conch. pl. 79. f.1. vol. ii. p. 342; id. Cat. 
Rais. no. 1352, p. 269; Le Sabot ™ agellanique-— Mart. Un. Conch. 
vol. i. f. 833; Ringed Trochus annulatus from N. Zealand.—Cab. Mus. 
Portl. no. 1240; the Purpled-edged Trochus; item, no. 1970, a large 
and fine specimen of the le-edged 7rochus from the N.W. coast 
of America ; rare.” [== 7. celatus, var. 8. Gmel., teste Dillw. vol. ii. 


1802, 1808. Boecinunt crispatum. ‘‘The furbelowed Whelk.” [=B. plicatesm, 
Mart., non Ln. | 

1841, 1842, Murex amplustre. N.W. coast of America. [This erroneous locality 
is copied from the Portland Cat.. The species is quoted from Buc- 
cinum (Latirus) pplustre, Mart., no. 3. pl. 1. f. 8, where it is rightly 
assigned to the Friendly Is. =M. argus, var. y. Gmel., teste Dillw. 
vol. 11. p. 736. | 

The assignment of West American species to New Zealand, begun by 
Martyn, has continued a source of error to the present time. It occurs in 
Dr. Gould’s ‘ Exploring Expedition Mollusca,’ in the Cumingian Collection, 
and in the British Museum. 

In the ‘Travels in New Zealand,’ by Ernest Dieffenbach, M.D., London, 
1843, vol. i. pp. 228-264, is given a “Catalogue of the Species of Mollusca 
and their Shells, which have hitherto been recorded as found at New Zealand,” 
&c., byJ.E.Gray. The author premises that some of the species [marked *] 
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assigned by the older writers may be found erroneously placed. The follow- 
ing are probably from the West coast of North America, with the synonymy 
as understood by Dr. Gray :— 


Page. No. 
39) 8, Murez foliatus, Gmel. 3320, = M. purpura alata, Chemn. x. pl. 169. £.1588- 
9; Wood’s Cat. f. 13. Purpura foliata, Mart. U.C. ii. 66.—Habd. N. 
Zealand, Humphreys. King George’s Sound, Martyn. [ “z= M. tre 
Kien.: non M. tripterus, Born et auct. =trialatus, Kien.” teste 
229 = 9. Murex lyratus, Gmel. 3531. = _M. glomus cereus, Chem. x. pl. 169. f. 1634, 
—Buecinum lyratum, Martyn, U. C. ii. f. 43.—Hab. N. Zealand, King 
George’s Bay, Martyn. 
233 43. Purpura lamelicsa,=Buccinum 1., Gmel., Wood's Cat. f. 60.= Buc. pli- 
catum, Martyn, U. C. ii. f. 41. =Bue. composittum, Chemn. x. 179, vign. 
21. f. A, B.=.Bue. ertspatum, Chemn. xi. 84, pl. 187. f. 1802-8. Murex 
er., Lam. 174.— Hab. t Zealand, King George’s Sound, Chemn., Mar- 
tyn. Coast of Columbia. 
287 #71. Aaphinus canaliculatus. Trochus c. Martyn, U. C. pl. 82, = 7+. dokarius, 
emn. x. f. 1679-80; Wood’s Cat. f. 86.— Had. N. Zealand, Martyn, 
California, Capt. Belcher, R.N. 
*72, Ziziphinus . Trochus a., Martyn, U.C. pl. 33.= 7. virgineus, 
emn. x, f. 1581-2; Wood’s Cat. f. 98. = 7r. celatus, 8., Gmel.— Hab, 
N. Zealand, Martyn. California, Capt. Belcher. 
248 118. Bulla Quoytti, Gray, n. s.=B. striata, Q. & G., Voy. Astr. ii, 854, pl. 26, 
f. 8, 9, non Lam.— Hab. N. Zealand, Quoy, Stanger. 


But the first authentic information on the molluscs of the North-western 
coast is given in the ‘ Voyage Round the World, but more particularly to the 
N.W. Coast of America,’ by Capt. George Dixon, London, 1789: to which is 
added a Natural History Appendix. | 
Page 355, fig. 2. Solen patulus®. Cook’s River, [=Machera Nuttall, Conr.] 

In the ‘ Conchology, or Natural History of Shells,’ by George Perry, Lon- 
don, 1811, a work of no little pretension, yet singularly inaccurate, are figured 
the following species, but without authorities for the assigned localities :— 


* As this extract is probebly the first description on record of molluscs from the Pacific 
shores of N. America, by the original collector, and as the book is rarely to be met with, 
it may be interesting to quote the passage :— 

“‘ At the mouth of Cook’s River [lat. 59°-61°] are many species of shell-fish, most of 
them, I presume, nondescript ; and of all which I should have endeavoured to have got 
specimens, had business permitted. Among the bivalves we noticed some of a large spe- 
cies, of the Cardéum or cockle-genus [ Cardium corbis, Mart. }, half-a-dozen of which would 
have afforded a good supper for one person ; but, for s repast of that kind, our men pre- 
ferred a large species of the Soles genus, which they got im quantity, and were easily dis- 
covered by their spouting up the water as the men walked over the sands where they in- 
habited: as I suppose it to be e new kind, I have given a of it in the annexed plate 
[Solen patulus ; accurate external and internal views, size of wie Tis a thin brittle shell, - 
smooth within and without: one valve is furnished with two front and two lateral teeth 
[the ‘laterals’ are the nymphe for the ligament]; the other has one front and one side 
tooth, which slip in between the others in the opposite valve : from the teeth, in each valve, 
proceeds a strong rib, which extends to above halfway across the shell, and gradually loses 
iteelf towards the edge, which is smooth and sharp. The colour of the outside is white, 
circularly, but faintly, zoned with violet, and is covered with a smooth yellowish-brown 
epidermis, which appears darkest whore the zones are: the inside is white, slightly zoned, 
and tinted with violet and pink. The animal, as in all species of this genus, protrudes 
beyond the ends of the shell very much, and is exceeding good food.—A fine specimen of 
this kind is in the Collection of John Swainson, Esq., of the Custom House, London.—We 
saw also, on this coast, s kind of muscle, in colour and shape much like the common eat- 
able muscle of Europe, but differed in being circularly wrinkled, and a great deal larger 
[ Mytilus Californianus, Conr.]. One valve I saw at Queen Charlotte's Islands measured 
above nine inches and a half in — With pieces of these muscles, sharpened to an ex- 
Thay fnote and point, the Indians their harpoons and other instruments for fishing. 

fasten them on with a kind of resinous substance.” — Dizon's ‘Voyage.’ 
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Pl. Fig. 
ot Polyples gracilis {= Trophon muiticowatwa, Exch.J, N. Zealand. 
20 5. Melania striata. New Californie. (All the figures of ‘ Melanta’ on this plate 


represent large Bulimi, perhaps from S. America. ] 


35 4. Cerithium reticulatum. New California. 

44 2. Haustrum pictum [ = Purpura planoepira | East Indies. 

44 3. Haustrum dentex | =P. colume ‘I. Nootka Sound : only 2 sp. known. — 
44 4. Haustrum tuber wn (=P. patula, jun.|. P— 

41 3. Okkva Leveriana [ =O. porphyria). ?— 

47 2. Trochus decarinatus { = Calliostoma canaliculatum)]. N. Zealand. 

58 2. Venus radiata [ = Calista lupinaria}. N. Zealand. 


The common Californian Haliotis was, it seems, first described in the 
‘Zoological Miscellany,’ by Dr. W. E. Leach, vol. i. 1814 *, 
Page 131, pl. 58. Haliotis Cracherodit, Leach. California. 


Solander rthade use of the materials he had collected in Cook’s Voyage, in 
compiling a work on Conchology of considerable merit. Dillwyn made a copy 
of it, and used it in preparing his own, allowing priority to its specific names ; 
but it was never published. The types were lately parted-with by the Lin- 
nean Society, who had determined not to keep any collections except those of 
Linneus. The ‘ Descriptive Catalogue of Recent Shells,’ &c., by L. W. Dill- 
wyn: London, 1817, is considered by Dr. Gray to be the best conchulogical 
work arranged according to the old system. The following are quoted from 
the West Coast :— 

Vol. Page. ° 

i. SOL. Mytilus rons, Linn.= Ostrea frons, Sol. Callone. Acapulco, Humphreys; 
Vest Indies, auct. 

i. 460. Cyprea pustulata, Sol. Acapulco. 

ii, 617. Buccinum plumbeum, Chemn. California. [Monoceros, PS. America. ] 


Following Dillwyn, and nearly eclipsing his fame through the originality 
and excellence of his classification, appeared Lamarck’s ‘ Animaux sans Ver- 
tébres,’ 1818-1822. Coordinate with or preceding this work are his Articles 
in the ‘ Annales du Muséum’ and the ‘ Encyclopédie.’ The fresh sources of 
his information are quoted in the first Report, p. 169. 

In Delessert’s ‘ Recueil,’ 1841, are figured 


Pl. 2, fig. 1. Solen ambiguus, Lam. [=S. rudis, C. B.Ad.] “Les mers d’Amérique.” 
Pl. 19, fig. 2. Cytherea semilamellosa, Gaudichaud [= C. lepinaria]. China Seas. 


In Deshayes’ invaluable edition of the ‘ An. s. Vert.,’ Paris, 1835-45, are 
quoted a variety of West Coast species which have already appeared under 
their original authorities. The following may be added :— 

' Vol. Page. 

viii. 232. Bulimus Mevicanus, Lam. = Hekr vittata, Fér. Mexico. 

ix. 33. Haltotis Californiensis, Swains.= H. glabra, Desh. California. 

ix. 357. Pleurotoma tuberculifera, Br. & Sby. California. 

ix. 584. Murex radiz, Gmel.=M. melanomathos (pars), Dillw. Acapulco. 

ix. 605. Murer foliatus, Gmel.=M. tripterus, Kien. N.W. America. “ ? India.” 


The last of the early writers whose works should here be quoted, and whose 
ideas on the relations of gencra were considerably in advance of the age, though 
somewhat fanciful, is Swainson, in his ‘ Zoological [lustrations,’ 1820-1833 ; 
‘ Appendix to the Sale Catalogue of Mrs. Bligh’s Shells,’ 1822; and ‘ Exotic 
Conchology,’ 1821-1835, reissued by Hanley, 1841. These works contain 
the following West Coast species :— 


* This work has been translated into French, and republished, by Chenu; where the 
same species is found on page 8, pl. 8. f. 2. 
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Bigs Cat. Page. . wy ws 
2. Halotis rufescens, Swains. (Ditto in Exot. Conch. ed. ii, p. 34.) Galapagos (?] 
and California. 
4, Cassis [ Malea] ringens, Swains. ?— 
5. Cassis corrugata, Swains. Native of the Galapagos. 
5. Harpa crenata, Swains. ?— 
8, Strombus granulatus, Swains. ?— 
Exot. Conch. Pilate. . 
86. Conus princeps, Ln.= C. regius, Martini, Lam. (C. P. var. 8., Ln.=C. ebreus.) 
7 (middle Sgure). Marginell Gmel., M Voluta plumbea, Sol 
07 (middle figure). Marginella prunum, Gmel., Martini= Volida plum ol. NS. 
( Africa. The pinched W. Indian form. ” 
183. Cyprea spadicea, Swains., Tilloch’s Phil. Mag. vol. lxi. p. 376. South Seas 
aoe). 
80. Hakotis Californiensis, Swains. [Figured with 9 small holes.] 1821. 
55. Solen ambiguus, Lam. N. America, 1820. [This shell is conspeeific with the 
“S. meditts, Alashka,” of the B. M. Coll.; differing somewhat from the 8. 
ambiguus as figured by Delessert. The B. M. locality is perhaps erroneous. | 


24, Valenciennes’ Memoir on Humb. and Bonpl., 1833.—The following 
notes are from a study of the complete copy in the Libr. Roy. Coll. Surgeons, 


Page. 

O91. Dona radiata [=var. of D. punctatostriatus, Hanl. 1843]. 

219. Venus succincta [= Chione Californtensis, Brod. 1835]. 

245. Bulimus undatus. [The Caribbean, not the Mexican, type is here figured. ] 

267. Haliotis Californiana [ =H. rufescens, Swains., not H. Californicnsis, Swains. }. 

267. (Add) Huliotis tnterrupta, Val. Tropical America. [The description acco 
with the young of L Cracherodii, Leach. 

277. Cerithium musica. [Description accords with C. maculosum, Kien.] 

278. Cerithium granosum | = Cerithidea varicosa). 

279. Cerithium fragaria [ = Rhinoclaris gemmata, Hds. }. 

282. Cerithium varicosum [= Cerithidea varicosa, Sby. |. 


206. Ficula ficoides P =decussata]. 
tp = Rapa, ie ]. 


25. Coquille.—All the limpets quoted are South American. 
26. Eschscholtz.—The following observations may be useful to the student: 


Page. 

10. Murer ferrugineus[ = Purp. crispata, Chemn., var. ; varices few, scarcely frilled J. 

11. Murex lactuca (= Purpura crispata, Chemn. }. 

1]. Murex multicostatus (1s not Trophon clathratus, as supposed by Midd. ; but pro- 
bably = 7. Gunneri. It resembles J. lacinsatum, Mart. (Falkland Is.) on a 
small scale; varices coronated, without spiral sculpture } 

16. Aemea, (Genus described in the Appendix to Kotzebue’s Second Voyage, 1830, 
p. 350; somewhat before Zectura, teste Woodward. | 

18, dcmaea mamillata, {The ‘crowded tubercles’ were perhaps due to nullipore. ] 

19, Acmea cassis (if a northern shell, is perhaps the strongly ribbed var. of pelta; 
but the figure accords beat with the Cape Horn species, P. enea, Mart. ]}. 

20. Acmea digitalis [is perhaps distinct from the variable persona; but passes into -. 
it by easy transitions]. . S 
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ar 1. Fissurella aspera [= Glyphis Lincolni, Gray, =cratitia, Gid. But Gi. densicla- 
thrata, Ree, j is probably distinct ; Sta Barbara, Jewett, Cooper]. 


27. Tankerville Cat., 1825.—The following species are also from the West 
Coast. The prices are added from the British Museum copy, as a record of 
their former rarity :— 


10s. Solen a 


161 15s. Tellina operoulata 
- 162 5s. Tellina punicea. 
206 £10 10s. Luctna Childrens [ described by Gray in Ann. Phil.1824: v. also 


Zool. Journ. vol. i. 1825, pp. yoa1-2, There is no authority 

for the statement that it came from Brazil. The Br. Mus. 

specimens are from “ Mus. Cracherode,” and are probabl 
est Coast. The only known locality is Cape St. FLucas.] 
1288 30s. Trochus annulatus. 


1204 20s. Trochus dolarius. 
1680 10s. Murex crispatus. 
1842 15s. Purpura patula 
1855 20s. planosntra 
1896 45s. Harpa crenata 
2240 15s. Cyprea teen . 


2380 xxxii se, Olan splendidula. ” Hab, P— 
2332 xxxiii 2s. 6d. Oliva biplicata. West Coast North America. 
2883 xxxiv os Okiva columellarts P— 


Conus re 
The .» i in Re * 174, should ave “poem omitted, except at no. 808, p. vi. No. 
1401 is described, on p. xii, as from Newfoundland. No. 1786 shot d have no 
page-reference. 


In the ‘ Zoological Journal,’ London, 1824-1829, appear descriptions of the 
following species :— 


Voli. March 1924, 60. Natica patula, Sb by. “Brought from S. America by 
M. de Humboldt. 2 spectmens only known.” * 

” Oct. 1824, 869. Cyprea subrostrata, Gray. Nehoue (Mus. Sby.). 
Wiprobably fossil fossil’ (Gray): a white, smooth spe- 
clea, 1 not te to be confounded with Trivia subrostrata. | 

” Jan. 1826, 510. Cypran ally ginosa, Mawe, pl.7. f.2; pl. 12. f.2. Cali- 

ornia. Named, without description, in Mawe’s 
Cat. (=C. poraria, var., Ducl.: Z. J. iv. p. 68.) 
518. @a pust , Sol. S. ‘Coast of Mexico. China. 
Vol. iii. Jan. 1827, 70. Hinnites giganteus (Sby.). P— [= H. Powlsons, Conr. 
alif. |= Hinnita gigantea, Gray, Ann. Phil. A 
re08, = Lima gigantea, Id. in loc” cit. [non J J. Shy] 
» Sept. 1827, 363. Cyprea subrostrata, Gray (bis, Trivia]. 
364. Cyprea radians, Lam. = C. ontscus, =C. pedi- 
culus, 8., Gmel.+ C. costata, Dillw. W. Coast of 
Mexico, ’? Adriatic. 
365. @a Californiana, Gray [ Trivia]. California. 
Vol. iv. Jan. 1828, 145-162. Monograph of Ovulum, m, by G. B. Sowerby, containing 
the species afterwards figured in the Spec. Conch. 


28. Beechey’s Voyage.—Increased study has supplied the following cor- 
rections :— 


* At R 611, note *, Dr. Gray states that the Natica patula, Barnes, Ann. Nat. 
Hist. N. Sept. 1824, i i. 188, is ‘“‘the shell described under that name by there 
is another N. potula (? ubi], must be called by Mr. Barnes's MS. name of ” heliovides.” 
Also that Do dentatum, Barnes, loc. cit.= D. ringens, Sby. 
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Z. 5. 878, 


73. Natica pallida [ = Lunatia caurina, Gld.,-+-soluta, Gld.], 
372, Natica otis. [Var.= Polinices fusca, C 
372. Natica clausa [=N. Beverki, Leach 


MS. in BM. 


378. Fusus lapllus= Buc. subrostratum, Gray. [Resembles the smooth, 


stumpy form of Perpura plicata, Mart.: “perfectly distinct,” 
teste Hanl. ] 


. Conus arcuatus (as figured in Z. B. V., is a very different shell from 


that in Mus. Cum. and the monographs; the latter is allied to C. 
tornatus |. 


. Conus shee raptus {resembles the broad form of C. mahogant]. 


Z. B.V. 180. (Add) Oliva semistriata, Gray, pl. 36.f.10. Hab. P— Panama, &c. 


. Conus Ximenes (scarcely differs from C. mahogant, var. in Mus. Cum. J. 
. rene be] Agaronia | et passim }. 


Add) Mouretra Peruvsana, Sby. (P. Z. S. 1835, p. 6) pl. 39. f. 6, 6’. 


[Also Margarita Bay, teste Pease. 


148. Patella Mazatlandica. [This is the Sandwich Islands species, = P. 


150, 


161. 
162. 


exarata, Nutt., teste . The large specimens quoted are pro- 
bably P. talcosa, Gid.} Pe q P 

Chama echinata. [Further series of specimens make it doubtful 
whether this be not a distinct species from C. frondosa, var. The 
original sculpture has not yet been detected. ] 


[should be] Cytherea biradiata. 


Add) Cardita borealis, Conr. (=“Arcturus rudis, Humphr.”) pl. 44. 
f.1. [Probably from near Icy Cape. Mus. Belcher. ] 


The types of the species described from this important voyage have been 
scattered. Some have been identified from Admiral Sir E. Belcher’s Collec- 


tion, which he 


kindly allowed me to examine for that purpose; others are 


in the possession of Mr, Hanley ; but many appear hopelessly lost. 


29. Wood's 


Ind. Test—In Hanley’s Revised Edition of this important 


work (London, 1856), several new localities are added from the writer’s 
varied experience, and the synonymy is most carefully elaborated. No other 
book contains such a mass of trustworthy information on the old species in so 
small a compass. The following are quoted, either as original authorities, or 
for locality or synonymy :— 


188 14, 
Suppl. 201 3. 
202.~—CoI. 


. Chiton sulcatus, 
. Solen maximus, Wood, Gen. Conch. 1815, pl. 31. f.3 [=S patulus, 


Douglane, Gray]. Sitka. 
ood, Gen. Conch. 1815, pl. 2. f. 4, 5. Sitcha, 
North Calif. [Mr. Hanley believes that Sitka is the island in 
lat. 58°, and that Sitcha is in the district now known as Wash- 
ington Territory, olim Oregon. 
ood, Gen. Conch. 1815, pl. 8. f.1. Galapagos. 


Dixon, N.W. America]. Sandw. Is. 


. Tellina rugosa, Born. Is. of Opara, New California. [Pacific Is. 
. Fellina muricata, Chemn. = Lucina scabra, Rve. Mewinn 
. Conus pusillus, Wood : non Chemn. nec Lam. [nec Gld.] = C. punc- 


ticulatus, var., Lam. (quasi Brug.) Mexico. 


. Cypreea onyx, Gray (quasi Lin.) = C.adusta, Chemn. [Pacific Is. The 


an Diegan shell is closely allied, = Leuponsa tcea.| ‘Calif.’ 


. Voluta tncrassata, Dillw. ; posterior to O. angulata,Lam. Centr, Am. 


Halkiotis Cracherods, Leach= H., glabra, Schub. 1829, non Chemn. 
et auct. Calif. 

Telina hédtea, Gray = T, alternidentata, Br. & Shy.=T. Guilfordia, 
Gray, in Griff. Cuv. pl. 19. f. 2. Tey (Cape. 

Dona Gray, Ann. Phil. 18265, 1x. 166; 


‘=D, elongata, 
Mawe, Conch. pl. 9. f 6, 1828. Calif. 


Fig. 
2. 
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Donax stultorum, Mawe, |. c. pl. 9. £.7; = Trigona st., Gray, Analyst, 
1838. °S. America [= Tr. crassatelloides, jun. Calif. ]. 


5, Chama crassicostata= Venertcardia c., Sby., Tank. Cat. p. 4. = Car- 


4 
46. 
6. 
3. 


» Buccinum planazis, 


dita Curieri, Brod., P. Z.S. 1882. = C. Michelini, Val. Acapulco. 


- Arca pectiniformis, Gray ( Pectunculus), non Lam. = P. inequalis, Shy. 
. Conus gradatus, Mawe. Calif, [= e “_ 
. Voluta lens, Mawe. Pan. 

. Foluta harpa, Mawe, Conch. Front. f. 2. 1823; = V. nucleus, Lam. 


scalaris, Val.} Pan. 


S. Pacific. 


. Voluta nuz, B.M.= Oliva biplicata, Sby., Tank. Cat. Calif. 

- Voluta tenebrosa, Mawe= O. undatella, Ducl. (Lam.) Pan. 

. Buccinum tenue, Mawe= Cassis Massene, Kien. Cala . 

. Buceinum distortum, Swains., Bligh’s Cat.= Columbella triumphalis, 


Ducl. [ Clavella]. W. Columbia. 


. Buccinum brevidentatum, Mawe= Purp. cornigera, Blainv. =P. ocel- 


lata, Kien. W. Columbia. 
Calif. 


. Buecinum denticdatum, Mawe | = Monoceros lugubre, Sby. Gen. 
. Bucctnum armatum, Mawe 


. Buccinum tectum, Mawe= Purp. callosa, Sby. Gen., non Lam. = P. 


angulifera, Kien. Duel.) = Cuma sulcata, Swains. Mal. Pan. 

awe= Pl. planicosta, Sby.= P. canaliculata, 
Duval, Rev. Zool. 1840, p. 107. Pan. { Purp. canaliculata, Ducl, 
is quite distinct. ] 


. Buceinum elongatum, Mawe= Terebra strigata, Sby., Tank. Cat.= 


T. zebra, Kien. Pan. 


. Strombus bituberculatus, B.M., non auct.= Str. Peruvianus, Swains., 


Phil. Mag. 62. W. Columb. 


. Murex rigidus, B.M.= Bue. nodatum, Martyn= Murer n., Gmel., 


Dillw.= Turbinella rigida, Gray. Pan. [Probably the Pacific sp. | 


. Murex sanguineus, Mawe = Turbinella varicosa, Rve. Galap 
. Murex salino, Mawe = Fasciolaria granosa, Kien., as of Brod., P.Z.S. 


1832, Panama. 


. Trochus undosus, Wood = T. undatus, Mawe, Conch. no. 146 (not 


described); = 7. balenarum, Val. Calif. 


. Trochus pellss-serpentis, Mawe= Tegula elegans, Leas., Til. Zool. pl. 50; 


=Ty. strigitlatus, Phil. (quasi Anton) Abbild. pl. 2. £9. Pan. 

Turbo saxosus, Mawe= Marmorostoma undulata, Swains., Zool. 1). 
8.2. Pan. . 

Haliotis corrugata, Mawe, Conch. no. 181. ?= ZH. nodosa, Phil. A bbil. 
pl. 2. Cali 

Patella pexiza, Gray == Dispotea Byronensis, Gray, Enc. Metr. Moll. 
pl. 4. f. 4 =[? Crucidulum spinosum, var. | Chili. 


31. Voy. Beagle—The Triton scaber is rightly assigned to 8. America: 
there is no satisfactory evidence for its appearance on the N.W. coast. The 
shells so quoted are probably cither imported from the Magellan district, or 
are Priene Oregonensis, jun., or Ocrnebra, var. aspera. 


36. Duclos.—The original article is in the ‘ Annales Nat. Sc.,’ May 1832, 
and contains the following species :— 


Page. Plate. Fig. 
i” lL 
105 1 

109 2 

111 


1. Purpura canalicwlata, Ducl., resembles P. succincta on & small scale. 


.j very rare. [Figured with 10 principal and a few intercalary 
riba. =P. decemcostata, Midd. J 


2. Purpura melones, Ducl. 7 anama. | 
8. Purpura centiquadra, Val. MS. cl. states that Val. altered his 


own name to speciosa while the sheet was passing through the 
ress. Tho latter, however, bears date 1833. 


p 
2 10. Perpura spheridia, Ducl, Cel. [A well-known Sierum from the 
Pacific bs) , 
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The species quoted in the text from Guérin, which 
Zool. for 1844, also appear here with the early date. Oliv 
ern form, from Guayaquil, &., is distinct from all varieties o 
O. Cumingii; it bears date 1839. In the same vol. are described and figured— 


olpapter a south. 


Plate. 
2. Calyptrea (Calypeopsis) rugosa, Less. Payta, Peru. [=Cruc. imbricatum, 
without pits. 
23. Conus hieroglyphus, Ducl. Probably Cal. [A Pacific form, like C. abbre- 
tat 


UUs. 
27. Cyprea eglantina, Ducl. Cal. [Astarved var. of Aricia arabica, Pacific Is.] 

38. Lady Douglas (afterwards known as Lady Wigram).—Placunanomia 
cepto. [The type is an old shell, with faint ribs. ] 

Placunanomia alope. [The type is a young shell, with small scars and 
faint ribs. The large series of specimens examined in the Smithsonian col- 
lections proves that these forms are among the many varieties of P. macro- 
schisma. The Indians have a superstitious‘dread of handling it. Many more 
species have since been detected in the Brit. Mus., from the late Lady 
Wigram’s valuable donations, including Macoma inquinata, Desh., described 
from her specimens; but, as they are evidently from mixed localities, it has 
not been thought necessary to catalogue them. | 

39. Nuttall—The verification of Conrad’s species being of considerable 
importance, I made diligent search for the original types during a recent 
tour in the United States. The supposed collection at Harvard University, 
Cambridge, Mass., has not been discovered by Professor Agassiz. The 
inquiries which Professor Longfellow kindly made at my request resulted in 
information that it was “in Dr. Wyman’s Mus. Nat. Hist., in the granite 
building on Howard Street ;”’ but no opportunity has been afforded of col- 
lating it, or even of verifying its existence. Dr. Jay rendered mo every 
assistance in studying the types which he has catalogued in his collection, 
now rearranging in his residence at Memironeck, near New York, and gave 
such duplicates as could be spared for the Smithsonian Museum. Several 
species, however, were not to be found, and some were clearly erroneous, as 
e. g- Chama “ exogyra, Conr.,” which proved to be C. lobata, Brod.; W. I., 
teste Cuming; China, Brit. Mus. The most satisfactory information was 
derived from an interview with Mr. Conrad himself at the Acad. Nat. Sci., 
Philadelphia, where the honorary curator, Mr. W. G. Binney, afforded us 
all possible aid in eliminating types from the collections of the Academy and 
of private conchologists in the city. Mr. Nuttall’s death (the news of which 
was received soon after) prevented his revising the corrections thus obtained. 
As he had previously presented a duplicate series of his shells to the Brit. 
Mus., which had been incorporated with the general collection, and had sig- 
nified to me his intention to leave the unique specimens to the nation, I at 
once communicated with the survivors and with Dr. Gray, who was fortunate 
enough to stop the intended sale, and to secure the shells, which were kindly 
presented by the executors. They are now mounted, and kept in drawers 
adjoining the Reigen collection, the Vancouver collection, and the Stimp- 
sonian typical collection of East Coast N. American shells. The following 
is a résumé of corrections obtained from these different sources, numbered to 
correspond with the list, Rep. pp. 194-201 :— 

2. “ Parapholas”’ penita [is a Pholadidea). 
3. Platyodon cancellatus {= Cry myoides, Nutt. MS.]. 
4. Cryptodon Nuttallii, Conr. “(The author, finding the generic name preoccupied, 
changed it to Schizotherus N.: 1852, teate Bin. Bibl.; 1854, Journ. A. f 8, 
Phil. p. 199,=Leraria capar, Gld.=L, maxima, Midd.,= Tresus maximus, 


eit in the Mag. | 
Gulf species, 
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Gray. Mr. Nuttall only brought home young specimens of this extraordinary 
shell. In its adult state it assumes either a transverse form (= or 
te vcore condin, deed fa 6 Sell ee oa nev. Beower 
13 ev 10m, &3 can in ificent series in 
the Smitha. Mus : aod » cackful of the animals in spirits, of various ages, 
has affiliated the large shells to the origmal Nuttallian i 3] 
10. Pandora punctata “is 2 Cidwphora. The serice a0 named in the Nuttallian 
collection belongs, however, to the Atlantic Cl. trikneata’. 


11. Solecurtus lucidus i3 almost certainty the of no. 12. The amount of 
obliquity m the internal rib is extremely variable in the adult specimens). 
Y re meL, teste 


12. Solecurtus Nuttallst ‘=Machera patula, Dixon, = Audas chs, 

Hds. in Mus. Cum. Mr. C.’s “ grandis, var.,” from Monterey, suits in its 

roportions for the adult of S. dscides. The shell has been widely distri- 

ted by commerce, and to extend far in a northerly direction. The 
animal 13 io beautifully fri ’. 

14. Solecurtus Califormanus =S. Dombeyi, teste Mus. Cuming: non Hanl. MS. 

15. Psammolia Pacifica "18 « Heterodonar, probably identical with the W. na 
Hf. bimaculata, which ia found abundantly in its many varieties at Aca- 
pulco 3== Telhna ricina, C. B. Ad’. 

17. Sangwinolaria Cakformana '=Macoma tnconspicua, Brod. & Sby., and is 
aerinolarde "abr radiata th of a large species of Peammolia 

18. Sanger: ; ata ‘is the young of s jes ia}. 

22. Telina alta [ =(from types) 2 Scrobécadaria bi .}. 

23. | =-Macoma edulis, Nutt.; a northern variety of Mf. secfa, no. 25, and quite 
distinct from VW. edentula.' 

26. The locality is not confirmed, and“is probably erroneous. 

27. ‘Dr. Gould considers his D, obesus a distinct species; from a large series, it 
appeare identical | 

28, 29 ese species of Standella, described from young specimens, were found 
of very large size by Dr. Cooper, with what may prove a third species, 
perhaps S. nasuia, Gid., olam. | 

308. Petricola carditoides [with P. arcuata+- cylindracea, Desh., are varieties of P. 
Californica. The series preserved in the Smithsonian Museum connects all 
the extreme forms’. 

$2. Mysta tumida, Conr. MS. [= Dy ‘a orbella, Gid., and belongs to the section 
Spherella,Conr. The label had been aseign ed by accident to a young valve 
of a Chione, probably from the Sandwich Is. }. 

83. Tapes staminea, [This is the extreme southern form of a widely diffused and 
very variable species, of which the normal condition is ba 
Desh.,= Venus rigida, Gld. pars. The principal varieties have been 
Tapes diversa, Sby.= Venus mundulus, Rve., and Venus ruderata, Desh. } 

$4. [The Californian Saridomi divide themselves into three groups: the large, 
southern, oval, grooved shella=S. arates, Gid.; the subquadrate, compers- 
tively smooth, northern shells=S. squalsdus+ gigantens, Desh.; and an 
intermediate form, which is the true S. Nedtalla, Conr. Some of Mr. Nut- 
tall’s specimens were, however, the young of S. aratus, of which the adult 
was not imown till very recently. | 

35. [The young of this Pachydesma is “ Trigona stultorum, Gray,” Desh. MS. in 
British Museum. } 

36. Cytherea callosa [=C. nobilis, Rve. Itis not a Dosinia, but the of anew 
subgenus, Amuiantis, differing from Callista as Mercenaria does from Venus}. 

87. Plate 19, fig. 16 (not 14 nor 15). [The true Venus Nedtallis of Conr. (teste 
Conr. ips. and types in Mus. Phil. Ac. and Jay) is not the shell here cata- 
logued, which generally goes by that name, buat is s synonym for the V. 
Californiensis, Brod.,=suecincta, Val. The error was corrected in the Mus. 
Cum. in time for the right shell to be figured by Reeve in his recent mono- 
graph. It ia doubtful what name of Shatehboran flack the shell here a 

ogued, whic ongs to the group o ’ ifraga, &c. 
distinct from the latter, it may stand as Chrone callosa, aby fu (non Conr.) 

38, Venus Californiana [(teste Conr. ips.) was intended for V. Calforns 
Brod. Not having access to the type, it could hardly be recognized by the 
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brief diagnosis. The name should therefore be dropped. The shell, pl. 19. 
fig. 15 (not 16)= Chtone simillima, Sby., no. 88; a good, Lower Californian 

ies. It seems that the error was not in the numbering of the figures, as 
Mr. Nuttall supposed, but in Conrad’s identification of Broderip’s species]. 

40. Chione excavata (is closely related to’Ch. succincta; the unique type, however, 
in Brit. Mus. displays characteristic differences of sculpture. It is singu- 
larly like the W. Indian CA’. canceflata, and may prove exotic]. 

41. Cypricardia Calkifornica [=C. Guiniaca, Lam.,= C, Duperryi, Desh. Almost 
certainly from the Sandwich Is. ]. 

45, 456. Cardsum Califormianum |= C. Nedtalisi, var. The ies Is named “ C. 
corbis, Mart.,” by Desh. MS. in Mus. Brit. and Cuming}. 

46. Cardiwm quadragenarium [=C. kdeolabrum, Gid.}], ™ 

51. v. anted, no. 82. 

56. Modiola recta. [Described from very young specimens, The broad form is 

: ’ 

59. BM befurcatus. tine type is lost; the figure and description would suit 
man species. It is allocated, in Mus. Cum., to the Californian Sepisfer ; 
but by ease to a Sandwich Island Mytilus. 

60, [None of Conrad’s species of Teognomon ave been confirmed as from Califor- 
nia. They are known to inhabit the Pacific Islands. 
628, (Mr. Nuttall also brought an oyster, which he named in MS. O. latecaudata, 
= O. lurida, var.; and Hinnites giganteus, Gray, =H. Poulsont, Conr, } 
64, [Dr. Gould states that H. Nicklinana, Les,=H. Californensis, Pfr., Chemn., 
Rve.; but that H. Cakforniensis, is distinct. | 
69. Heliz Townsendiana [= H. qruginosa, Gld. MS.}. 
74. Chiton Nuttaliié [is an Ischnochston}. 
76. Chiton acutus [is an aberrant form of Mopalia. ‘‘ Chston consimilis,” Nutt. MS. 
in Brit. Mus., appears to be Mopaka Hinds, var. ‘ Chiton Californicus ” 
Nutt. MS., =“ Acanthopleura” scabra, Rve. |. 
Patella mamillata, Nutt. [(non Esch.) is now assigned in Mus, Cuming to 
Aemea scabra, Nutt., var. kmatula). 
83. Fissurella ornata, Nutt. [ =F. volcano, Rve.} 
84. Glyphis densiclathrata, Rve. [ V. anted, p. 522. The shell has been lost.) 
86. H. Californiensis, Swains. ((not Cakiforniana, Val., = rufescens), is an extreme 
var. of H. Cracherods. The series in the Smithsonian Mus. have 56, 6, 7, 
8, and 9 holes; as soon as it has 10 and 11, it passes into Cakformensis, 
which was figured in 1821 with 9 holes. When these are numerous, they 
are generally small in proportion }. 
91. Callktostoma dokarwum [= C. canahculatum, Mart. This and C. annulatem, 
Mart., are quite distinct from C. filosum, which= C. costatum, Mart. }. 
92. Omphalius ater (is the S. American species. The common Californian shell is] 
94. O. marginatus, Nutt. MS. [=/funebralks, A. Ad.]. 
976. The collection contains one specimen of Crepidula dorsata. 
108. Us a Serpulorbis, without operc., teste Cooper. | 
106. Litorina tenebrata [should ainda, Gld. (non Jeffr.). Nuttall’s MS. name 
was published by Phil. in 1845]. 
107, Natica Pmaroccana, var. Californica. [The varietal name must be dropped. 
The shell certainly came from the Sandwich Islands. ] 

108. {rhe shell is Vitwlaria salebrosa, jun., and not} Ranella triquetra. 

100. Mitra maura (Swains., teste Rve. (P ubi)= MM. orientaks, Gray, = M. “ Che- 

lensis,”’ Kien. |. 

110. Olivella glandinaria, Nutt. [= 0O. biphcata, Sby. }. 

112, 113. Purpera aperta and P. harpa [are certainly from the Sandwich Islands]. 

114, Purpura emarginata [was described by Desh. from an immature imen in 
which 8 -formed knob caused an “emargination.” The adult is one 

very extreme form; P. ostrina, Gld., is another; P. fuscata, Fbe., is a third. 
The normal condition is P. lapillus, Cooper (non Linn.),=eazricola, Val. 
Mr. Nuttall’s collection also contains] P. crispata, var. 
116, Monoceros brevidens pe an accidentally short-toothed form of MY. lagilloides]. 
118, Corowa Nuttallit [with C. fokatem and C. monoceros, Sby., belongs to Per- 
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The imens numbered 2, 5, 8, 9, 19, 21, 28-31, 36, 44, 46, 49, 50, 52-54, 56, 
59, 64-8, 70-72, 76, 84, 86-88, 98, 101, 103, 104, and 109 do not appear in the 
Brit. Mus. Nuttallian collection. 

41. Voy. Venus.—Rev. Zool. and Guér. Mag. 


Arca trapezia [ =A. tuberculssa]. 

Sazxicava leyumen ({ = 8. pholadis; Pfrom hole of Lithophagus |. 

Petricola arcuata (=the normal state of P. carditoides, Conr. }. 

Petricola cylindracea [=a short form of the same sp., developing ridges of growth, 
like Tapes ruderata, Desh. |. 

Venerupis gigantea | = Saridomus squalidus, Desh} 

Cypricardia Duperreyi [= C. Guinaiaca, Lam.,= C. Californica, Conr. A Sandwich 

and species, twice quoted, but not confirmed, from Cal. }. 

Cardium Laperoussii [is an Aphrodite, like Grenlandicum, but more transverse, and 
with lateral teeth less developed. ‘This very rare and probably boreal shell has 
just been identified from Adm. Sir E. Belcher’s coll. }. 

Cardium Caltfornicnse, Desh. [is not C. Culifornianum (= Nuttallti), Conr.; but=C. 
preudoy le, Rve., 1844. The name of Desh. is unfortunate, as his shell is the 

amtschatkan form with strong ribs. The Californian form is smaller, with 
fainter ribs, = C. blandum, Gld. }. 

Purpura Freycinetii [is figured from a very extreme form of the Japanese species. 

. ostrina passes into similar varieties ]. 

Velutina Millers [probably = V. levigata, which reaches Vancouver]. 

Lucina cristata i Tellidora lunulata, Holmes; described from the Pleistocene of S. 
Carolina, and lately dredged alive by Dr. Stimpson; not 7. Burnets]. 

The following may be added to Deshayes’ list :-— 


Pl, 81. Tellina ligamentina, Desh., 1843. Hab. P— [= Macoma secta, Conr.] 
Tellina Japonica, Desh., in Mus, Cum. (also appears to be M. secta, jun. }. 


In Valenciennes’ plates to the Voy. Ven. have been recognized the follow- 


ing West Coast species and synonyms, in addition to those quoted in Rep. 
pp. 203-204 :— 


Plate. Fig. 
3 2. Trochus diadematus, Val. {fonembles Pomaiudax undosus, jun., but the sur- 
face is faintly wrinkled all over; umbilical region not chiseled; and 
ged. It is probably intended for Pachypoma gibberosum |. 


S20 & 


. Murex aciuliger, Val. [is represented with labral toot me closed canal ; 
but resemb 


9»  pomatia, Val. (may be=P. ventricosus, jun. ]. 
»  rastellinum, Val. (=P. hastatus, jun.}. 
Ostrea gallus, Val. [“ Acapulco,” with fangs plates, = O. megodon, Hanl.]. 
. Cardita arcella, \ 
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Plate. Fig. 

) 2 Penitella xilophaga, Val. [may be the adult of fig. 4]. 

8. Penitel a tubigera, Val. [may possibly be intended for Ph. penita]. 
4. Pholas rostrata, Val. [is probably = Netastoma Darwinis, dby. jun. J. 
5. Ungulina kdicola,Val. [may be an extremely bad Petricola pha 
6. Corbula luticola, Val. [is probably = Sphania fragilis]. 

7. Bornia luticola, Val. [= Bali Laperoussit). 

8. Sazicava clava, Val. |=. legumen, Desh.,= 8. pholadis, var. }. 

The identification of these species is attended with great uncertainty, as 
the types have not been seen, and the artist appears to have studied effect 
rather than accuracy. 

42, Voyage of Sulphur.—The types of these species appear to have been 
scattered. Only a part are now to be found in the very valuable collection 
of Admiral Sir E. Belcher, in which most of the shells are, unfortunately, 
destitute both of names and of locality-marks. 

Murex Belcheri [belongs to Purpuride, and may be considered the type of 
the genus Chorus]. 

Ranella Californica. [After comparing a series with the Cumingian speci- 
mens of R. ventricosa, it appears that the diagnostic characters are not con- 
stant. 

Margin sapotilla. [The type in Mus. Cuming is much smaller than 
the ordinary condition of M. prunum=cerulescens, Lam., to which species 
the common Panama shells were referred by Mr.Cuming. In his collection, 
however, they stand thus :—Ordinary Panamic type “ sapotilla, Hds.: 5-13 
fms., sandy mud, Panama, H.C.” Another tablet of the true Panama shells 
‘‘ Marginella, n. sp., Panama,”—‘ San Domingo” having been crossed out. 
The small West Indian form, analogous to the typical sapotilla, is given as 
«« glans, Mke.” The large West Indian shells, with violet tinge behind the 
labrum, are “ cerulescens, Lam., Panama,” without authority. Another series 
of the W. Indian type is given as “ caerulescens, var., Lam., 10 fms., sandy 
mud, Panama,” without authority. Either habitat-errors have crept into the 
Cumingian labels, or else Mr. Redpath’s observation will not hold, viz. that 
the Atlantic shells have a posterior pinch on the labrum, which is not seen 
in the Pacific. All the authentic series examined from the two coasts bear 
out his view. There will be two opinions as to whether this be more than 
a mere local distinction. } 

Solarium quadriceps. [On comparing suites of S. granulosum from the 
Texan coast with series from the Gulf of California, it appeared that on each 
side of the Peninsula the shells went through similar changes in strength of 
sculpture, size of umbilicus, number of spiral granules, &c.; nor could any 
clue be obtained by which the coasts could be separated in a mixed collection. 
Hinds’s shell stands af the furthest extreme of removal from S. granulatum.] 

43. U.S. Exploring Expedition.—The shells of this collection were depo- 
sited in the Patent Office in Washington, D.C., where, notwithstanding the 
great care of Mr. Varden, the curator, they were not a little tampered-with. 
Dr. Gould laboured under great difficulties in his work of description ; he 
had access only to that part of the collection which happened to be unpacked 
and exposed to view during the brief’ period that his professional engagements 
allowed of his visiting the capital; and his request to be allowed to take 
doubtful shells to Europe for identification was refused. The materials also 
were of an unsatisfactory kind, a large proportion of the specimens being 
much weathered, and many of the locality-marks being manifestly erroneous. 
If occasional errors have been detected in his great work, they may fairly be 
set down to causes over which the author had no control. Many of these 
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have been corrected by Dr. Gould himself, in his ‘ Otia Conchologice,’ 
Boston, 1862, which contains the various papers in the ‘Proceedings of the 
Boston Soc. of Nat. Hist.,’? with an appendix. After the organization of the 
Smithsonian Institution, all the natural-history collections belonging to the 
Federal Government were transferred to its keeping, with liberty to exchange 
duplicates. The shells remained unopened, and the types not accessible, till, 
at the request of Professor Henry, I undertook the arrangement of the col- 
lections. Fortunately, a considerable part of the shells professing to be 
the figured types of the new species were found together, with the artist’s 
marks corresponding with the plates and figures. The result of the exami- 
nation, so far as the general collection is concerned, will shortly be prepared 
for the press; it is sufficient here to tabulate the observations on the N.W. 
American species, which were, as it happened, the most satisfactorily pre- 
served in the whole series. The following additional particulars include the 
‘¢ Rectifications ” in the ‘ Otia,’ the paging of which is continued from the 
‘‘ Expedition Shells ” quoted in Rep. p. 209. The quarto volume quoted in 
p. 210 is distinguished as ‘“‘ E. E. Mollusca.” The folio atlas of plates bears 
date on title 1856, but was not published till 1861, teste Binn. Bibl. vol. i. 
p. 504. The comparisons of types were made in 1860, from a proof copy. 


Otia, Page. 

8. Chiton lignosus=[Mopaha)] Mercku, Midd., test. Gld. E. E. Moll. (from 
worn specimens := Ch, Montereyensis, Cpr., from perfect shells. 

230. Chiton ( opleura) vespertinus, Perhaps=Ch. lsgnosus, var. | A Mo- 

Balsa, differing slightly in the amount of posterior wave. The fig. in 
.-E. Moll. is made-up from broken specimens. | 

6, 242. Chiton (Ontthochiton) dentiens. (The shell sent as type of this species, 
and all the others seen from the coast, agree in belo to Ischnochston, 
and are not dentate, as would be presumed from the and disg- 
nosis. As Dr. Gould’s toothed On:thochiton may hereafter be found, the 
ya Ohatoplecra) have been named Isch. pseudodentiens. eA Ad 

6, 242. Chiton ( eura) muscosus. [= Acanthopleura muscosa, H. A 
Gen., = Ch. ornatus, Nutt. P. Z. S. 1856, p. 232,-+ Mopake consimslis, 
Nutt. MS. in B, M. This beautiful apecies is a true Mopaka. 

230. Chiton (Leptochiton) tnterstenctus. Resemblea C. Sttchensis, Midd. [ = Cal- 
lochiton +.,H. & A. Ad., Gen. It is a true Technochston. The genera of 
Chitonids cannot always be ascertained by external characters alone, as 
indicated in Messrs. Adams’s genera. All the species in the Smithsonian 
Museum have been dissected. 

7, 242. Patella Crete Jimbriata= P. cinis, Rve. [=Acmea pelta, Esch. ]. 

9, 242. Patella ( Nacella) instalths. (Varies greatly in proportions. 

9, 242. Lottia (Tectura) pintadina. [The types represent the no condition of 
Acmesa patina. One variety is A. cribrécia, Gld. MS. The i- 
mens of 4. mesolenca intermixed by Dr. G. in the Mexican War collec- 
tions were, no doubt, affiliated by an oversight.) 

10, 243. Patella (Tectura) textslis is a var. of 7. persona, Esch. [A well-marked 
form of delicate growth, passing from A. persona into A. pelta, var. ; 
from the young of which some specimens can hardly be distinguished, 
except by the fretted pattern. | 

10, 243. Patella ( Tectura) scabra= spectrum (Nutt.), Rve., not scabra (Nutt.), Rve. 
[The type specimens belong to two species, f. 456, 456a, being .4. spec- 
trum, Nutt., while 4565 represents the flattened variety of 4. persona, 
Esch. (approaching the form digitalis, Esch.). As the diagnosis best 
accords with the latter shell, P. scabra, Gld., may stand as a synonym of 
persona, vay. ; the intermixed specimen, accidentally figured as belonging 
to the species, being removed to spectrum, Nutt. Thus the name scabre, 
not being needed as first described, will remain for Nuttall’s species, 
described by Rve., but firat named in print by Jay. | 
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To” Crepidula Kngulata, (Described from a worn en. Perfect shells 


15, Crepidula nummaria. (Descri 


50, 244 Proton the American coast. 

, 244, Natica (Lunatia) cavrina+ | -_ . 

50, 244. Natica trnadia} soluta | { (= 2. pallida, Br. & Sby.]. 

50, 244. Natica (Lunatic) algida ‘““R, Negro,” E. E. Shells; “ Oregon, E. E. Moll. 
[verd: ==young of L. Lewis, Gld., July 1847,=L. her , Midd., 1849]. 

52. Lacuna carinata, Gid., Nov. 1848 [ Z. solidula, Lov., 1846. Finmark], 

62,245. Litorina patula, Gd (non Jeffr.], Mar. 1849, =. planazis [Nutt.], Phil, 


52, 638. Tatorina ee am ot Plena [are shown by large series to be varieties 

one species ]. 

99. Lhtorina cincta, Gid., Aug. 1847, Puget Sd. [=Z. Sttchana, Phil, 1845. 
This species appears to have been overlooked in the E. E. Moll. 

61. Cerithium trroratum, Gid. [= C. obesum, Shy. sen., teste H. Cuming. The 
type proves this to be an E. I. species, and not the Panamic C. stercus- 
muscarum, Val., as supposed Oy Ur Gld.: v. C. B. Ad. 1 loco]. 

62. Cerithium filosun, Gld., May 1849 [= Zurritella Eschrichtst, Midd., 1849, 
(Bittium). Comp. C. filosum, Phil., Z. £ M. 1848, p. 84. California]. 

64, 245. Fusus (Bela) fidicula. 

64, 245. Fusus (Trophon) Orpheus [(non Baird.) = 7. Fabrics, Moll, in Br. Mus. 

67, 245. Buccinum (Nassa, 8. g. Tritsa) fossatum. Coesia in Ind. p. 258. [=N. 
elegans, Rve., 1842, non Dujardin: =Zaphon e., Add. ]. 

70, 245. Nassa (Tritia) mendica = N. Woodwardi, Fbs., 1850 [from types :-+N. 


Gibbest, (aay 

71, 245. Columbella (Aka) gausapata. [Belongs to the Nassoid group, Amyela. } 

76. Mya precisa [= M. truncata. BScarcely even a variety; but approaches 
the form Aldrovandi. | 

76, 245. Lutraria (Tresus) capax. [Dr. G. revives his excellent name; Z. maxima, 
Jonas, 1844, being anterior to Midd. Conrad’s name, Schizotherus 
Nuttaliss, is, however, very much earlier. } 

77, 248, Osteodesma (Lyonsia) bracteatum [+ 0. nitidum, Gid., in different states 
of preservation, =L. Caifornica, Conr. The “ golden nacre ”’ of O. brac- 
teatum is due to incipient decay, as generally happens in Anomiads]. 

83, 246. Cardita (Actinobolus) ventricosa. [Appears to be a local variety of the 
ancient Miocene species, Venericardta borealis ;+-C. occidentalis, Conr., 
+C. subtenta, Conr. (fossil) probably. } 

83. Cardium blandum, 1850, [A finely grown Pvar. of C. Californiense, Desh., 
1839, Midd. (non C. Californianum, Conr., 1837, = corbis, var) = C. peeudo- 
fossile, Rve., 1844. The name is so like the preoccupied Cahifornianum 
that it may advantageously be dropped. } 

85. Venus rigida, 1850 [non Dillw. 1817. It is fortunate that the name is 
not needed, as the author has joined two very different species, both 
of which have other names. The original Latin diagnosis applies to the 

1s 


e Ad 
87. Anodonta feminalis | =.A. angulata, var., teste Lea}. 
2u 2 


| 
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Otia, 


Page., 
93. Mytilus (Modiola) flabellatus. [The northern form of Modtola recta, Conr. 
he “specimens from the Gulf of California” must have been ©. Bra- 
zilensis, intermixed by accident. | 
04. Mytilus trossulus (is scarcely a variety of M. eduks, which is very abundant 
along the coast, under ita usual modifications of form and colour; but 
generally of small size 
95. Pecten hersceus, Gid. (=P. hastatus, Sby. sen. }. 
97, 246. Terebratula (Waldhemia) pulvinata. 
97, 246. Terebratula (Terebratella) caurina. 


E. E. Moll . 
Page. 
118. Planorbis c is of Say. 
143. Melania plicsfera ia of Lea. 
436. Anodonta is of Lea. 


206. Scalaria Paustralis [is abundantly confirmed from the Vancouver district. 
It should be called Opulia borealis, Gld.}. 
244, Purpura ostrina, Gld., ‘Otia,’ p. 225 [is an aberrant smooth var. of P. 
layllus, Coop., non Ln. ; the normal state being P. saxicola, Val.]. 
The following species, described in the ‘ Otia’ and ‘ E. E. Moll.’ as from « N. 
Zealand ’ and an unknown locality, are really from Puget Sound. 


Otis, Page. 

56, 245. Trochus pupillus, Gld., March 1849: N. Zealand (Zésiphémus in Index) = 
Margarita calostoma, A. Ad., 1851. Comp. T. modestus, Midd. [which 
is, however, =lgatus, Gld.,=costatus, Mart. This species is named in 
the BM. a “‘ M. costellata, Sby.,”’ but is distinct, teste A. Ad. & 

us. Cum. }. 

64, 245. Fusus (Neptunea) tncisus, Gld.. May 1849. Hab. P— ie. Tritomeum 

B. A. Rep (Fiusus) Sitchense, Midd., 1849, = Buccinum dirum, Rve., 1846. ] 
Page. 


210. Venus calearea [is correctly described by Dr. G. as from N. Zealand; 
although quoted by him as the Oregon analogue of V. mercenaria}. 

211. Tellina Californica, Conr. [= Macoma cua |. 

211. Triton tigrinum [is from Central America, nut] Puget Sd. 

211. Pecten Fabricis, hil: [is the young of Islandicus: Dr. G.’s shells are the 
young of P. (“ rubidus, Pvar.”) Hindsis]. 

211. Fesus cancellinus. [Dr G.’s shells are Ocinebra, var. aspera. | 

212. Purpura lagena, Gid. [MS., is probably sartcola, var.}. 

213. Pecten Townsendi [has not been identified}. 

213. Venus ampliata [is believed by Dr. G. to have been first designated by him 
as a species, afterwards proved=rigida (Petitt:), var. }. 

44, Middendorff.—The synonyniy given in Rep. pp. 214-222 is that of 
the author, not of the writer of the Report, who is by no means prepared to 
accept the learned doctor’s identification of species. The three Chitons quoted 
with doubt from Tilesius have not been confirmed, as from Kamtechatka, by 
any other writer. The Ch. giganteus has the aspect of the large Ischnochiton 
Magdalensis ; the Ch. murwatus belongs to the Lophyrus group, which is not 
known so far north ; and the Ch. setosus has also a S. American aspect. The 
treatise “ De Chitone Giganteo Camtschatico additamentum ad Zoographiam 
Rosso-Asiaticum, auctore Tilesio,” was read March 19, 1823, and published 
in 1824. It contains a very valuable and (for that period) remarkable account 
of the anatomy of Chitons, but it does not profess to name and describe species 
in the modern sense. The names, therefore, had better be dropped. Midden- 
dorff’s new species were first described in tho ‘ Bulletin de la Classe Physico- 
Mathématique de l’Académie Impériale des Sciences de St. Pétersbourg,’ a 
work of which few complete copies are known in England, under the follow- 

dates. 
ril 20, 1847: vol. vi. No. 8 (total number 128). 


ON MOLLUSCA OF THE WEST COAST OF NORTH AMERICA. 5838 


Column. 

116, Chiton Stelleri, n. a.,= C. amiculatus, Sby., Rve., non Pallas. 

117. Chiton Pallasi, n. 8. 

117. Chiton Brandte, n. s. 

118. Chiton Mertens, n. 8. { Ischnochiton). 

118. Chtton Eschscholizii, n. 8. 

119. Chiton Wosnessenskii, n.8. [A typical Mopaka: mantle indented behind. ] 
sis 
& 


120. Ch 


$17. Patella (P Acmea) ancyloides,n.s. [Probably a delicately grown young patina : 
the Siagnoclsy however, suits brake ame afterwards tered to per- 
sonotdes, to distinguish from Proptlidisum ancyloide, Fhe. 

$18. Patella (? Acmea) eruginosa,n.s. [Probably =tertsis, Gld., 1846; but the 

gure is more like scabra, Nutt.) 
818. Patella (? Acmea) pileolus, n.s. [Probably the young of A. ; but assigned 
in Mus. Cum. to a very different shell, =A. rosacea, Cpr. 
318. Patella (?Aemaa) Asm, n.s. [A specimen of A. pelta, in Dr. Cooper's col- 
lection, began life as 4. Asma. | 
319. Patella (P Acmea) ceca; genuina, vertice erecto, Atlantic. 
319. Patella (? Acmea) ceca, var. concentrica; vertice subinflexo; with crowded 
lamelle of growth. 
1849; read Oct. 6, 1848: vol. vii. No. 160. “ Vorladufige Anzeige einiger neuer 
Konchylien aus den Geschlechtern: Jatorina, &c., von Dr. A. Th. v. Middendorff.” 
241no.1. Litorina grandis. [The specimens in B. M. and Mus. Cum. appear to 
represent & var. of L. ktorea. | 

Intorina Kurila (like tenepresa). 

Litorina subtenebrosa. [Probably an extreme var. of L. Sttchana. | 

Tritonium (Fusus) antiquum, Lu., var. Behringiana. 

Tritonium (Fusus) Behring. 

Tritomum (FPusus) Baers. 

Ti ttonsum (Fusus) Sttchense [probably = Chr. dtrus, Rve., var. ; but stated 
to be “e livido viridescente; columella ssepius umbilicata”]. 

8. Tritontum (Flusus) luridum (= Vitularia aspera, Baird, smooth form]. 

. Tritontum (Buccinum) st: . 

10. Tritontum (Buccinum) O . 

1l. Tritonium (Buccinum) undatum, Linn., var. Schantarica. 

12. Tritontum Buccinum oordes, 

18. Bula ampullacea [is the genus Vi of Fischer} 

15. Natica herculea, North California [ = Z. 838, Gd., July 1847]. 
16. Margarita arctica, Leach, var. major. 


In the text of the 4to volumes, the following corrections are suggested, the 
numbers referring to the page in the B. A. Report which contains the abstract. 


Report, 215. cmea scutum, D’Orb. [is quite distinct from 4. persona, Esch. The 
latter, as figured by ina is & very young shell, not certainly be- 


longing to the species . 

Turritela Eschrichiu. [=Bitthum filosum, Gid., May 1849. There 
being no month-date to Midd.’s species, the excellent name of Gid., 
which may aleo be of Phil. 1848, should be retained. ] 

216. Trochus uter and mestus [are well-marked South American species. 
Probably the shells intended are Chlorostoma funebrale, A. Ad., 
and its congeners. | 

218. Trochus euryomphalus { = Phorcus 1 pulligo Mart., teste Donra | 

216. Trochus modestus, Md. | =/ilosus, Wd., = Callicetoma costatum, Martyn]. 

216. Trochus ( Turbo) Fokkesi: [is from the peninsula of Lower Cal.]. 

216. Nattea flava, Gid. [“ is entirely different from any of the synonyms 

under it,” teste Gid. }. 


TT Gr i Ge bo 
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Re 216. Scalaria Ochotensis [appears an aberrant Opaka; but is the genus 
por Snide °\Stchang ly allied i to Mesala, teste A. Ad]. b -m 
216. Cr Aana (is figured like the yo of grandis; but the 
specimens in Mus. Cum., when compared with the similar stage of 
. excavata, display no differences either inside, outside, or in the 

cuss raieatar| [ th of C. navioelioides, Nutt. ] 

216. Crepidula minuta [appears the e young tt. 
216. Crepiduda grandis [fossil at Sta. Barbara,=C. princeps, Conr. Can 

be distinguished from very fine Specimens of C. 
sent ort fon Halifax, Nova Scotia, by Mr. Willes] 

217. Trichotropis cancellata, vide, is. uite distinct from 7. borealis}. 

217. Perpura decemcostata, Mi “ eanaliculata, Ducl. Var. =P. at- 


217. Tritorium sum ( Trophon) clathratum, La. i din from the shouldered 
Esch., = Gunners. 
217. Thtortem (Fusus decemcostatum (= Che Middendorfii, Cooper= 
Chr. liratus, Martyn. | 
218. Tritonium (Buccinum) cancellatum [Midd., non] Lam. [=Priene 
Oregonensis, Redf. P. cancellata is the e Cape Horn species. Some 


M.’s she ave been exclu var. cera) 
218, Pecten rubidus, } ds. [non Martyn, =F. Telandicus, Mill. Midd.’s pl. 18, 
or pla 


they re ily they (“rubtdus, Pvar.”) Hindsit. But the £6 


219. Machera costata, [The figures represent M. patula, Dixon. ] 

220. Cingula minute (“is quite distinct from Hydrobhia uve,” teste Gld.]}. 

220. F elutina oryptospir a. [Probably a Lamellaria. | 

220. Perpur cinettit, Desh. is s qui uite distinct from attenuata, Rve. It 
is Path whether Mid ells belong to Desh.’s specios ) 

221. Terebratula frontalis, Midd. 1851, named in 1849, y= Pavia the orem 
of Waldheimia Coreanica, Ad. & Rve., 1850, = 
Gld., 1860, teste A. Ad., Rve. ]. 

221. Astarte lactea, Gid. [is distinct from .A. teste Gid. }. 

221. Tellina fusca, Sey [is distinct from 7. soliduda, though it may = 7. bal- 
bent Macoma tnconspicua, Br. & Sby., is distinct from 


222. an ‘hyalina [is distinct from LZ. Norvegica orvegion | 
achera costata, Say. [{Dr. Gould does not believe that any of Midd.’s 
synonyms belong to this species. Solen medius, in Br. Mus., appears 
= S. ambiguus, a) by Swains. It is nota Me era. | 

45. Samarang.—ZIitorina castanea, Ad. & Rve., 1850. ‘‘ Eastern Seas,” 
p. 49, pl. 11. f. 8 [appears identical with L. Sitchana, Phil. }. 

46. E. B. Philippi.—Columbella teniata, Phil., 1846 [is probably identical 
with Anachis Gaskoinei, Cpr. But C. teniata, Ad, & Rve., 1850, is perhaps 
a Nitidella}. 

47. The “ Mexwan War Naturalists.”—-These were Major Rich and Lieut. 
Green. Col. E. Jewett was not connected with the war, as would be supposed 
from the introduction to Dr. Gould’s pamphlet. The following corrections 
apply to the new species tabulated in Rep., pp. 226-228. The species of Gould 
bear date April 1852 (teste Otia, p. 184) ‘and Nov. 1851 (Otia, p. 210); the 
others, July 1856. 


s Corbula polychroma [= C. biradiata, v ar. 
. Tellina tersa [= Macoma nasuta, jun. Cal, not Pan. ]}. 
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90. Cardium 


. ; nr. |. 
27. Modsola nitens [ = M. sbpurpureus, Mus. Cum., ‘and is is not from Cal. }. 
28. Adula falcata, [The locality of Mr. fr. Cuming 8 specimens has not been con- 
firmed. For ‘6 ies,”’ in note, read cimens. 
. Lima tetrica. e specimens from the "Holitewrancda, W. Indies, Guif Cal, 
and Pacific aha ds were all named L. squamosa 7, Mr. . Cuming. ] 


. Nacella puleacea. |Col. ewott’s specitoons spout! from N. depict, , Hds. ] 

. Trochus marcsdus. [This shell was called ert by ee 
from the resemblance of the figure, i in which the the um teen appears keel 

but the shell marked ‘ wine answering to the diagnueis, along with ‘ Chloro- 

stoma’ maculosum, are scarcely varieties of Phorcus pulligo, Martyn. 

The finest series is in nthe BM. ] 

43. Licvona ptcoides [has been heard of, but not seen since the explorations of Col. J. 
Dr. Gid. still considers the species distinct: among the very dissimilar varieties 
from the W. Indies (vide suite in B. M.) it would ably not have been 

singled out as a species, but for the theory of the author} 

45. Cruct s Jewett [should be corrugatum, P. Z. 8 

47. Modulus dorsuosus, [Col. J. now thinks that the au pposed Acapulco specimens 
are W. Indian, =lenticularis, Chem. When dead, the forms from the two 
oceans can hardly be distinguished ; but the aspect of his shells is Caribbean. ] 

54. Conus ravus [= C. "Californious, Hida}. 

56. Conus pusilus, Qld. [non Chem. =nuz, small var., teste Cuming]. 

57. Obelscus achates [ =O. clarulus, A. Ad., 1854]. 

65. Columbella Sta.-Barbarensis (so named to correct the statement that California 
was above the limit of the genus, proves to be a Mexican shell, and was 
probably obtained at Acapulco. Having been redescribed by Reeve from 
weenect imens, it may stand as C. Reeves). 

66. Ni ould. (N , to be confounded with Col. Gouldiana, Agass., which 
is nis probably Amy 

67. Fusus ws [is a loatifornian species. The type stands in Mus. Cum. as as 
F. ‘egos, Rve., but does not answer to the diagnosis. The typical /r 
is marked fr osus var. F. ambustus appears 2 absolutely identical wit ”'F 
elavatus, Brocchi, Mediterranean. Some o the diagnostic marks are not con- 
stant in the specimens]. 


Col. Jewett went to Panama, as a private collector, in January 1849, 
spending ten weeks in that region, including Taboga. This was two years 
before Prof. Adams’s explorations. Thence he sailed to San Francisco, 
where he spent four months in exploring the shore for about 50 miles 
from the head of the bay. After labouring for a week at’ Monterey, he 
spent ten weeks at Sta. Barbara and the neighbourhood, thoroughly exploring 
the coast for fifteen miles as far as Sta. Bonadventura. It was here, at the 
“‘ Rincon,” after a violent southern storm, that he obtained the specimens of 
Invona picoides, a8 well as many other rare species that have not been obtained 
by any other explorer. ‘The storm tore up the kelp to such a degree that 
it formed a bank for many miles on the beach, from 10 to 20 feet broad, and 
at least 4 feet deep. Many of the plants were more than 60 feet long and 5 
inches in diameter, having the appearance of vast cables.” Before his return 
to the east, he also collected at Mazatlan (where he obtained some species 
not included in the B. M. atest) and at Acapulco. There can be no 
doubt of the accuracy of the Colonel’s observations at the time they were 
made. Unsurpassed in America asa field-palseontologist, possessed of accurate 
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discrimination, abundant carefulness, and unwearied diligence and patience, 
no one was better fitted to collect materials for a scientific survey of the coast. 
But, unfortunately for his (as for the NuttaJlian) shells, he did not describe them ° 
at the time himself. They were subjected to all the derangements caused by 
frequent changes of residence, and transmission to various naturalists for 
identification. As we know what errors creep into the collections of the 
most learned under such circumstances, it is not surprising that they should 
now have lost much of their geographical value. After several days spent 
in a very searching elimination of the west-coast shells from his general col- 
lection, I was driven to the conclusion that several labels had become mis- 
placed. This was so clearly the case as to certain N. England and W. Indian 
species interchanged with Pacific specimens, that it might also affect. (¢. g.) 
Sta. Barbara and Panama specimens as compared with each other. The kelp 
driven up by the great storm may have travelled from remote localities; which 
will account for tropical shells having been found at Sta. Barbara, as W. 
Indians cccasionally are even on our own shores. It is possible also, as the 
Californian seas have as yet been but little dredged, that deep-water species 
live there which as yet are known only in the tropical province. Already 
some Gulf species have been thus obtained at San Diego and Catalina Island 
by Dr. Cooper, just as Mr. M‘Andrew dredged Mediterranean species on the 
coast of Norway. But facts of such importance should rest on better evidence 
than chance shells picked on a beach, and subjected to dangers of altered 
Inbels afterwards. What was regarded by Dr. Gould as of authority is cata- 
logued, according to his determinations of species, on pp. 226-231 of the first 
Report. The following is a list of the species which I found in the collection?, 
divided simply into the temperate and the tropical faunas. 


Species of the Temperate Fauna, collected by Col. Jewett t. 


Pholadidea penita, ovoidea. Tapes staminea, tenerrima °. 

Saxicava pholadis. Saxidomus squalidus, 

Schizotheirus Nuttallii. Petricola itoides. 

Cryptomya Californica. Rupellaria lamellifera. 

Lyonsia Californica. Lazaria subquadrata *f. 

Solen Psicarius, var. rosaceus *f. Chama pellucida. 

Macheera patula. Lucina Californica. 

Solecurtus Californianus, subteres. Diplodonta orbella. 

Macoma nasuta, secta. Mytilus Californianus, edulis. 

Lutricola alta. Modiola modiolus, recta, fornicata *t. 
Semele decisa, rubrolineata. Leda cselata. 

Donax Californicus, flexuosus*. Pecten hastatus, latiauritus, (Pventrico- 
Standella PCalifornica, sus, var.). sequisulcatus*+, squarro- 
Trigona crassatelloides. sus *t, paucicostatus *f. 

Psephis tantilla*. Amusium caurinum, jun. 

Amiantis callosa. Hinnites giganteus. 


Chione succincta, fluctifraga, simillima. | Bulla nebulosa. 


* This collection belongs to his daughter, Mrs. Boyce, of Utica, N.Y. The Colonel's 
invaluable collection of U. 8. Paleozoic fossils (probably the largest made by any indivi- 
dusl’s own hand) may be consulted at the State Museum in Albany, and will probably 
find its ultimate destination at one of the principal colleges. A number of the 
fossils described by Prof. Hall were from this collection, though often without acknow- 
ledgment. Only a small proportion of the types of the celebrated ‘ Palssontology’ are 
to be found in the State Collection, which was subjected to disastrous and very extensive 
curtailment before Col. J. entered on his present duties as curator. 

* These species and marked varieties were first found by Col. J. 

+ Of these forms, either not seen or not distinguished by Dr. Gould, the diagnoses are 
written, and will probably be found in one of the scientific periodicals for 1864. 

~ Unless otherwise stated in the list, Report, pp. 228-231, it may be presumcd that 
these species were from the neighbourhood of Sta. GJarbars. 
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Golchan (Peylind *, aT *, ' 

Cylichna lindracea, var.) attonsa “f. 

Volvula cylindrica “fF, 

Cryptochiton Stelleri. 

Mopalia muscosa. 

Nacella incessa, paleacea*. 

Acmma patina, pelta, persona, scabra, 
spectrum, Asml. 

Scurria mitra. 

Fiasurella volcano. 

Glyphis densiclathrata. 

Hahotis Cracherodii, rufescens, splendens. 

Phasianella(?compta, vars. )punctulata’f, 
pulloides*f, elatior *t. 

Pomaulax undosus. 

Trochiscus Norrisii, convexus *f. 

Calliostoma canaliculatum, costatum. 

Livona picoides *. 

Homalopoma ineum. 

Chlorostoma funebrale, Pfeifferi. 

Crucibulum spinosum. 

Crepidula adunca, dorsata, rugosa. 

Hipponyx tumens *f. 

Serpulorbis squamigerus. 

Bittium esuriens *}, fastigiatum °t. 

Cerithidea sacrata. 

Litorina planaxis, scutellata. 

Amphithalamus inclusus*f. - 

Lacuna unifasciata *. 

Radius vuriabilis. 

L.uponia spadicea: Trivia Californica. 

Erato columbella, vitellina. 
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Drillia inermis, moesta *f. 
Dephnella filosa *f. ' 
Mangelia variegata *t, an 
Myurella simplox *t. 
Conus Californicus. 
Odostomia gravida *, inflata*f. 
Chemnitzia tenuicula *, torquata® (et 
Pvar. stylina *f), virgo *f, aurantia *ft, 
crebrifilata *+, tridentata *f. 

Dunkeria laminata *f. 

Eulima Thersites *f. 

Opalia bullata “tf. 

Lunatia Lewisii. 

Cerithiopsis ?tuberculata, fortior *t, 

Mayibclle Jewettii*, Ppol 

inella Jowettii °, ita, regula- 
rie*t, subtrigona *f. a fm reg 

(Volvarina varia, serrata; perhaps im- 

orted, or label changed.) 

Olivella biplicata, beetica ¢ [ =petiolita, 
Gid.,+-anazora, Gid., MS. (non Duel.) 
=rufifasciata, teste Cum., y error |. 

Purpura crispata, saxicola. 

Nitidella Gouldii *. 

Ocinebra Poulsoni. 

Pteronotus festivus. 

Columbella carinata, Hindsii. 

Amycla PCaliforniana, gausapata, tube- 
rosa *f. 

Nassa perpinguis, mendica. 

PAnachis penicillata *f, 

Siphonalia fuscotincta *t. 


ta*f. 


Species of the Tropwal Fauna, collected by Col. Jewett *. 


Pholas crucigera [ =lanceolata ]. 
Dactylina laqueata. 
Corbula bicarinata, biradiata, nasuta, 
tenuis, ovulata §, nuciformis §. 
Sanguinolaria miniata °§. 
poo te 
ellina felix, puella*, punicea, “ru- 
bella.” Pp P a, 


Heterodonax bimaculatus et vars. §. 

Strigilla carnaria (white and red vars. )§ 
pisiformis§, sincera. 

Semele pulchra §, venusta §. 

Iphigenia altior. 
max transversus, navicula, gracilis, 
carinatus, rostratus §, punctatostria- 
tus §, v. ceolatus §. assimilis. 

Mulinia ta. 

Harvella elegans. 


Trigona planulata |, Hindsii §. 
Dosinia Dunkeri. 


Callista aurantia, chionma, circinata §, 
tortuosa, lupinaria||, rosea||, v. puella§. 

Chione amathusia, sugillata, neglecta. 

Anomalocardia subimbricuta, subrugosa.” 

Tapes grata, -+- vars. discors, fuscolineata. 

Petricola pholadiformis, var. 

Crassatella gibbosa. 

Venericardia laticostata, radiata. 

Lazaria affinis. 

Chama frondosa, spinosa. 

Cardium consors §, senticosum, procc- 
rum, obovale. 

Hemicardium biangulatum §, graniferum. 

Liocardium apicinum §. 

Codakia tigerrina ||. 

Lucina eburnea §, excavata §, pectinata. 

Felania tellinoides §, var. 

Modiola Brasiliensis, capax. 

Lithophagus aristatus. 

Arca grandis, tuberculosa. 


* Unless otherwise specified, either by §, ||, or locality-marke in Rep. pp. 228-231, 


these s 
§ These s 
| Probably from Mazatlan. 


may bo presumed to have come from the Panama district. 
ies were probably from Acapulco. 


§ Another specimen, 3°78 in. across, is marked “Sta. Barbara” on the shell. . 
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Scapharca bifrons *, emarginata, labiata, 
nux. 
Sie ae maul 
yssoarca Pacifica, mutabilis. 
Barbatia alternata, aviculoides, gradata, 
illota, solida. 
Pectunculus insequalis, maculatus, par- 
cipictus §, Ppectinoides §. 
Leda Elenensis, polita. 
Pinna maura, taberenlosa. 
Avicula sterna. 
Bryophila setosa *, 
Isognomon Chemnitzianum. 
Pecten ventricosus, subnodosus §. 
Lima angulata §. 
Spondylus calcifer. 
Ostrea palmula. 
Anomia lampe. 
Bulla Adamsi, Quoyi §. 
Siphonaria gigas, lecanium§ et vars. 


Acmea mesoleuca, mitella, vernicosa. 

Fissurella rugosa, nigropunctata, Pma- 
crotrema §. 

Glyphis insequalis, alta. 

Phasianella perforata. 

Callopoma saxosum. 

Senectus squamigerus §. 

Uvanilla inermis. 

Calliostoma lima, Leanum §. 

Tegula pellis-serpentis. 

Omphalius Panamensis, coronulatus #, 
ligulatus ||, viridulus. 

Nerita Bernhardi, scabricosta. 

Neritina picta Guayaquifensis, interme- 
dia [“‘ =glo rod.’”|. 

Crucibulum imbricatum, spinosum, um- 
brella, radiatum, pectinatum *, corru- 

* 


tum *. 

Gderus conicus, mamillaris. 
Crepidula aculeata §, excavata, incurva. 
Hipponyx barbatus, Grayanus. 
Aletes centiquadrus. 
Vermetus eburneus. 
Bivonia contorta, albida. 

etaloconchus macrophragma. 
Turritella goniostoma. 
Cerithium maculosum, uncinatum, me- 

dioleve, interruptum, alboliratum. 
Rhinoclavis gemmata. 
Cerithidea Montagnei, varicosa, 
Litorina ra, conspersa, Philippii. 
Modulus cetenclatua Pdisculus. PP 
Rissoina firmata*, fortis*, expanse *+/I, 


stricta §, Janus *, Woodwardii ||. 
Planaxis nigritella, planicostata. 
Radius avena §, similis. 

arinea e inata, jun. 
Aricia panctulate. ; 
Trivia pustulata, pulla, Pacifica §. 
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Erato scabriuscula §, Maugerie. 
Strombus galeatus, gracilior, gran 
Terebra ro usta. ale 

uryta fulgurata, aciculata §. 
Pleurotoma funiculata. ; 
Drillia albovallosa, aterrima, Pexarata §, 
| incraseata, nigerrima, rudis, hexagona, 


grac var. 

Mangelia subdiaphana §, hamata #f, 
cerea #t, Ppulchella. 

Cithara stromboides§ [? ==triticea, Kien. ]. 

Daphnella casta §. 

Conus gladiator, mahogani, nux, purpu- 
rascens, regularis. 

Solarium granulatum. 

Torinia variegata. 

Obeliscus achates ®/j. 

Chemnitzia celata *t. 

Scalaria Hindsii *. 

Alora Gouldii *. 

Cancellaria bulbulus, clavatula, decus- 
sata, goniostoma, ta, mitrifor- 
mis. 


Natica maroccana et vars., Souleyetiana, 
zonaria §, catenata §. 

Polinices otis, uber. 

Neverita patula §. 

Ficula ventricosa. 

Malea ringens. 

Bezoardica abbreviata. 

Levenia coarctata. 

Persona ridens [? = | constrictus. 

Triton lignarius, tigrinus, ? pileare, jun. 

Priene nodosa. 

Ranella celata, nitida, triquetra, pyra- 
midalis [like anceps and a, 
Rve. }. 

Fasciolaria granosa, tulipa, jun. [P im- 
ported ]. 

Latirus castaneus, ceratus, rudis, tuber- 
culatus. 


Leucozonia cingulata. 

Mitra lens, funiculata, nucleola. 

Strigatella tristis. 

Lyra harpa. 

Marginella cwrulescens, polita (P§). 

Persicula imbricata §. 

Volvarina triticea §, varia §, serrata§, fus- 
ca § [some of these are assigned to Sta. 
Barbara. West Indian specimens may 
have been intermixed: vide Cape St. 
Lucas list, infra]. - 

Oliva angulata, porphyria. 

Olivella anazora, gracilis §, inconspicua, 
semistriata, tergina, volutella, zonalis, 
Zanoéti. 

Agaronia testacea. 

Harpa crenata. 

Purpura biserialis, melo, patula, triangu- 
laris, triserialis. 

Cuma tecta, kiosquiformis. 
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Rhizocheilus nux. 

Vitularia salebrosa. 

Ocinebra erinaceoides. 

Monoceros brevidentatum. 

Sistrum carbonarium §. 

Nitidella cribraria. 

Columbella festiva, fuscata, labiosa, 
major, Reevei *§, uncinata §, ? mille- 
punctata, var.§ 

Conella coniformis. 

Truncaria modesta. 

Nassa collaria*, corpulenta, crebristri- 
ata, luteostoma, pagodus, scabrius- 
cula, tegula, versicolor, complanata, 
Stimpsoniana *, nodicincta. 
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Pyrula patula. 

Engina Reevi crocostoma. 

Anachis Californica *§, coronata, costel- 
lata, fluctuata, lyrata, nigricans, parva, 
pygmza, diminuta *, varia. 

Strombina bicanalifera, gibberula, re- 
curva. a 

Pisania gemmata, insignis, pagodus, 
ringens, sanguinolenta. 

Northia pristis. 

Clavella distorta. 

Murex recurvirostris, [P=] nigrescens 
( Cum.). 

Muricidea alveata§, dubia, vibex, “ pin- 
niger, Brod.” 


Phos gaudens. 

This list, of about 133 species from the northern and 328 from the 
southern fauna (nearly twice as large as that sent by Dr. Gould and printed 
in the first Report, and yet not containing several species there quoted), is an 
instructive instance of what may be accomplished in about three-quarters of 
a.year, simply by picking up shore-shells. It contains about 48 species in 
the northern and 22 in the southern faunas not previously described. 

Besides the recent shells, Col. Jewett brought home a very interesting 
series of Pliocene fossils from the neighbourhood of Sta. Barbara. Almost all 
of them are species known to inhabit neighbouring seas, and are chiefly 
northern forms. Of some no recent specimens have yet been found in such 
perfect condition. The following is a list of the species, which is of the more 
value as they have not been intermixed with those of any other locality, and 
the spot does not seem to have been discovered by any succeeding geological 


explorer. It was two miles from the coast, and 150 feet high. 
Schizotheirus Nuttallii. C ida, sp.# 
Mactra planulata. ia (Perenatoides, var.) insculpta *, 
Chione succincta *. D. 8. 
Pachydesma crassatelloides. Lunatia Lewisii. 
Peephis tantilla, Psalmonea. Natica clausa f. 
Rupellaria lamellifera. Priene Oregonensis f. 
Cardium iferum *, Olivella biplicata, 
Venericardia v. ventricosa f. Columbella carinata, 
Lucina Californica. Amycla gausapata. 
Pecten floridus ®. »  tuberosa, n. ¢. 
Hinnites giganteus. PTruncaria corrugata. 
Planorbis, sp. Naasa fossata. 
Calliostoma _ p mendica. 
ita pupilla f. ura crispata. 

Onnthalies aureotinctus, Ocinebra lurida, 
Galerus fastigiatus f. Trophon tenuisculptust, Pn. s. [may 
Crepidula Brandis + [Aidd.,=princeps,| prove identical with 7. fimbriatula, 

onr., 3°65 inches long’. » A. Ad., Japan]. 
Crepidula adunca. Trophon Orpheus f. 

, navicelloides. Fusus ambustus. 
Turritella Jewettii, n. s. Pisania fortis ®, n. s. 


Bittiam rugatum, n. 8. Chrysodomus carinatust, Brit. Mus. 


yy  armillatum, n. s. [probably = despectus, var. }. 
»  filosum f. Chrysodomus tabulatus, jun. t, n. s. 
Lacuna solidula t. ” dirus f. 
© These ies aro of a southern type 


species . 
, + These forms rank with the northern series. The rest belong to the present Californian 
auna. 
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The following fossils were also col- | Tellina congesta, Conr. prtonterey. 


lected by Col. Jewett :— Scalaria: can scarcely 
Purpura crispata | San Francisco, 160 ft. | from planicostata, Kien., in Brit. Mus. 
. yy ostrina above the Bay. (?= ndica): Panama. 


The collections of Major Rich, having been tabulated by Dr. Gould simply 
as from Upper or Lower California, I had expected to find of but little geo- 
graphical value. They proved, however, to be of peculiar interest. Major 
Rich had been-one of the naturalists in the U. 8. Expl. Exp., and his warlike 
occupations did not prevent his remaining long enough at particular stations 
to pay close attention to the Molluscs. His forte lay in procuring shells in 
the best possible condition; and a study of them was very serviceable in 
explaining the dead shore-shells usually obtained from other sources. For- 
tunately, he was quite aware of the importance of geographical accuracy, and 
arranged those obtained at different places in separate drawers. The “ Upper 
Californian ” collections were made at Monterey, San Francisco, San Diego, 
and San Pedro; the ‘“ Lower Californian,” in the Gulf, principally at La 
Paz, partly at San Jose and Mazatlan. At the latter place he met M. 
Reigen, who had filled his house with decomposing molluscs to such an ex- 
tent as to induce the neighbours to have recourse to the police. From him he 
obtained many species not in the Brit. Mus. Cat., and probably sent to Europe 
in the Havre collection. Major Rich’s beautiful series may be consulted at 
his residence, opposite the British Legation, Washington, D.C.; and are 
designed ultimately for one of the public museums in the neighbourhood. 
The following is a list of the species :— 


Shells collected by Major Rich, from the Californian Fauna. 


Pholadidea ovoidea ! ?. Tapes staminea et vara.!?4, lacini- 
Parapholas Californica'. (The youngis| ata'®. 
very acuminate, with imbricated cups, | Petricola carditoides *. 


as in P. calva.) Rupellaria lamellifera '. 
Netastoma Darwinii '. Chama Buddiana ‘. 
Saxicava pholadis '?. Cardium Nuttalli ‘. 
Platyodon cancellatus ‘, Lucina Californica '. 
Schizotheirus Nuttalli‘. | Diplodonta orbella ‘. 
Cryptomya Californica '. Kellia Laperousii '. 
Thracia curta ’. ‘| Mytilus Californianus', edulis’, v. glome- 
Lyonsia Californica *. ratus *¢, 
Mytilimeria Nuttalli'. (Very fine, with | Septifer bifurcatus '*. 

ossicle. ) Modiola modiolus ?. 
Solen sicarius *, Lithophagus attenuatus '. 
Macheera patula '. Adula falcata '*. 
Solecurtus Californianus °*. Pecten v. equisulcatus ‘, monotimeris +. 
Sanguinolaria Nuttalli ‘. Hinnites giganteus '. 
Peammobia rubroradiata '. Placunanomia macroschisma |, 
Macoma nasuta ', secta ' 4. Bulla nebulosa ‘, 
Scrobicularia alta ‘. Katherina tunicata '. 
Semele decisa ‘. Mopalia muscosa ', Hindsii '. 
Cumingia Californica '. Nacella incessa °. 
Donax Californicus '. Acmea persona ”, pelta ?, spectrum’, aca- 
Mactra Californica '. bra ?, et var. limatula t?. 
Pachydesma crassatelloides ! *. Lottia gigantea *. 
Amiantis callosa ‘, Scurria mitra *. 
Chione succincta ‘. Fissurella ornata ‘ ?. 


1 Monterey. Fresh specimens of seven species from the southern fauna were also 
obtained at Monterey, probably from commerce. 

2 San Diego. 3 San Francisco. * Near San Pedro. 

* These species were first found by Major Rich. 
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Glyphis densiclathrata *. 
Lucapina crenulata ' (one spec. Catalina 
I 


5.). 

Halictis rufescens'*, Cracherodii |, 
Kamtschatkana ' ¢, 

Pomaulax undosus ¢, 

Trochiscus Norrisii? (and Catalina Is.). 

Calliostoma canaliculatum', annula- 
tum ', costatum '. 

Omphalius fuscescens *. 

Chlorostoma funebrale', brunneum |, 
Pfeifferi '. 

Crucibulum spinosum ?. 
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Crepidula rugosa”, adunca?, explanata ?. 
Hipponyx Pantiquatus?, Ptumens !. 
Serpulorbis squantigerus 3, 
Spiroglyphus lituella 2 *. 
Litorina planaxis '. 
Trivia Californica '. 
Conus Californicus ‘. 
Ranella Californica ‘, 
O-ivella biplicata }, bastica '. 
Purpura, vars. ostrina', emarginata '. 
Nrostoma XN uttalli‘, 

assa mendica ', ingius 1, fossata‘. ~ 
Helix, three sp. _o_ 


Shells collected by Major Rich, near La Paz (west shore of the Gulf of Cal.). 


acia) Cyathodonta plicata. 
anguinolaria miniata. 

Tellina Cumingii. 

Strigilla carnaria. 

Heterodonax bimaculatus. 

Iphigenia altior. 

nax navicula, punctato-str., rostratus. 

Standella fragilis (common). 

Mulinia angulata. 

Trigona argentina, radiata, planulata. 

Dosinia ponderosa. 

Callista concinna, chionea. 

Chione succincta, amathusia, gnidia, 
pulicaria, var. 

Anomalocardia subimbricata. 

Tapes grata, histrionica. 

Vezaria Californica. | 
hama spinosa, producta, corrugata. 

Cardium consors biangulatum. 

Liocardium elatum. 

Codakia tigerrina (two fine specimens). 

Cyrena olivacea, Mexicana. 

Anodonta glauca. 

Mytilus multiformis. 

Modiola capax. 

Arca muilticostata. 

Barbatia Reeviana, solida. 

Pectunculus giganteus. 

Pinna rugosa. 

Margaritophora fimbriata. 

Isognomon Chemnitzianum. 

Pecten ventricosus, subnodosus. 

Lima tetrica *. ° 

Janira dentata. 

Ostrea amara (Maz. Cat. 215. Is. Cres- 
tona, entrance of Gulf), Virginica 
(more pearly than the Atlantic shells, 
teste Rich). 

Anomia lampe. 

Bulimus suffiatus *, excelsus *, pallidior, 

Physa elata *, aurantia. 

Patella Mexicana. 

Acmea atrata, mesoleuca. 

Fissurella rugosa, virescens. 

Glyphis alta, inrequalis, 


Haliotis splendens (three fresh specimens 
from a resident at San Jose). 

Callopoma fluctuosum. 

Uvanilla olivacea. 

Omphalius rugosus, coronulatus. 

Nerita scabricosta, Bernhardi. 

Neritina picta. 

Crucibulum spinosum, imbricatum, pec- 
tinatum, umbrella. 

Galerus mamillaris, conicus. 

Crepidula aculeata, onyx, nivea, ungui- 
formis, arenata. 

Hipponyx Grayanus, serratus, anti- 
quatus. 

Aletes centiquadrus. 

S irogly phus lituella (on Cr. umbrella). 
urritella goniostoma, tigrina. 

Cerithium maculosum,stercus muscarum. 

Cerithidea Montagnei. 

Litorina fasciata, cons 

Modulus catenulatus, disculus. 

Cypreea exanthema. 

Aricia arabicula. 

Luponia Sowerbii, albuginosa. 

Trivia sanguinea, radians, Solandri, pus- 
tulata, Pacifica. 

Strombus granulatus, gracilior. 

Kuryta fulgurata. 

Pleurotoma funiculata, maculosa. 

Dmillia Pinermis. 

Conus puncticulatus, gladiator, purpu- 
rascens, regularis, arcuatus, nux. 

Solarium granulatum, v. quadriceps. 

Cancellaria obesa, cassidiformis, solida, 
goniostoma, Pcandida. 

Natica maroccana, zonaria. 

Polinices Recluziana, bifasciata, otis. 

Neverita patula. 

Sigaretus debilia. 

Oniscia tuberculosa. 

Levenia coarctata. 

Bezoardica abbreviata. 

Priene nodosa. 

Turbinella ceestus. 

Fasciolaria princeps. 
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Leucozonia cingulata. | Nassa luteostoma, scabriuscula, corpu- 
Mitra lens. a. Melch C Ip lenta. 

iva porphyna, Melchersi, Cumingii, rula patula. 

subangulata, | Fusus Dupetithouaraii 
Olivella tergina, gracilis, volutella (seve- | Siphonalia pallida. 

ral taken alive). Strombina (P new, deep water, San 
Agaronia testacea. Jose). 
Purpura patula, biserialis, triangularis, | Pisania sanguinolenta, insignia. 
Naat, lanospira f. wurex plicatus, recurvirostris. 

itidella cribraria. onotus nigritus, brassi rince 
_Columbella fuscata, var. bicolor. —_ “> PrmoeP® 
Conella cedo-nulli. Muricidea dubia. 


Lieut. Green having been obliged to pack up his collection and leave home 
on professional duty, I was not able to make any critical examination of it. 
Capt. Dupont also, of Delaware, was one of the “ Mbxican-war naturalists,” 
and made a large collection of La Paz shells during his campaign ; but I had 
no opportunity of seeing them. 

Dr. Gould notes the following corrections in Lieut. Green’s list, pp. 231- 
234 :— 

Semele flavicans should be flavescens. | Donax abruptus should be obesus. 

50. Kellett and Wood.—The locality-marks, on further study, display still 
greater inaccuracies. - 

Nassa Woodwardit, Fbs., Sandwich islands [is the adolescent state of a very abun- 
dant Vancouver and Californian shell,= NV. mendica, Gld.]. 

Nassa Coopert, Fbs., Sandwich Islands. [The type is immature and in poor con- 
dition ; but it is a rare Californian species, since found by Dr. Cooper. 

Trochita syirata [has not been confirmed from Gulf Cal., but appears in Brit. Mus. 
from St. Vincent, Cape Verd Is., on the excellent authority of Macgillivray, who 
did not visit the West Coast. The Cumingian specimens were from K. and W.; 
but the “ spirata, var.,” from Magellan and Peru, are simply turrited forms of 7. 
radians |. 

Chores aureotincta [=C. nigerrima (Gmel.), Mus. Cum.; but it is unlikely 
that Gmelin knew the species. It is not quoted by Desh. (Lam. ix. 157): but 
me ia tn fauce nigerrimus, Chemn. f. 1626, = 7. melanostomus, ,i8 8 

Margarita purpurata et Hilht [are South American shells]. 

Purpura analoga [is the rough irregular form of P. canaltculata=decemcostate }. 

9,  juscata, Fbs. [of which one brown and one whitish specimen (immature) 
are preserved in the Brit. Mus. as types, is the large, smooth, rather elevated var. 
of saxicola. It belongs to the Vancouver district |. 

Purpura, like decem-costatus and Freycinetit [is the normal state of saxcola. The 
banded smooth var. is named in Brit. Mus. “? Buc. striatum, Martyn, Un. 
Conch. no. 7,” but does not agree with the figure]. 

Fusus Kellettit. (This Siphonalia, after long remaining unique in the Brit. Mus. 
Col., has been twice confirmed from the San Diegan district by the Smithsonian 
collectors. Dr. Cooper's living specimen is 6:26 in. long; and one specimen 
was dredged by A. Ad. in the seas of South Japan. | 
51. Retgen.—The type collection, presented to the Brit. Mus., contains 

about 8900 specimens. The first duplicate series, containing about 6000 

shells, was presented to the State of New York at the urgent request of 

Dr. Newcomb (well known for his researches in Achatinella, made during his 

professional residence in the Sandwich Islands), and is arranged in the Albany 

Museum. Three other typical series were prepared for the Museums of 

Paris, Berlin, and St. Petersburg, and offered on the same terms, viz. that 

they should be arranged by the author, and preserved intact for the free use 

L t Dead shells at La Paz; two fresh specimens in deep water from San Jose; ditto, 

ieut. . 
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of students; hut the donations were severally declined by the respective 
governments. They have since been offered to the Museums of Harvard 
University, Cambridge, Mass.; M‘Gill University, Montreal, C. E.; and the 
Smithsonian Institution, Washington, D. C.; and accepted on the same con- 
ditions *. The writer of the Brit. Mus. Catalogue spared no pains in his 
endeavours to verify the previously described species of Prof. C. B. Adams ; 
yet a subsequent comparison of types has developed very unexpected coinci- 
dences. Those who will take the trouble to compare the two diagnoses in the 
synonyms now given will add one to the many proofs of the uncertainty of 
the senses in observation, and the inaccuracy of language in description. The 
following corrections and additions should be made to the list in the British 
Association Report, pp. 243-264. 


18. Parapholas acuminata is united to P. calva by Tryon, Mon. Phol. 

23. The specimens obtained from Madagascar by Sir E. Belcher in the Voy. Sa- 
marang appear absolutely identical. 

cola robusta. The West Indian form of this species is the Choristodon 
typicum ree: Mus. Cum. ale. Val. 

. Sphena és is aps S. ludtscola, 

Sawin politus P Pe. Carpenters, Dkr. 

. Should be Semele flavescens, Gid. 

Semele Prvenusta should be S. bicolor, C. B. Ad. Panama. C. 8. Lucas. 

Should be inolaria miniata, Gid., as in first Report. 

Should be Tellsna purpurea, Brod. & Sby., teste type in Mus. Hanl. 

= T. pura, Gld., nom. prior. 

Quite distinct from Tellina alternata, Say. 

Tellina Peburnea proves to be the type of a new generic form, probably 
belonging to Keliada, viz. Cycladella papyracea. <A perfect specimen, since 
found, is in Mr. Hanley’s collection. 

65. Tellidora Burnet: is not L. cristata: v. anted, p. 528. 

66. =Strigilla fucata, Gld. (not mtntata). Specimens received from different 
stations on the Pacific Coast vary very greatly in colour and markings, 

68. The fragment of ‘“?? Psammobia” is perhaps part of a Lepas-valve. 

71 and 72. The names of these shells have been altered and re-altered in Mus. 
Cuming, as will be seen by comparing Brit. Mus. Maz. Cat., p. 43, with the 
note, p. 548, and with the present arrangement. Mr. Hanley states that 
no. 72, D. culminatus, Cpr., is his true carinatus; therefore 71, D. carinatus, 
Cpr., and of most collections, must stand as D.rostratus, C. B. Ad., teste type- 
valve in Mus. Amherst. The two species uniformly retain their dis- 
tinctive characters. 

78. Should be Mactrella exoleta= Indraria ventricosa, Gid., from type. 

81. Should be Gnathodon mendicus, Gld. 

838. 7. Hinds is distinct, teste Hanl. 

85. T. argentata, Sby., 1835,= 7. equilatera, Desh., 1839. 

92-99. The generic name should be Calkista. 


SFESSESES & 


* A few of the duplicate sets having been sent in exchange to one of the principal 
scientific dealers, he advertises a list of species in which he not merely alters the nomen- 
clature, giving “‘ Monoceros” cingulatum, “ Pollia” insignis (with “ Pisania” gemmata), 
* Trochus” olivaceus (with “‘ Imperator” wiguts), “ Cerithium” montagui (for Cerithidea 
Montagnei), Cytherea “dione” (for Dione lupinaria), “ Astarte” Dunkeri, “ Cytherea” 
Columbiensis, &c., but inserts Californian species (“ Ziciphinus filosus,” “ Cardium 
Natali”) as though from the Gulf, and adds others not known at all in the West Coast 
faunas, as “ Columbelia laevigata,” “ Patella plumbea,” and “ Chiton reticulata.” All 
these, with such shells as Oliva Cumingii, which belong to other regions on the Mexi- 
can coast, would be accredited by the reader on the supposed authority of “ Carpenter's 
Catalogue.” In these times it appears that naturaliste must be content to resemble the 
dealers in patent medicines, and guard the accuracy of their works! With regard to the 
Mazatlan collections (now scarce), none can be trusted unless they present an wabroken 
seal, with the initials of the author. 
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98. Calista aiternata has a vory different aspect from the ordi C. circinata ; but 

several of the Pacific shells affiliate more naturally to the West Indian form. 
99. C. affinis, C. tortuosa, and C. concinna appear to be one species. 

100, Sir E. Belcher is confident that he dredged C. petechiuks, in deep water, off S. 
Blas. He has the same confidence in regard to some of the East Indian 
Circes. At this distance of time, a written locality-ticket would have had 
more authority. 

105. The hinge proves that this species is distinct from the true V. crenifera, Sby. 
It has been named V. sugillata by Rve., Conch. Ic. sp. 43. It” was also 
brought by Kellett and Wood, and is allied to V. pulicaria. 

110, Among the Panama varieties of this very variable species is Venus . 
T. grata takes the place of the Californian 7. staminea, which is sometimes 
erroneously given as 8 synonym, and is not straminea, as often quoted. 

116. It appears that Goukita (Thetis, C. B. Ad., olim, non Sby. nec H. & A. Ad.) is 
congeneric with “ Circe” minima, not with the Astartids. Prof. Adams’s 
fresh specimens of his G'. Pacifica prove to have the Crassatelloid internal 
ligament, and represent one of the many remarkable forms of that group. 

117, Fresh specimens of G. vartans, from Cape St. Lucas, have also the internal 
ligament, and must rank under CrassateNa until that genus has been naturally 

ivi 

118, Lazaria Californica. A well-marked group of species from the West Coast. 

121. The purple and orange specimens, here treated as the adolescent state of Chama 
Mexicana, are certainly the Ch. echinata of collections, and may possibly 
prove a distinct species. A large series sent from Socoro Is. by Mr. Xantus 
confirms this view ; but all the specimens seen are decorticated or incrusted. 

1218. This is the Chama Buddiana of C. B. Ad., and probably distinct. 

134, The specimens of Cardium graniferum in Mus. Cum., from St. Thomas, W.I.,, 
appear exactly identical. 

136. The specimens from the Pacific coast, some of which are of very lange size, 
have generally a red tinge round the inner margin; as have also the Fiji 
specimens brought by the U. S. Expl. Exp. In other respects they exactly 
accord with the W: Indian. The Pacific shells are generally called C. 
exasperata, Rve., a name first given to the rough Caribbean variety from 
Honduras, &c. : 

137. Codakia punctata. This shell also, brought by the U. 8S. Expl. Exp. from the 
Fil Is., is found sparingly along the American shores, and has the same 
coloured margin. 

142. May possibly prove identical with Z. bella, Conr., S. Diego. 

150. The Facing orbella of Gould, = Spherella tumida, Conr., is., is the northern 
form; uniformly larger and smoother than Diplodonta semiaspera, This 
last is fully confirmed from both oceans. 

152. “ Felania” serricata appears congeneric with Matha, H. & A. Ad., = Mittrea, 
Gray, the type of which (1. Childrent) is a Gulf species. 

154. Lasea rubra. Mr. J. G. Jeffreys does not consider the Brit. Mus. specimen 
identical with the British. The Mediterranean specimens are much more 
unlike. A colony of fresh shells from a burrow at Cape St. Lucas, when 
examined, under the microscope, side by side with Ilfracombe specimens, did 
not present even varietal differences. The species also appears on the Cali- 
fornian and Japan coasts. Similar and perhaps conspecific forms are 
found on most coasts: among them is Poronta Petitiana, Chen. Conch. DL 
p. 2, pl. 1. f. 2; Callao, not rare, Petz. . 

156, For this species, corbuloides, and other angular forms, the name Borma may 
be revived in a restricted sense. (A. Ad.) 

157, 158. Mr. A. Adams, who is about to make the Kelliads a special study, thinks 
that these intermediate forms would rank better with Montacuta or Tellsmya. 

166. This is almost certainly = Anodonta glauca, Val. 

168. Dr. Dunker renamed this shell M. Adamsanus, P. Z.S. Nov. 1856. 

177. The subgenus Adda may be enlarged to include this and other n-stling 
P Lathophagi, which often adhere by byssus, like Modtola. 

Liosolenus is quite distinct from Mytsimeria, which appears simply an aber- 
rant form of Zyonsia. Other “ Lsthophagi"’ probably rank with it. 
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180, Arca senilis is from W. Africa(not “E. Indica”): one of the many representative 
specics betwecn the two West Conats. 

185. Noxtia reversa, Gray. 

133, Argina brevifrons, Sby. 

188. This is the young of Barbatia atlternata. 

191-195 belong to the group Barbatia. 

193. = Barbatia Tabogensis, from type. 

203, The young of this shell is Avicula libella, Rve. Dr. Gould protests against 
some of the interpretations here given to his views, 

24. The W. American pearl-oyster should stand as Af. fimbriuta, Dkr. It has 
been redeacribed as M. barbata, Rve. 

212. Dr. Gould protests against the Pacific shells being regarded as O. Verginica. 
Mr. Hanley adheres to his original opinion. “oasils sent from tho Sand- 
wich Is. by Mr. Pease (O. Sandwichensis, Pee.) appear scarcely to differ. 

214). The O. palmula appears a distinct species. 

215. This species is identical with O. no. 384 of C. B. Ad. It may take the name 
of O. amara from its “ bitter flavour.”’ 

224, Bulla Adamsi=B. punctulata, C. B. Ad., non A. Ad. 

220. Haminea cymbifornas is cloacly allied to H. virescens, Sby. 

239. Siphonaria lecanum. S&S. maura, Sby., is one of the varieties of this ies, 
The S. palmata may prove distinct. S. ferruginea, Rve., is probably de- 
scribed from the intermediate form. , 

242, Lanthina striduta. Name given in ignorance of strivlata, Ad. and Rve.; and 
not needed, teste Rve. 

215. The Dentalium hyalinum of Phil. is probably the young of D. semipolitum : 
this species is distinct. 

247, The Dent. pretiosum of Nutt. is a northern species ; this is most likely D. lae- 


teum, Phil. 

218-259. This typical group of Chitonide retains the Linnean name in Dr. Gray’s 
arrangement; and as ho firat pointed out the generic distinctions in the 
family, his judgment is to be preferred. 

252-254, 256. These species belong to Ischnochtton, Gray. 

255. Lepidopleurus, Risso, has sculptured valves and scaly margin, and is probably 
eynonymous with Lophyrus, H. and A. Ad. The name may be retained for 
the “ Lophyroid ” Ischnochiton here described, the peculiarities of which have 
been confirmed by adult specimens in Mus, Cuming, and by other species. 

257. Chiton, I. and A. Ad. = Acanthopleura (Guild), Gray. 

202. = Nacella peltoides, n. 8. (described from Cape St. Lucas specimens). 

263. The true Lottia pintadina of Gld. (teste figured types) consists entirely of 
varieties of A. patina. 

265. The “ large flat shell” referred-to is Tecturella grandis, Gray, Brit. Assoc. Rep 
1861, p. 137. Tecturella is preoccupied by Stimps. Gr. Manan Invert. It 
being needful to divide the old genus Acmea, a may be used for this 
section. By reviving synonyms as sectional names, when a genus is divided, 
good names may be retained in a restricted sense, and the burden of a spu- 
rious nomenclature lessened. The species is Lottia gigantea (Shy. Gen). 

269. Scutellina navicelloides, Cpr.,= Crepidula osculans, C. B. Ad. 

280. This should stand as Gadinia , Sby., that name having been given to 
the normal form, Rep. pl. 7. f. 3a, of which pentegontostoma, f. 3f, is only 
an accidental variety. 

282. C Fokkesii=tessellatum, Rve., is the Lower Californian form, and 
probably distinct. 

2835. = Turbo phasianella, C. B. Ad., non Melara hasianella, Phil. 

289, The first name is 7. eximius, Rve., P. Z. S. 1842, p. 185; Mke.’s shell bearin 
date 1850. It appears identical with “Javanicus, Lam.,” in Mus. Cum., an 
is extremely like “ spectosus, Japan.” Trochus being now generally retained 
for the Niloticus group, which contains the largest forms, it is best to revive 
Swainson’s excellent name Calkostoma for the “ Ziziphinus "group. A specific 
name should not be used for a genus, where a distinctive name hes already 

ses accurately described. 2 
° x 
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200. Calliostoma M‘Andrea is the normal state, of which C. Leanum is the pale 
variety. ; 

292. Mr. Pease considers that 7. Byronianus represents a Polydonta from the Pacific 
slands, 


313-316. The non-pearly Lsotia are Comradia, A. Ad. ; 
322, 323. Mr. A. Adams thinks that the “ Ethaka” amplectans Probably the 
oung of “ Teinostoma”’ a., as suggested in Brit. Mus. Cat. p. 253. 

S88. Crepidula adunca, Cpr. (non Sby.,=solida, Hds.,=roetriformis, Gld.). The 
tropical shell is C. uneata, Mke.,=C, rostrata, C. B. Ad., Rve. 

341. Should stand as C. squama: v. note on C. B. Ad. no. 351. 

354. Vermetus eburneus, Rve.,= V. Pglomeratus, C. B. Ad., non Lam. The note to 
Caecum, Brit. Mus. Cat. p. 314, should read :—“ Of a fourth group, Meioceras, 
three species are known from the Caribbean Sea, one of which is fossil at 
Grignon. The earliest Cecid is the Eocene genus Strebloceras.” Vede 
Mon. Ceecidsy in P. Z. S. 1858, pp. 413-444. ; _ 

387. Ceritheum trroratum, Gld. (teste sp. in Mus. Smiths.), is a very distinct 
East Indian species, = C. obesum, Sby. sen. 

388. This is not the C. interruptum of C. B. Ad., Sby., and Mus. Cum. (Aodie), 
which latter is the roughened form of C. stereus muscarum, Val. C. Galla- 

ts is the ro orm of C. wnterruptum, Me. 

389. y should be changed into Rhinoclavs, Swains.; v. note to 289. 

891-383. The genus 7riforts should be removed to Cerithiopnde. The true 
“ Triforss” infrequene of C. B. Ad. is a dextral shell, = Certthiopss tuber- 

des, no. 557. The shell here doubtfully affiliated is probably a variety 


of T. “3. . 

$98. Lntorina Phihppi=L. Pparvula, C. B. Ad., non Phil.,=Z. dubioea, C. B. Ad., 
nom. prov. 

390. = Litorina pullata, Cpr. ; described from Cape St, Lucas imens. 

400. Probably= Rissoina C. B. Ad.,+- 2. scalariformis, C. B. Ad. 


411. “Not a Barleeta,” teste Jeffr. MS. It seems, however, too closely allied to 
B. rubra to create a fresh genus for it, unless the animal should display differ- 


ences, 
412, 413. Belong to Fenella, A. Ad.® F. excurvata=P? Rissoa inconspicua, C. B. Ad., 
non Alder. 
417. Fresh specimens prove this to be not a dead Hydrokia ulve, but a Barleeta. 
418 sot appears on the qatifornian coast, as B. aubtenset. of A Ad 
. very similar, and possibly conspecific forms of Cythna 
499) Is a Gemella, weste A. Ad. y 
426, 427. Belong to Styléferina, A. Ad. 
430 et seq. Some of these forms may rank with Gottoia, A. Ad., and thus approach 


rus. 

437. Iuponia epurca. This shell is quite distinct from Z. albuginosa, to which it 
was suppoted to belo by Dr. Newcomb. It is probably a ballast specimen. 

438. Quite distinct from the Panamic A. data. 

445, 446. Cancellariade should be removed to Proboseids: teste A. Ad. 

450-452, Mr. Reeve unites all these species, with several others, to M. variegata; 
which is certainly the easiest way of meeting the difficulty. 

453. Myurella rufocinerea= T. rudis, Gray, teste Rve. 

477. Conus regalitatis= C. rascens, var. Most Cones vary in the same manner. 

484. Torinia variegata. Mtr. ey restores to this shell the uncomfortable name 
of Chemn. (perspectiviuncula), and unites to it areola, Desh. A careful com- 
parison with shells from the Pacific Islands (teste Pease’s specimens) proves 
them to be completely identical. The “specific” names of Chemn., when 
simply the second word of the diagnosis, can hardly claim precedence. 

. The genera in this family have lately been revised by Mr. A. Adams. A 

large number of his Japanese groups are here represented. This species 


* The generic names here given were assigned by Mr. A, Adams, who kindly examined 
the figures of the minute Mazatlan shells, all of which have been drawn under the micro- 
scope. . . 
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es with Pyramidella, sp. ind., C. B. Ad., no. 208 (not 204), and may be 
cuoted as Obetious Adames, ( » y 


492, The peculiar appearance of the apex is due to decollation, as proved by the 
discovery of an adolescent and several adult specimens. it robably belongs 
to Drala, A. Ad., and=Cingula paupercula, C. B. Ad., no. B53. 

498-500. Belong to Miralda, A. Ad. Parthenia quinquecinctazz? Cingula territa, 
C. B. Ad.,+ Rissoa notaliis, C. B. Ad. 

501, 502. Belong toOsctlla, A. Ad. Parthenia exarata=? Cingula terebellum, 0. B. Ad. 

508-506. The “Odostomoid Cirysallide” probably rank beat with Mumsola, A. Ad. 

512. Chrysalida ovulum=f Cingula inconapicua, CO. B. Ad. ; non P.Rissoa tnconspicua, 

18-515, Are Pyrged na; texte A. Ad. The J h 

5 5. guisna, teste A. e Japanese species, however, seem more 

like Parthenia, no. 497. °vepmene &P , 


517. Is a Styloptygma, A. Ad. 

520. This is not the Chemnitsia similis of C. B. Ad.; and is probably a variety of 

523. = Chemnitua s, C. B. Ad., pars: pars= Ch, undata, no. 581. 

535. Is perhaps a Mormula, A. Ad. 

645. The various shells grouped under Ackis require revision. Comp. Onoba, A.Ad., 
and Féala, Gray, which is figured as Acks in Add. Gen. 

549. Ranks best with Kudimella. | 

550. This is not Letostraca recta, C. B. Ad., and may be called Mucronaka invokda. 

551. This is not L. solitaria, C. B. Ad., and may be called Z. producta. 

552. = Mucronalia soiitaria, C. B. Ad. 

558. Ranks best with Fulima, teste A. Ad. 

555. L. retexa; distinct from L. tofu, C. B. Ad. 

556. Should be Zudima, teste A. Ad. 

567. Vide note to 893. 

563. Belongs to the subgenus Seila, A. Ad. 

568. Scalaria raricosta is erhaps t e young of S. Elenensts. 

568. & oeiniculata and S. di , with their congeners, should be removed from 

rsotrema to Opalia 


570. Dr. Gould dissents from the affiliation of this shell to the West African species 
on the ground that “he can separate the African from the Pacific shells as fast 
as we can hand them to him.” So easily can any ordinary naturalist separate 
conspecific British and Mediterranean specimens, or Mazatlan and Panama 

mens. Itis not found in the West Temperate fauna; the “var. Cah- 
ornica”’ being the ordinary type from the Pacific Islands, which is much 
more entitled to be regarded as distinct than are the West American forms. 

572. Is shown by perfect Cape St. Lucas specimens to belong to a natural group 
of species, resembling flattened, perforated Phasianella, to which the name 
Eucosmia may be given. 


580. Appears under genus “ Zagena, Klein,” * in Mus. Cuming; the Argobuccina 
v ncellatur, Oregonense, &c.., having received a new name, Priene, H. & A.Ad. 
589. This belongs to Closia, Gray, = Volutella, Swains., non D’Orb. 


® The names of Klein in his ‘Tentamen’ and ‘ Lucubratiuncula,’ 1778, are not entitled 
to precedence (according to the Brit. Assoc. rules), because he evidently did not adopt the 
Linnean mode of binomial nomenclature. What he calls a ‘“‘ genus” answers more to the 
modern idea of chapter or section. By chance, some of his names are allowable; but, if 
used, the genus must be regarded as that of Adams, Gray, Mirch, or other writer who 
defines it. The following will serve as illustrations of Klein’s ‘ genera”—" Sol, Luna, 
Stella, &.; Aris, Anas, Tigris, Pes-anserinus, Tuba-phonurgica, Cochlea-lunaris, 
Cochlea-calata, &.; Buccinum-lacerwn, Buccinum-muricatum, Thema-masicum, &e. ; 
unbri Ostrewn-muricatum, &0.; Musculus-latus, Musculus-mammarins, 

&c.; Tellina-arcinata, Tellina-virgata, &c.; Concha-longa-biforis, Concha-longa-untforis; 
Concha-rpd\oBoe;" and, in p. 167, “ Muscu lylepto-ginglymus,” under which re- 
markable generic name is given as the first species “‘ Arca-Noaw.” According to the now 
fashionable transformation of malacological nomenclature into a branch of archeological 
research, under pretence of justice to ancient writers, the hitherto universe, understood 

N 
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502. Oliva intertincta is very clo3e to the young of O. subangulata, but differs in the 
chestnut stain on the columella. I have not been able to compare it with 
the young of O. Cumingii. 

604, Is an abundant species in the Eastern Islands, occasionally seen in West 
Coast collections. 

505. Belongs to Anazola, Gray. The remaining Mazatlan species of Ofelia are 
now called Olictna, Gray. 

698. Olicella aureocincta= Olica pellucida, C. B. Ad, non Rve. 

699. Olivella inconspicua, C. B. Ad., is probably the young of the colourless var. of 
O. gracilis, which mu-t be excluded from the synonymy of O. dama, no. 600. 

606. The figure of Purpura biserialis, jun., Brit. Mus. tablet 2232, is stated by Mr. 
A. Ad. to represent the genus Sinusigera, D'Orb., = Chelitropis, Fa. ; just as 
Macyillivrayia is the young of Dolium. 

611. Rhizochetlus nur+ R. distans, Cpr. 

612. The young of Vitularia salebrosa is named Fuses lamellosus, Hds., in Brit. Mus, 
and is also the “ Ranella triquetra” of Nuttall’s co!lection. 

618. Is probably C. baccata, Gask., in Mus. Cum., though Mr. Gaskoin regarded it 
asnew. The var. obsoleta, 618), is probably C. galarias, Rve. 

619-622. These shells may perhaps be better studied under 

631. Certainly = N. gemmulosa, C. B. Ad. 

833. Nassa crebristriata may rank as a var. under prozima, C. B. Ad., which is pro- 
bably itself a var. of versicolor. 

639. This sberrant group of forms is now transferred to Cuntharus in Mus, Cuming. 
Perhaps they rank better with Siphonalia, A. Ad. 

653. Anachis rufotincta (“ new,” teste Gaskoin) is probably = Col. diminuta, C. B. 
Ad., in Mus. Cum., but scarcely agrees with the diagnosis, nor was the s¢- 
cordance noticed in the Amherst types. 

659. =P. elegans, Gray, in Griff. Cuv. pl. 25. f.2. (1834) 

The following species, since found, must be added to the catalogne of the 
Reigen Collection. The specimens are deposited in the British Museum. 
The descriptions of nos. 693-695 appear in the appendix to the Brit. Mus. 
Cat.; the remainder are ready for the press. 


k. 
707. Dactylinas=C. B, Ad., Pan. no, 616. Obtained from M. Reigen, at Mazatlan, 
y 
608. Lyonsia, sp. ind., 1 sp. 
Fy iy 
708. PMontacuta obtusa, n. 2.,2 sp. Congeneric with 157, 158. 
. Scissurella rimuloides, n. 8., 1 sp. 


701. ? Vitrinella, sp. ind., fragment. 
702, Mangelia sulcata, n. 8., 1 sp. 


——— 


designations of Lamarck, &c., must give way to such names as the above; and if sone 
other ‘Attempt’ or ‘Little Lucubration’ of o year’s earlier date should be disin 
from now-fortunate concealment, the most modern ‘Guides’ and ‘Books of Geners’ will have 
to be re-written. Klein's idea of Argobuccinnm appears to lave been that of a “ Spotted 
Whelk,” probably Ranella argue. -Argobuccinum, H. and A. Ad., may stand as defined 
their ‘ Genera’ for the thin ventricose ‘I'ritons. They have, however, divided the species 
between Priene and Lagena. 
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Dr. Jay, and part to Mr. Stainforth. The specimens in Mus. Cum. were re- 
ceived from Dr. Jay; those in Mus. Hanley from Mr. Stainforth. In the 
third edition of Dr. Jay’s Catalogue, 1839, appear the following species which 
have not been identified, and localitics not confirmed. 


14. Tellina rosea, Lam. California. [Perhaps Sanguinolarnia miniata. | 
33. Pecten tumedus, Brod. Upper California. 


37. Chitun incarnatus, Nutt. ” 
» Chiton textiks, Conr. ” 
38. Patella plicata, Nutt. ” 
40, Fissurella pica, Nutt. ” 
41. Crendda squamosa, Brod. ” 
3 Bulla Californica, Nutt. ” 


68. Natica variolarts. California. 
10. Trochus Calsfornicus, Nutt. Upper California. 
72. Monodonta fusca, Nutt. 


73. Marmorostoma ra, Nutt. ” 
» Liturina vostoma, Nutt. ” 
» Lstorina macidata, Nutt. ” 
79. Melongena occidentalis, Nutt. ” 
80. Afurer sexcostatus, Brug. - 
86. Monoceros plumbeum, Kien. ” 
87. Buccinum Boysii, Nutt. ” 


54. C. B. Adams.—After arranging the duplicate Reigen Collection in the 
State Muscum at Albany, New York, I procceded to Amherst, Mass., to 
study the type-collection from which Prof. Adams’s book was written. The 
result is embodied in a “ Review of Prof. C. B. Adams’s ‘ Catalogue of the 
Shells of Panama,’ from the Type Specimens,” written for the Zool. Soc. in 
Jan., and published in the Proceedings for July 1863, pp. 339-369. In this 
paper the synonymy between the Mazatlan and Panama Catalogues is pointed 
out, and the species assigned to the modern genera. The following are the 
principal corrections needed in the list, Rep. pp. 267-280. The resultsi n 
the succeeding paragraphs, pp. 280, 281, should be altered accordingly. 
(M.=Brit. Mus. Maz. Cat.) 


3. Ovula neglecta=arena, var. 
8. Cyprea punctulata; quite distinct from C. arabicula. 
11. Cyprea rubescens, C. B, Ad.,=T. sanguinea, dead. 
16. Marginella sapotilla, C. B. Ad., is perhaps a large form of sapoéslla, Hds. It 
is destitute of the sharp posterior tabral angle seen in the West Indian 
cimens of c@rulescens. 
33. Oltva araneosa, C. B. Ad.,=O. Melchersi, M. 591. 
35. Oliva pellucida, C. B. Ad.,=O. aureocincta, M. 598, dead. 
40. Oliva venulata, C. B. Ad., =O. angulata, jun. 
43. Nassa canescens=dead sp. of N. pagodus. 
50. Nassa pagodus, C. B. Ad. =decussata, Kien. [{ P non. Lam. ]=acuda, M. 625. 
51. Nassa Panamensis has the operculum of Phos and Northia,=erilis, Pws. 
52, Nassa proxima + 54 N. striata, C. B. Ad. [non Mus. Cum. = N. paupera, Gld.], 
ned crebristriata, M. 638, are probably vars. of N. versicolor. 
53. Nassa scabriuscula, C. B. Ad., +00 N. Wilsont= N. complanata, Pwa. 
70. Purpura foveolata, probably = worn sp. of Cuma costata, M. 610. 
74. Purpura osculans-+ Rh. Californicus+ Rh. distans, are probably vars. of Rhizo- 
us nur. 
81. Columbella costellata, C. B. Ad.,=Anachis scalarina, Sby. 
98. Columbella parva, C. B. Ad.,=dead sp. of Anachts pygmea. 
103. Colembella tessellata, C. B. Ad. (non tlask.),—= 4. uatemalensis, Rve. 
110, Cassis abbreviata can scarcely be distinguished, in some of its many varieties, 
from the Texan Bezoardica inflata. 
154. Cancellaria affints scarcely differs from C. urceolata, M. 445. 
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160, Cancellaria pygmea= C. goniostoma, jun no 157, = M. 446, 
169. Pleurotoma discors, C. B. Ad, is pro 


aterrima. 
182. Pigurotoma rustica, C. B, Ad.,=worn specimens of D. Melchersi, no. 164. 
191. Mangeka neglecta, probably = If acuticostata, M. 478. 


194, 195, 201 belong to Cers 

196. Cerithium Jamelicum must stand for the West Coast Uncinoids, M. 383 ; the 
Cumingian shell, and two out of ten in the type-series, belong to C. me- 
dioleve, M. 382. 

198, 199, 200 are various forms of C. stercus muscarum, Val.; quite distinct from 
C. interruptum, Mke., and C. trroratum, Gid. 

203. Does not correspond with the diagnosis, and must stand as Chrysaliida pau- 
percula, a very distinct species. 

208. Is scarcely a variety of iforts alternatus, no. 207. 

209, Both the specimens are dextral,= Cerithtopets tuberculoides, M. 557. 

210. Turritela Bankstt, C. B. Ad. (non Rve.) = T. Gomiosiome, jun, M. 379. 

217, A dead, stunted specimen of Caecum undatum, 


220. Chemniteia acuminata ia a very broad but ne ies ; not sallida, 
221. Chemnitzia affinis, Mus. Cum. and M. 523, cient correspondence with 
the Osis ; but the = Ch. undata, M 


222, Chemnitzia clathratula. ‘The type-series contains Chrysalida clathratula, 
M. 518 and Meer Chr. communis + Chr. effusa, M. 610 + Dunkeria 

228. Chemnitzia communis, the type of Chrysallida, M. 507, Cpr. (vix A. Ad.). 
The type-series also contains Chr. effusa+ Chr. telescopium, M. 508, + Dun- 
keria subangulata, +Pdo. var. 

225. Chemniteia major ranks with Dunkeria. 

227. Chemniteia Panamensis contains also Ch. Adams, M. 519,+- Ch. ? graciliima, 


M. 580. 

228, Chemnitzia similis, like aculeus; differa from Ch. Petits, M. 520, which per 
haps= Panamensts, var. 

280. Chemnitaa turrita=251, “ Rissoa, sp. ind.” 

281, 285, 287, 288. These species of “ ? torina” belong to Fossarus. 

988, Litorina atrata+ (adult) 257, PAdeorbis aljecta, are the same (variable) species 
of Fossarina, A. Ad. 

289. Lntorina parvula, C. B. Ad. (zon Phil.), =. Philippi, M. 398. 

244, pRisod inconapinds CB. R. scahformiu= Rissowma, sp. M. 409. 

248, PRissoa i .B, Ad. (non, Ald), does not accord with the diagnosis, 

4. 


281. Vitrinella minuta. The origin: al type accords better with Evhaka. 

266. Vitrinella regularis is also en J an 

269. Vitrinella valuatoides. Probably an Ethaka. 

270, 271. Are apparently vars. of Solarium granulatum. 

272. May be distin ed as Jorinia rotundata, from its great superficial resem- 
blance to Hekx rotundata. 

275. Trochus Leanus is a pale var. of Calliostoma M' Andree. 

276. Trochus ima can scarcely be distinguished from C. Antonit, Mus. Cum. 

din the Ja an eens b Mr. A. Adama. 

277. Trochus lividus, C. odulus disculus, M. 403. 

280.- Trochus reticulata Orp ohakua viridis M. 292. 

281. Turbo Buschs, C. B, Ad, ee Uvanilla inermis, M. 287, = 7. variegatus, Gray, MS. 
in Brit, Mus. The true U. Buschst is coloured outside like U. Civaert, but 
with a white base like U. inermis. St. Elena, Hds. in Brit. Mus. 

282. Turbo phasianella, 0. B. Ad., is probably the perfect form of Phasianella, Pvat- 
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ériviata, M. 2833. Ita operculum it to be a true Phasianelia, and 
not Melaraphe phasianella, Phil., of Add. Gen. 
283, Turbo rutilus, the worn remains of what perhaps was once Pomaulaz undoeus, 
brought in ballast Opaliny Lower California. 


280 Sealarva, C, funteulata, jun., M. 569, 
mma { Pniotraen) io sota appears distinct from L. retexta, M. 565, 


ay Bulina Macros solitarta= Letvostraca, sp. a, M. 552. . 

298. , 8 kiscus Adams, M. 

206. atica lurida, ”B. Ad,= ale var. of N. maroccana. 

297, Natiea fo otse, C. B. Ad. (non. r. and Sby.), = Polsnsces “‘ Salangonensis,” C. B. Ad., 


209. Nation Souleytian, C. B. Ad., closely resembles N. maroccana, with larger 
umbilicus 

300. Natica virginea, C. B, Ad.,-+302, N., ap. ind. 6,=Polinices uber, M. 576, 

801. Natica, sp. a, = maroccana, var. uns fasciata. 

316. pith rancaelic dubion i is robebl a paludinella. 

$22, Bulla, sp.= Tornatina carinata, M. “295, 

$23. Vermetus Pglomeratus, C. B. Ad.,= V. eburneus, Rve., M. 354. 

824. Vermetus anamensis, C. B. Ad.,= Aletes centiquadrus, M. 362. 

825. Stomatella inflata is a Lamellarsa. 

328. Hipponyz Psubrufa, C. B. Ad.,=.H. Grayanus, jun., M. 350,+Pbarbatus, jun. 

327. Hipponyz Pbarbata, C. B. Ad. The type-series contains H. barbatus, M. ue, 
+H. Gr anus-+ Discina Cuming, M. 14 (valve). 

330. C aa ans is a valve of Anomia. 

831. 2a aspersa= Galerus conicus, broken, worn, and young; one sp. may be 
mamilarts, G 

333. C @a conica. Moat of the s ens are mamiilarse, = 340, Gr 
tae, but a few may be the ran conicus, worn, M. 382. aan 

338, Calyptrea planulata is a young fi fist C. ; C. cepacen. 

342. Calyptrea PPungus, OC. B. Ad.,= aim spinocum, 

343. Crepidula cerithicola= C-. ony, jun, M. 340 tC incurva. >, jun, M. 339. 

$49. Crepidula squama. Some of the young shells belong to my onyx; one perhaps 
to C. wncurva. 

350. Crepidule a, unigesformis. Some of the specimens belong to this species ; others 


351. Chopidule nh nivea, The specimens are small, poor, and rough, of the var. 
striolata, passing into ons. Perha pi therefor the first’ name squama 
should be retained for the species (nos. 349, 350, part, and 351), leaving 
striolata and Lessons for the vars. 

$52. Crepidula osculans belongs to another order, = Scutellina navicelloides, M. 269. 

353. Crepidula rostrata, C. B. Ad., Rve.,=C. uncata, Mke., M. 338; and is perhaps 
distinct from C. ‘adunca, Shy., =solida, Hds., =rostry ormts, Gid. 

357. Fissurella microtrema. Dead shells, of which . rugosa, var. M. 273. 

$58. Fissurella mus. Intermediate between G is inaqualis, M. 279, and var. 


361. Fesurella virescens, Intermediate between F. v., M. 271, and F. ngropunctata, 
no. 859. 

886. Siphonaria P C.B. Ad. Young dead limpets [P.demes]. 

867. Lotta Patina C. CG. B. Ad. [mon Esch. }, may stand, until more specimens have 
been collated, as demea (Pfloccata, var.) 

368. Lotta, sp. ind. a, may be quoted ae dons (Pfloceata, var.) subrotundata. 

368. Lottia, sp. ind. b, may rank, for the present, as Acmaa (Pvespertina, var.) 


vernicosa. 
371. ? Patella, sp. ind., resembles. P. ata, but may be an Acmea. 
372-376. There was no oppo ot deezting the Amherst Chitons ; but amo 


the remaining dup the collection (all of which were obtained an 
brought to land) wars > the following :— 
373. Chiton’ dispar, d. ¢ non Sby.), including Lepidopleurus Adama: and 


var. and Z. semanas 
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375. Chiton pulchellus, alony with Iechnocktion Elenensis, and ?var. expressus. 

376. Chiten Stokestt. Sent as C. patulus by Mr. Cuming. 

377-879. Probably vars. of Anomia tenuis (non lampe). . ; 

380, 381. Ostrea, sp. ind. a and 6, a peculiar corrugated species, which may stand 
as O. Panamensis. ; 

382. Ostrea, sp. ind. c, resembles O. rufa, Gld., MS. (not Lam. in Deleas.), not 
Columinensis. _ 

383, Ostrca, sp. ind. d, more like the Gulf Mex. shells than O. Virgintca, M. 212. 

384. Ostrea, ep. ind. e, may stand as O. amara. The “small var.” is O. concha- 

jula, M. 214. 

386. Sondylus, sp.,= Phicatula penicillata, M. 210. ; ; 

393, 394. Perna, sp. a, b,= TI. Chemnitcianum. The Jamaica conspecific shells are 
Inbelled “ bicolor, Ad.” 

396, Pinna tuberculosa, C. B. Ad., probably= P. maura, jun. _ 

398. Lithodomus, sp., includes L. aristatus, M. 176, L. attenuatus, M. 178, and 
L. Pplumula, jun., M. 175. ; 

809. Modiola semifusca, C. B. Ad.,= M. Braziliensis, M. 171. More like the Atlantic 
shells than are those from Gulf Cal. A specimen, undoubtedly from N. 
Zealand, is pronounced conspecific by Mr. Cuming. ; 

400-404. Modtola, sp. ind , contains M. capaz, M. 170, Sfyt. multiformis { = Adam- 
sianus, Dkr.], M. 168, several vars., and Adula cinnamomea, var. M. 177. 

405. Cham 3 tuna (in poor condition)=Ch. (?frondosa, var.) formicata, 

. 121 4. 

406. Chama Peorrugata, small valve; large one P= Ch, Mezicana, reversed. 

407. Chama echinata, C. B. Ad., ?= Mexicana, jun.,-+ Buddiana, jun. 

414. Arca Paviculoides, C. B. Ad., appears a young Scapharca. 

419. Arca pholadiformis = Barbatia gradata, var. 

422. Arca similis, scarcely a variety of A. tuberculosa, no. 425. 

432. Cardium planicostatum, C. B. Ad., may be a worn valve of Henncardia bian- 
gulata, but more resembies a ballast specimen of the W. Indian H. media. 

435. Venus Pamuthusta, C. B, Ad., = Anomalocardta sulimbricata, M. 118. 

436. Venus discors= Tapes grata, M. 110, var.,+ 7. histrionica, M. 109. 

442. Venus, ep. b,= Chrone sugillata, Rve. (=?crenifera, M. 106). 

460. Gouldia Pacifica, M. 118, docs not belong to the Professer's genus, but is a 
form of Crassatella. 

451. Cyrena maritima. “The discovery of Cyrene in brackish water is a fact of 
some importance to reologists, which was duly appreciated by D'Orb,” (T. 
Prime, in Ann. Lyc. N. Y. 1861, p. 314. 

457. Donaz rostratus, C. B. Ad. (non Gld., MS., and from it Cpr. in M. Appendix, 
p. 549), teste tvpe-valve=D. carinatus, Mus. Cum. oli, and from it NM. 71; 
non J . carinatus, Mus. Cum. hodie, and type, teste Hanl.,= D. culminatus, 

- 72. 

459. Tellina coqnata= Psammobia casta, Rve., teste Cuming. 

465. Tellina folie. The affiliation of this shell to Strigidlla fucata, Glid., MS., was 
doubtless due to an accidental error in labelling. No. 476 is the same 
species, dead. 

468. Teilina puella. Resembles 7. feliz, not PPpuella, M. 59. 

471. Tellina simulans. The type-valve exactly accords with the Profearors W. 
Indian specimens. 

473. Tellina vicina, C. B. Ad., = versicolor, C. B. Ad., MS. on label. Larger than 
most W. Indian specimens, which exactly accord with the Acapulcans, and 
are varieties of Hetercdonax bimaculatus. The Panomic shells resemble 
the Lower Californian, which are Psammobia Pacifica, Conr. 

477. Petricola cognata, Perfect specimens are P. pholadtformis, teste Cum. 

78. Saxwcara tenuis, Sby., C. B. Ad., H. and A. Ad., = Petricola tents, H. and A. 
Ad. Gen. pp. 349-441, and better accords with the latter genus. 

479, 482. Cumingia coarctata=lamellosa, var. M. 42. 

480, 481. Cumingia trigonularis, M. 43. 

483. Cumingia, sp. c, = M. 45, and, if not described, may stand as C. Adamsis. 

424, Cumingia, sp. d,=M. tablet 107, p. 31. 
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485. Amphidesma bicolor = Semele Prenusta, M. 41 (non A. Ad.). 

487. Arpaacme proximum, probably = 486, ellipticum, var.: not Semele prozima, 
. 40, = S. flavescens, Gid., M. p. 548. 

429, Amphidesma striosum, resembles Semele pulchra, no, 488, 

491. Amphidesma ventricosum. Scarcely perfect enough to distinguish the genus. 
e valve outside resembles Macoma solidtla. 

497, Anatina alta. <A valve of Pers Joma; probably one of the Guif species. 

498. Pandora cornuta, named and described from a fractured growth ; resembles 
Chdiophora clariculata, . 

499, 500 are varieties of the same species of .Azara, of which perhaps no. 501 is an 
extreme form. 

506. Corbula rubra= C. biradiata, jun., no. 503, M. 31. No. 500 are dead valves 
of the same,=C. polychroma, Cpr. 

508. Corbula, sp. a, resembles C. pustulosa, M. 82. 

510. Solecurtus affinis, probably = 8 Caribbeus=Siliquaria gibba, Spengl., 8. I. 
Check-List, no. 222. e W. African specimens are affiliated to the same . 
species by Mr. Cuming. The Mazatlan shells, M. 37, have a different 
aspect, but closely resemble the Ariquibo specimens in Mus. Amherst. 

511. Solen rudis is named Solena obliqua, Spengl., in Mus. Cum. It appears iden- 
tical with Ensatella ambigug, Lam., as figured by Deless.; but S. ambiqua 
(Lam.), Swaina., is slightly different, and better agrecs with the dead valves 
of “ S, medius, Alataka,” in Brit. Mus. These may, however, be only ballast- 
valves. As 8. ambigua, Lam., was described from America, and the form 
is not known elsewhere, it probably representa the Panamic shell. - 

515. Pholas, sp. a,=/laqucata, teste Cum. 

516. Pholas, sp. b, closely resembles Dactylina dactylus; also La Paz, teste Rich. 


The following specics were collected by Prof. Adams, but do not appear | 
in his Catalogue; thcy were found cither mixed with others in the Amherst 
Museum or in the shell-washings of his duplicates*. 


518. Mumiola ovata. 528. Ceecum clathratum. 

510. Chrysallida effusa. 520. Lepidopleurus tenuisculptus. 
520. Chrysallida telescopium. 530. Iechnochiton Elenensis, 
521. Chryeallida fasciata. 631. Cerithiopsis, n. 6. 

522. Chrysallida, n. s. 532. Lucina capax. 

528. Leiostraca retexta. 533. Kellia suborbicularis. 

524. Eulima yod. 534, Spheenia fragilis. 

525. Volutella margaritula. 535. Tellina laminata. 


526. Crecum semilave. 536. Crenella inflata. 
527. Cecum subquadratum. | 


55. British Museum Catalogues.—To the list of Deshayes, Cat. Veneride, 
may be added— 
P 
s. Dosinia ponderosa, Gray,=Cyth. gigantea, Sby.,= Venus cycloides, DOrb. 

aot California. 
135. Chione callosa [Desh. et-auct. Brit.,= Ch. fluctifraga, var., quite distinct from 
. Callista (Amuantis) callosa}, Conr. 
147. Chione astartoides, Beck, Greenland. [1849. = Zapes fluctuosa, Gld., 1841; 
teste Gld., Otia, p.181. Midd.’s figures more resemble V’. Kennerleyi, jun.] 


The authorities are rarely given for localities quoted in this elaborate 
work. The same specics often occur under differcnt names. Tho Veneride 


* With regard to the species which have received different designations in the Reigen 
and Adamsian catulogues, whether those names be retained of which the specimens cxist, 
and have been widely distributed, in accordance with the diagnoses, or whether the prior 
ones be adopted of which the unique types do not represent the descriptions, is a matter 
ou little moment to the writer of the Brit. Mus. Cat. Ho spared no pains in making-out 

is predecessor's speci ore describing his own, and has offered the best attainab 
list of the parallel forms in the review here quoted.” .° 
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in the Brit. Mus. Coll. have received Deshayes’ autograph names, in accord- 
ance with this Catalogue, generally on the back of the tablets. 

In the Brit. Mus. Catalogue of Volutide*, 1855, Dr. Gray arranges the 
Mia Coast species thus :— 


Lyria Eneta) Harpa, Adams, 167; Gray, P. Z.S8. 1855, p. 61; Hab. Peru, 
oluta Harpa, Barnes, Sby., Conch. Thes. [= Ve oluta Barnesis, y, 

Zool. Journ. vol. i. p. 511, note. ] 
18 10, Tria (Hinata) ( Cumingii, Brod. (loc. crt.). Central America, S. Salvador, 


56. Sailor’s Coll.—Pecten 2senatorius may be a form of sericeus, Hds. 

57. Gould’s Collections.—“< Planorbis ammon,=Traskei, Lea. P. graci- 
lentus ?= Trebmanni, Dkr., or Haldemanni,’”’ teste Gld. MS. The collec- ~ 
tions of Mr. Blake and others will be found under the “ Pacific Railway 
Explorations,” v. posted, par. 98: 

58. Bridges.—Some of the species described as new on Mr. Cuming’s 
Known. appear, on further comparison, to be identical with those before 

own. 


Dombeyi, Lam. 
iting, Tiguacta ap ears srs to the author identical with &. sincera, Hanl. [* Quite 


_ Netcare excavata+ N. Haneti, Recl., appear varieties of NW. Elena, Recl., the 
e of kneata, Chemn. 
Add Alora (“ Trichotropis”) Gouldé, H. and A. Ad., P. Z.S. 1856, p. 360; 1861, 
p- 


59. Proe. Zool. Soc.—The following additional synonyms have been ob- 
served in the list, Rep. pp. 285-288 :— 


1885 "Ss. Venus leucodon + Californiensis [= Chione succincta, Val. 1833]. 
3, 110. Peeten circularis (? =ventricosus, jn 
1850 24. Pl. 8. f 4, (Aad) Cumingia st Ad. N.W. coast of America. 
” 37. Gena varia, A. Ad. Mindoro, 9 fms., Cuming; Australia; Acapulco, 
on the sands, Moffat. (Clearly imported. 
1851 168. Infundibulum Californicum [is a Pacific shell=J. chloromphalus, var. |. 
» 168. Azphinus Californicus [ = Calliostoma eximium, Rve.}. 
»»  -180. Margariia ¢ calostoma [= M. pupilla, Gld., =costellata, Brit. Mus. Col., 
non 
1853 1865. Preudoliva it, A. Ad. [= Macron (Zemira) Kellettii, Mus. Cum.: 
= Pusio trochlea, Gray, MS. in Brit. Mus. Cerros Is., Ayres). 
1854 816. Chlorostoma Sumebrale = ~ 7. marginatus, Nutt. (non Rve. ); == T. snccstus, 


» 369. Tellina Mazatlanica {= 7 pir Gid., » 1851). 
1855 231. Chston Montereyensis [= Mopalia lignosa, Gid., 1846 := Mercksi, Midd., 
7). 
9 231, 232. . Hartwegt and regularis belong to Ischnochiton. 


* In Donovan's ‘Naturalist’s Repository,’ vol. u. 1834, p. 61, appears (without 
authority) “ Voluta Dufresnii, Don., California, 8. America.” 

t ang et iy of species in which the cartilage is eemi-internal, j intermediate 
between Scrobicula ~ Lutricola) and Macoma. They are arranged under the former 
group in Add. Gen. ii ii. (108, as “ subgen: Capsa, Bosc.” That Lamarckian name being in 
common use for Iphigenia, Schum., and being also employed for Ai ohis and Gastrana, it 
adds to the confusion to use it for s fourth group. The bulk o ville’s old genus 
having migrated to Lutraria and Scrobicularia, his name may be revived for this group 
not o provided-for. The species was redeecribed in consequence of Dombeyt Having 
been left among the true Tellens in Mus. Cum. 


ON MOLLUSCA OF THE WEST OOAST OF NORTH AMERICA. 555 


Page. 
1855 394. Callopoma depressum [= Senectus funtculatus, Kien.: not American]. 
The following species appear in later numbers of the Proceedings :— 


1856 360. Mytilus Adamsianus, Dix. [=M. multiformis). Pan Cuming. 
» 808. Vitel splendida, Dir. California. orm ame eed 

Dr. Gray, in his elaborate article on the Olivide, 1858, pp. 38 et seq., 
gives O, julteta, Ducl., O. araneosa, Lam., and O. venulata, Lam., as syno- 
nyms of Strephona reticularis, Lam. ; and quotes as “species (?) more or less 
allied to it,” O. polpasta, Ducl., O. splendidula, Ducl., “‘ O. jasprdea, Ducl., = 
O. Duclosii, Rve.” [?], O. kaleontina, Ducl. (Gallapagos), O. Cumingii, Rve., 
and Oliva Schumachervana, Beck, “ California: front of pillar-lip brown” 
[?=O. Cumingii, var. ]. 

For O. volutella, Lam. (including O. razamola, Ducl.), he constitutes the 
genus Ramola. 

For 0. undatella, Lam. (including O. ?hieroglyphica, Rve., O. nodulina, 
Duel., and 0. ozodina, Ducl.), and similar species, he forms the genus 
Anazola. 7 

The restricted genus Olivella is altered to Olivina, and includes (from the 
West Coast) O. gracilis, Sby., O. anazora, Ducl., O. tergina, Ducl., O. lineolata 
=dama, Goodall*; and, in a section, O. columellaris, Sby., O. semisulcata, 
Gray, and O. zonalis, Lam. 

The Californian species, O. biplicata, Sby.,=O. nus, Goodall, in Wood, is 
placed in the genus Scaphula. This is constituted for an animal, “ Olivancilla 
auricularia,” D’Orb., on which, in his work on 8S. America, he figures the 
shell of O. biplicata (teste Gray). The shell might in some way have become 
mixed with 8. American specimens; but as D’Orb. could not possibly have 
there observed the living animal, the genus should be restricted to the latter. 
The shell of O. biplicata is very peculiar, and has not been found south of 
San Diego. D’Orbigny’s genus is Olivancillaria. 


P. 
1850 980. Terebra strigata, Sby., Tank. Cat. Panama, Real Lejos. = Buccinum 
elongatum, Gray, Wood,= Terebra zebra, Kien.,= Terebra flammea, 


5» 287. Terebra Salleana, Desh. Mexico (Pubi], Sallé. note 
3, 9302. Terebra Petiveriana, Desh. (Pet. Gaz. pl. 75. f.5). Panama. Mus. Cum. 


» 9808. Zerebra  pecillata, Hds. ‘Probably two species here figured.” San 
Blas, Mexico. me 

», 903. Terebra larviformis, Hds. “ Probably two species here figured.” St. 
Elena, Monte Christi. 


» 907. Terebra formosa, Desh. Panama. Mus. Cum. 
9 9807. Terebra incomparabihs, Desh. { = T. flammea, Lam., teste Rve., P. Z. S. 
1860, p. 460]. Panama. Mus. Cum. 
» 908. Terebra insignis, Desh. Panama. Mus. Cum. 
» 428. lus Victoria, Sby., pl. 49. fig. 8. Gulf of California. Mus. Cum. 
» 428. Murer teniatus, Sby., pl. 49. fig. 8. Gulf of California. Mus. Cum. 
1860 3870. Leda Toylori, Hanl. Guatemala. Mus. Cum., Taylor. 
9 440. Leda Hindex, Hanl. ? Gulf of Nicoya. Mus. Cum., Hanl., Metc. 
» 449450, | Review of Deshayes’ ‘ Monograph of the Terebride,’ 1859, by Mr. 
"{_ Reeve. His synonyms are quoted under par. 62, ‘Conch. Ic.’ 
1862 239 65 Bursa fusco-costata, Dkr. California, Mus.Cum. [No autho- 
rity.| Like B. ditubercularis, Lam. 


* Many of the names given to the shells in Wood’s Suppl. were arbitrarily altered by 
Dr. Goodall, as the work passed through the press (teste Gray). However, if the firat 
pudliched, they will be allowed the right of precedence. 
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In the P. Z. 8. 1861, pp. 145-181, is the first part of the long-expected 
“Review of the Vermetide,” by Otto A. L. Mérch. The species of the 
West Coast are arranged as follows :— 

Page. - 
lol ri Stephopoma pennatum, Mirch, pl. 26. f. 3-8. Realejo, on Callopomea 
152 .. Stephopoma pennatum, Pvar. bispinosa, pl. 25.£0,10.5 and Cructbubem. 
Siphonium (Dendropoma) megamastum, Moreh, pl. 26. f. 12, 18. “ ?Cali- 
altotis nodosus, Rve.” [Not a Californian 


153 5. 
fornia ; burrowing in 
-species. 

«» Stphonium (Dendropoma) megamastum, yar. centiquadra, Morch. 
“‘ = Aletes centiquadrus, var. tmbricatus, Maz, Cat. p. 802,” Moreh [non 
Cpr.]. California, burrowing in Haliotis splendens [a strictly Califor- 
nian species, not found on the Mexican coast]. 

154 6. Stphonium (Dendropoma) lituella, Morch. California; deeply imbedded 

in Halvwtis splendens; Mus. Cum. 
P= Soa ammonitstformis, M. de Serres. 
= Spiroylyphus, sp., Cpr., B. A. Report, p.324. [Found on shells from 
ashington Ter. to Cape St. Lucas (also Socoro Is., antus) ; but it 
has not been observed on the Mexican or Central American coast. ] 

164 20. Stphontum margardarum, Val. Panama, Val.; Mazatlan, Retgen. 

“‘ = Aletes margaritarum, Maz. Cat. p. 303,” teste Morch, non Cpr.* ]. 

177 36. Vermiculus pellucidus, Brod. and Sby., pl. 25. f. 17-20. 

ws ee ~=©6 Vara, les = ula larw,Chenu. Hab. ?—, on ?Margari- 
iifera. Mus. Cum. 

.. o« War. aa. laquearis. W. Columbia, Cumzng. 

178 .. Var. 8. ctnnamomina. W. Columbia, Cuming. 

. Var. y. colubilis, Morch, pl. 25. f. 18, 19.= Vermetus eburneus, Rve., = 
, V. lumbricalis, Knight. Hab. P—. Mus. Cum. 

1. oe ° Var. 8. volubilis (adulta) picta, Mirch, = Verm. eburneus, Maz. Cat. 
. 304. W. Columbia, Cuming; Puntarenas,‘ Ocersted, Journ. 
onch. viii. po. 

~» Var. «. crassa, Mirch, = Serp. Panamensis, Chen. [l. pl. 10. fig. 5 = 
Vermiculus eburneus, Morch, Journ. Conch. viii. 30. Puntarenas, 
Oersted. ‘Fossil at Newburm, N.C.,” Mtdtall [teste Morch}. 

179 .. Var. ¢. tégrina, Morch. W. Columbia, Cuming. 

- Var. n. castanea, Morch. On Murer melanoleucus, Morch. 

oe reulum: W. Columbia, Cuming. 

ar. 1, from var. 8.= Vermetus Hinds, Gray, Add. Gen. fig. ?8, a, 6. 

Puntarenas, Oer. 

180 .. Var. 2, disctfer, from var. 8. Puntarenas, Oecersted. 

. Var. 8, from var. e. Pi. 25. £. 17. 

Var. 4, subgranosa, from var. n. Puntarenas, Oersted. 

181 88. Vermiculus efsus Val, = “ Vermetus e., Val.” Chen. fil. pl. 5. fig. 4, 
a-c. = tphontum e. Chen. Man. fig. 2301. “Fig. 4 of Chen. f is 
from specimen figured in Voy. Ven. as V. centtquadres.”’ 

In the second part of Morch’s ‘“ Review of the Vermetide,” 1861, pp. 
326-365, occur the following. A portion of tho genus Bivonta is united to 
Spiroglyphus. Petaloconchus, Aletes, and part of Bivonia are united to Ver- 
metus, Mérch (non auct.). Tho namo Aletes appears to bo uscd in a varietal 
sense, in no respect according with the subgenus as described by the author. 


* I was perhaps wrong in referring the Mazatlan shells to Val.’s species; but if Mr. 
Mirch is right in his own determination, the Mazatlan synonymy and locality must be 
expunged. There was no evidence of a typical Sipkonium when the Reigen Catalogue was 

 blished, nor have I scen such from the whole coast, unless the minute operculum 4, 

rit. Mus. Col., tablet 2537, be supposed the young. Mirch says, “the lid is unknown.” 
The operculum of the similar Mazatlan species, on which the subgenus Aletes was 
founded, is deacribed in Maz. Cat. p. 302. 

+ ‘“Cpr.’s observations respecting Chenu’s plates (Maz. Cat. p. 306, lin. 18) aro in 
erroneous, it being overlooked that Chenu has two plates marked ‘ V.’:” note *, p. 337. 
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Pp Sp. 

332 8. i us albidus,?Cpr. Mazatlan, Reigen. Operculum g et Pf, Maz. 

Pe lL = Bicone elbida, Cpr., Maz. Cat. p. 507. Operc. g if with- 
out doubt of Spiroglyphus, and not of Bivonia, var. indentata, Operc. f 
is truly congeneric, aid perhaps conspecific. 

344 4. Vermetus (Thylacodus) contortus,Cpr.* Gulf Calif. Mus. Cum. 

ws ee ~~) Var. a. repens (Thylacodus). Gulf Catif., on Marguritifera, Mus. Cum. 
‘‘ This species ia perhaps a state of V. (Petaloconchus) macrophrag- 
ma.” ([Morch: non Cpr.|t 

$45 ..  Var.8. favosa ( Thylacodus). Calif., on Crucibulum. Mus. Cum. 

.. ee Var. y. contortula (Thylacodus), Gulf of California. 
Forma l. ?Thylacudus contorius, var. tndentata, Cpr. “‘ Corre- 
sponds to forma 1, electrina, of Vermetus varians, )’Orb.” 
Var. 8. indentata (Vermetus), [Morch, non Cpr.]. Sonsonute, on Spon- 
dylus limbatus, Rve., non Shy. Oersted. 

316... Var.e. corrodens: (Vermetus). Is. Sibo ?Quibo), Spengler, on Pure 

pura lineata. 

359 20. Vermetus (?? Strebloceras) anellum, Mirch. California, on Hubiotis tuber- 
culatus, Rve. [Not a Californian Haliotts. The diagnosis, however, 
exactly accords with aCalifornian shell, which is perhaps the young of 
S. squamigerus. It has no resemblanco to Strebloceras, Cpr., P. 

1858, p- 440, which is a genuine Cecid. ] 

360 21. Vermetus (Macrophragma) macrophragma. Mazatlan, &c. = Petaloconchus 
m., Cpr. Tealejo, Oersted. 

362 24. Vermetus (Aletes) centiquadrus, Val, Puntarenas, Oersted + V. effusus, 
Val. (the same specimen). 

Var. a. marima= V. Punamensis, Chen. pl. 6. f.1. Panama, C. B. Ad. ; 
Mazatlan, Melchers. 
er Var. B. Punctis impressis destituta,= V. Péronu, Val.t 

363... Var. y. siphonata. Puntarenas, Oersted= V. Péronti, Rouss. 

. 1. Var. 8, tutipa. Gulf of California, on picce of black Ainna, Mus. Cum. 
[The Pinna nigrina is from the E. 1.]= V. tadipa, Rouss. 
.. ee ~=©)) Var. e. Bridgesis. Panama, on Margaritifera, Mus. Cum. 


The conclusion of the paper is in P. Z. 8. 1862, pp. 54-893.: 


58 4. Bi vonia suis, Morch. Central America, on Anomalocardia subimbricata, 
us. Cum. 
Var. a. Pmajor. On Pinna, probably Central America, Mus. Dunker. 
Var. 8. triguetra. Mazatlan, on valve of Placunanomia, Mus, Semper. 
Like B. triquetra, “ var. typica.” 
70) «68. Thylacodes cructformis, Mirch. California, on Crucibulum Pumbrella, 
Desh., var. Mus. Cum. Analogue of 7, 7. Riisei, Mirch, from the 
east coast. 
»» «+ Var. «. lumbricella. Voy. Ven. pl. 11. f. 2. California, crowded on 
y eagle. gum u : Mus C 
7 ar. B. osclera, . on young Margaritsfera, us, Cum. 
Very like Bic. Quoyi, var’ variegata, {This clos is on shells from 
76 16. Th lacadle acne Cr ne Aleten a " C  d2s 1856, p. 226. 8 
6 16. Thy s sguamigera, Cpr.,=.4 sg., Cpr., P.Z.S. . 226. Sta. 
Barbara, Nutt. [ Serpulorbis, not Aletes, teste Cooper }. P 


. min Morch has not seen any lamine inside, but, from the ss spiral lire on the 
colume ieves they wi ound. é opercula supposed to be to this species 
(Muz. Cat. p. 311) Mr. M. thinks more probably those Of Spiroglyphus albidus. He 
states (erroneously) that the shell wae not opened by the describer. 

t Mérch supposes that Bivoxia contorta, Cpr., may be the adult of Petaloconchus 
macrophragma, and that both may be forms of Aletes centiquadrus. The nuclear por- 
tions are, however, quite distinct, and the three shells appear, from beginning to end, as 
far removed as any ordinary Vermietids can be from each other. 

~ The writer doubts respecting this species, and thinks the shell on which it is para- 
sitical to be a Melo, and not Strombus galea, simply because named after Péron, who 
«lid not visit this district. 
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P 8 

76 -16 Var. a. pennata, = V margariarum, Val. Ven. pl. 11. f. 2. (fig. min. 
Cal. Mus. Cum. [Affiliated to the Californien species on Sappent: 
titious evidence, and probably distinct. These ap to be from the 
tropical fauns.] Analogue of the W. Indian 7. , GmeL 

78 21. PThylacodes oryzata, Morch. Probably W. Central America, from the 

. adhesions; but “China: ”’ Mus. Cum. tel 

-. «+ Var. «. annulatu. Panama. Mus. Cum.# 


In P.Z.8.1861, pp. 229-233, is given a “Catalogue of a Collection of Terres- 
trial and Fluviatile Molluscs, made by O. Salvin, Esq., M.A., in Guatemala: 
by the Rev. H. B. Tristram.”” But few of the 49 species occur in Mexican 
collections; none are identical with W. Indian species, except such as 
are of universal occurrence in tropical America; and the 16 new species 

.show close generic affinities with the shells of the northern regions of 8S, 
America. The shells have been identified from the Cumingian cellection. 
The new species are described, and some of them figured. 
Page. No. Pl. Fig. 
230 1 .. .. Helix Ghiesbreghti, Nyst. The largest Helix in the New Warld. 
elix eximia, Pr. 
Helix Lalliana, Pfr., var. 
Heliz euryomphala, Pfr. Closely allied to the S. American 
HT, laxata. 
Heliz coactiliata, Fér. 
Bulimus Pazianus, D’Orb. 
Bulimus Morvcandi, Pfr. 
Bulimus Honduratianus, Pfr. 
.. «+ Bulimus Dysont, Pfr. - 
26 8. Bulimus semipellucidus, n.s. Allied to B. dscrepans, Sby. 
»» «+ Suectinea Poutria, Ln. -- 
Glandina Ghiesbreghti, Pfr. 
.. Glandina Carminensis, Morelet. Described from Costa Rica. 
«+ Achatina, sp. ind. 
«» Achaténa octona, Lam. 
.. Spirazis Latiret, Pfr. 


Leptinaria Elisa, n. 8. 
Cylindrella Ghiesbreghti, Pfr. 
Cylsndrella Salpinz, n. 8. 
.. Physa Sowerbyana, D’Orb. 
; “Piya purpuros oma, n.s8. Lake of Dueiias. 
, Say. .. 
Plariorbis tunudus, Pfr. (Comp. P. temens, Mas. Cat, 238.] 
Planorbis Wylds, n. sp. e of Duefias. 
Planorbis Duenasianus, 1.8. Lake of Dueiias. 
Pilanorbis, sp. nov., in Mus. Cum. " 
.. .. Segmentina Donbilli, n.s. Lake of Duefias. 
. 32 4... Molampus fasciatus, Chem. Salt-marshes on coast. 
. 838 .. .. Adamsiella Osberts, n. 8. 


* The present posture of binomial nomenclature is well illustrated in this most elabo- 
rate paper, which few naturalists have professed to understand. The oe} of bir the 
operculum-spine is figured in plate 25. f. 16, is quoted as “ Siphoniam eubere- 
natum, Vv. spinosa.” ‘The shell described in Mast Oat. p. 807 is quoted as “ Vormetus 
(Thylacodus) contortus, var. y. contortula (Thylacods), forma 1, Thylocodus (?) com 
tortus, var. indentata, Cpr.” Perhaps the sentences of Klein and the writers sre 
more easy to understand and remember. The Chstonida of Middendorff (v. First Report, 
p. 214) are simple in comparison, 
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P je Noa. Pi. Fig. . ° . 
= 84 .. .. Ctsteada trochlearis, Pfr. 


.- 856 .. .. Chondropoma rulieundum, Morelet. 
-- SB we ae Ce Be Morelet. Described from Costa Rica. 
oo 87 wee. horus ponderosus, Pfr. - 
o. 38 1. oe Cyelophorus translucidus, Sby. - 
288 89 26 11. Macroceramus polystreptus, n. 8. 

40) 26 9,10, Helicina Salemi, na. Like H. turbinata, Wiegm. Mexico. 
.. 41 .. .. Hekeiwna amena, | _ 
.. 42... .. Helena Oweniana, Pf Described from N 

48 .. .. Hekeina merdigera, é. cri m Nicaragua. 

44 Helicina Linden. Pfr. 
.. 45... .. Hekcina chrysevs, n. 8. Mountain forests of Vera Paz. 
. 46,47,48.. .. Paludinella, 3 species apparently undescribed. 
.. 49 .. .. Pachycheilus corvinus, Morelet. Larger than in previously 

noted habitats. 


The vol. for 1863 contains Dr. Baird’s descriptions of new species from 
the Vancouver collections of Lord and Lyall, which will be tabulated, infra, 
par. 103 ; and the Review of Prof. Adams’s Panama shells, which has already 
been quoted. 


60. Sowerby, ‘Conchological Illustrations,’ 1841.—The following are addi- 
tional localities or synonyms :— 


N ig. ; 
2 46. Cardium Indicum [is exotic ; closely allied to C. costatuen 
56 18. Cardiuwm maculatum, Sby. Cal, &. =C. maculoown, Sby. (preoc.). 
90 .. Murex imperiaks, Swains. Cal. =i. m, var. Gmel. [| Perhaps dis- 
tinct ; may be the W. I. analogue of bicolor. ] 
91 38. Murex erythrostoma, Swains, Acapulco. [P=bicolor, var. ] 
45 102. @a albuginosa, Gray. Mexico, Oeylon, [The Ceylon shell is pro- 
bly poraria, sp. 44. | 
1 465, Erato scabriuscula, Gray. Acapulco. =Marginella cypreola, Sby. 
62 40, Fissurella Lincoln, Gray, MS. [An extremely fine specimen (supposed 
“ unique ”) of Glyphts aspera, Esch. Mr. Lincoln is also quoted for 
the “ finest of the four known specimens ” of Zecapina crenulata, sp. 19, 
f. 31, 88: “ Monterey.” | 
54 [Erase this line in the former Report, and substitute as follows :—] 
55 Bulimus untfasciatus, Sby. Galapagos. 
‘ Thesaurus Conchyliorum,’ G. B. Sowerby, d&c. To the list in Rep. pp. 
288, 289, may be added :— 


P PL Og. 

BL 12 fog, Pecten circularis, Sby. Cal., St. Vincents. [The name may 
stand for the W. Indian shell, the Californian being P. ven- 
tricosus, jun. | 

57) «12 «20,21. Pecten latauritus, Conr. Cal. +“ P. mesotimeris, Conr.” 

261 659 144. Zoellina sincera, Hanl. N.W. Coast America. [=Panama.] 
769 165 36-38. Venerupis cylindracea, Desh. Cal.,= Petricola Californica, Conr., 
. arcuata, Desh.,-+ P. subglobosa, Sby. 
B. Ad. (Gid. em rag Gd. Eoc interrupt orruption [CB 
. Ad. .)} non .E. E.,=C, um [C. B. 
Ad.: non Mke, nec} Gid. Ll 


8 Fig. 
47 43, 44. Conus® interruptus, Mawe, Wood. ([Slender, coronated sp.] non 
Br. and Shy. Hab.P—~ P| 

So 


* Mr. Sowerby remarks, “As the collector's great object is to know the shells, I have 
preferred, in most cases, giving the species as they stand, stating the alleged differences, 
and leaving the final decision to individual taste.” He further states, with regard to some 
groups, that “the characters of the shells are very uncertain, and the intentions of the 
euthore atill more so.” The names, references, and ities are given on liste to face the 
plates, and the diagnoses separately, with a copious index. An attempt also is made to 
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80. Conus traratus, Brod. Galapagos. 

29. Conus puncticulatus, Brug. Salango, St. Elena, W. Col., Cusmiag. 
. Conus puacticulatus, var., = papelicens, Kien.” ’ 

. Conus puncticulatus, [M 

. Conus puncticulatus, var.,= «s, Kien. : ?+ Mauritianus, Lam. 

. Conus rirgatus, Rve.,=zebra, Sby., non Lam. [Resembles regulanis, 


var.| Salango, W. Col., Cicmang. 
Conus virgatus, var., = Lorenzianus, Rve., non Chem. 


. Conus rirgatus, var., = Cumingit. 
. Conus scalaris, Val.,=gradatus, Rve. Salango, W. Col., Crening. 
. Conus tncurvus, Brod. [Resembles specimens from La Paz.) Monte 


Christi, W. Col., Crening. 


. Conus Xismenes, Gray, =interruptus, Brod., non Mawe. [ Like peneti- 


culatus, var.| Mazatlan, W. Columbia, Cuming. 


» Conus perplezus, Sby. Gulf Cal., W. Col., Creming. 
. Conus arcuatus, Br. and Sby. Mazatlan, Pacific [']. 
. Fissurella Mezicana, Sby. Real Llejosa, Mexico. | 
. Fissurella Mexicana, Shy. Porto Praya. 


[Both localities 
are probably incorrect ; it belongs to the Chilian fauna] 


» Fissurella rugosa, Sby. W. Indies [= W. Mexico]. 

. Fissurella alba, 

. Fissurella nigrocincta, Cpr. [Gulf of] California. 

. Fissurella tenebrosa, Sby., jun. (PGulf of} California. Like the last. 
. Fissurella obscura, Sby. Real Liejos, Caan. [“ Gal.” in P.ZS, 1834.) 
. Fissurella excelsa, Rve.,+ F. alta, C. B. Ad. 

. Fissurella Punamensis, Sby. “In Conch. ML, thia very distinct 


Cpr. [Gulf of] California. 


shell is united to that since named F, ercelsa, Rye.” 


. Fissurella cancellata, Soland. St. Vincent’s, Honduras Bay, Guada- 


loup, California. {No authority for the latter. ] 
Harpu Rivoliana, Less.,= H. crenata, Swains. Acapulco. 


. Dentalium pretiosum, Nutt. “ =striolatum, Stn. Massachusetts. 


Less curved and tapering near apex than D. entale, more cylin- 
drical throughout, but a doubtful species.” [The type-speci- 
mens are not striated.) California. 


. Dentalium heragonum, Gid. N. America: China, Singapore. 


m_ pseudosexagonum, Desh. Masbate, Philippines: W. 
Columbia. 


. Dentalium splendidum, Sby. Xipixapi, W. Col. 
. Dentalium liratum, Cpr. “ Malgattem.” [Maz. Cat. 244.] 
. Dentalium quadrangulare, Sby. aller) W. Col, [Like tere- 


21, 22, 


gonum, but striated, and much smaller. 
um tetragonum, Shy. W. Col. [ 
round. } 


Toung shell square, adult 


In the very elaborate monograph of the Nuculide, by 8. Hanley, Esq., the 
following species, quoted as from the W. Coast, are minutely described :— 


83. Leda Sowerbiana, D’'Orb. Xipixapi. 


2 


7 


20 
33 


classify the forms according to their natural affinities. It is rarely that monograph 
and artists take such laudable pains to supply the wants of students. In the monogrs?’ 
of Galeomma and Scintilla, however, the 


35. 


= N, elongata, Val. 
= N. lanceolata, G. Sby., non J. Sby., nec Lam. 
Leda Taylori, Hanl.,= WN. lanceolata, Lom., non G, nec J. Shy: 
Guatemala. (P. Z. S. 1860, p. 370.) 
Panama. 


70-72. Leda Elenensis, Sby. 
00. Leda eburnea, Sby.,=lyrata, Hds, Panama: Bay of Caraccas 


ers 
b 


ocality-marks have not been observed 10 * 


ai species, except the “ British G. Twrtoni” and ite “ Philippiue analogue, G. meer ‘by 


sollomes Desk.” 


This is the more remarkable, as most of the species were 


Desh., with localities, in P. Z. 8. 1855, pp. 167-181. 
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In the ‘ Malacological and Conchological Magazine,’ by G. B. Sowerby, 
London, 1838, is a monograph of Leach’s genus Margarita. The following 
probably belong to the N. W. Coast, and are figured in the Conch. Ill. :-— 


P 

5. Margarita striata, Brod. and Sby. Boreal Ocean. 

26. Margarita undulata, Sby. Arctic Ocean. 

26. Margarita costellata, Sby. [Non Brit. Mus. Col. = Jf. pupila, Gid.; differs in 
having the interspaces of the spiral ribs decussated. Arctic Ocean. | 

26. Margarita acuminata, Sby. Arctic Ocean. 

30. Aphrodite columba, Lea,= Cardium Granlandicum. 


Several West Coast species were named and figured in the elder Sowerby’s 
‘Genora of Recent and Fossil Shells,’ London, 1820-1824; a work of singular 
merit for its time, but left unfinished*. The stock was purchased by a dealer, 
with a view to completion; but newer works have occupied its place, and 
the valuable plates and text remain uselcss in his hands. As no dates appear 
in the bound copy of the work, it cannot be stated whether the species here 
named by Mr. Sowerby had been before published. The loss of the original 
work has been in some respects supplied by the completion of the extremely 
similar ‘Conchologia Systematica,’ by L. Reeve, vol. i. 1841, vol. n. 1842. 
It might almost be considered a second edition of the ‘Genera,’ of which 
some of the plates occur in the quarto form. References are here given to 
the species reproduced from Sowerby’s unfinished work, which is often quoted 
by Mr. Reeve according to the “ Numbers ” in which it appeared :— 


Rve. | Sby. 

Fig. | Fig. Sowerby’s Genera. 

2. Cumingia tri 8. 

3. Crusmingia lamellosa. 

Tallin pear ndote zx T:opereulata, Greta, T. rixfescens, Chem.,” Rve.} 

. ina opercularis [= T. ,Gmel.,= 7. rufescens,Chem.,” Rve. }. 

1. Lucina punctata [Linn., “= Lentilaria p., Schum.” Rye. ©. S.}. 

2,5. Venus subrugosa, 

7. Venus gnidia. 

2.’ Cytherea planulata. 

8. Cytherea aurantiaca. 

4 [non 3]. Lithodomus caudigerue [Lam.,=aristatus, Dillw.]. 

3. [ Appears to represent attenuatus, Desh. 

6. Modiola semifusca [inside view; exactly accords with Braziiensis, Maz. 

_ Cat., but is not Lamarck’s species, teste Hanl.}. 

2. Lima squamosa [ Lam. }. 

2. Ostrea Virginica (Lam. ]. 

L. Placunanomia Cumingii. “Brought by Mr. Henry Cuming from the 
Gulf of Dulce, in Costa Rico.” 

1. Lottia gigantea, Gray. Genus named in Phil. Trans. = Patelloides, Quoy 
and Gaim. PSouth America. [The U.S. E. E. specimens were la- 
belled “ Valparaiso.” It comes to us from many parts of the world, 
but is only known to live in Middle and Lower California. = Tecturella 
grandis, Cpr., B. A. Rep. 1861, p. 187. 

J ] . (The figure is singularly like the Vancouver 


pH RONDO COLO TNO me go to 


2. Crepidula onyz. 

dula aculeata : “=P, auricula, Gmel.” 

3 C aa i patinctoriuin (Sby., non Lam. The non-pitted form of 
smoricata, 

4. Calyptrea spinosa. 


> to 
> 
¢ 


* The last Part (no. 84) appeared “ March 8}, 1831," many years after the previous 
hanes i atte Hanl. 9 
‘ Oo 
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Rve. 


8. re 8. Litorina pulchra, = Turbo p., Swains. 


Y 
? 


Lam. 
. Columbella labiosa. “ California” (1. e., Panama, &c. } 
peems tocberoewm 


Hm 60 f D 
) 
& 
TOs 
"8. 
E. 
Ss 
Aa 


. Monoceros cingulatum (| Lam.: . 
. Trichotropis bicarinata, and Cynder operculum. 


PIE SO ribo 
* 


1. Okva yria (Linn., “as Cylinder porphyreticus, D’Arg., = Castra Trer- 
ini.” Rve. C.8.]. 


5. Cyprea pustulata [Lam.]. x 


The following additional West Coast species, figured in the ‘Conch. Syst.,’ 
may be quoted for their synonymy. The authorities for all the species are 
given, but no localities :— 


‘PL Fig. 
26 1. Solecurtus D |, Lam. [appears intermediate between S. Dombeys, 
Mus. Cum, and & cmbigua Lam.]. 
220 7, Turbo squamiger, Rve. P. Z. $. 1842, p. 186 [without locality. ‘Gala- 
pagos, Cuming,’ in Conch. Ic. Also Acapulco, Jewett, &c.]. 
229 2. Turbinellus acuminatus, Wood, Kien. [close resembles Latirus castaneus |. 
268 3. Buccinum elegans, Rve., P. Z. 8. 1842, from Hinds’s Col. [is the south 
highly developed form of B. fossatum,@ld. The name is preoccupi 
- by a Touraine fossil, B. elegans, Duj., in Desh. An. s. Vert. x. 19, 
no. 22. As Rve.’s species ia a Nasa, and there is another Bue. 
Kien., Coq. Viv. p. 56, pl. 24. f. 97,=: Nassa e., Rve. Conch. Ic., it will 
save confusion to allow Gld.’s later name to stand |. 
‘268 5,6. ened serratum, Dufr.,=Nassa Northia, Gray [=Northia prote, 


62. Reeve, ‘Conchologia Iconica.’—The following corrections should be 
made in the abstract, Rep. pp. 289-293. 


20. [Semele Slarcans should be flavescens, et passim.) 

33. 3% ria amara (is a Sandwich Is. species, quite distinct from C. Lecaveisen 

88. Patella clypeaster [is a S.- American species, having no connexion with A. 

tna, or with Monterey ]. 

60. Patella cinis [ =A. pelta, not patina, var]. 

67. Patella vespertina. [P. sts » sp. 117, is probably a var. of this species. 

69. Patella toreuma [“ var.” in Mus. Cum., “ Mazatlan,” probablyssivescens. No 
shell of this (N. Zealand) type has been found on the coast by any of the 
American collectors]. 


* Sowerhy’s (correct) name appearg on Reeve’s piste but in the text of © &., f. 9 is 
called ‘‘a species of Zwrbinetine inserted inadvertently.” ; 
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81. Patella Nidttalkana. (Mus, Cum.,=A, pelta, typical, The figure looks more 


like 
140. Patella shat, Nutt. [non Esch., is an elevated, stunted form of the black 
P var. of ‘imatela Nutt. The name ‘being presen this distinct form may 


stand as 
64. Fissurelia -ata [is distinct from G. aapera. . bart, Jewett]. 
57. Turbo marginatus [Rve., non) “Nutt.” [is a Pucific pec vaio ote? be Messrs. 
Adams as the Colonia mar, of Gray ; but that is a on fossil, olim 
(teste in Brit. Mus.). The Nuttallian she ublished in 
Jay's Cat., was described by A. Ad, as Chlorostoma funebr mecrinem, 
auct, (non : Jonas, the true 7 meestus being 8, Anietioa te teste A. Ad. 


Mus, 
89, Cypres enya tla the E. Indian, C. spadicea the similar S. Diegan species]. 
The following species, either quoted from the W. Coast, or known to in- 
habit it, or connected with it by synonymy, have been observed in Reeve’s 
‘Conch. Io.’ since the date of the last Report. The number of the species also 
refers to the figure. For the remarks enclosed in [ ] the writer of this Re- 
port, here as elsewhere, is alone responsible. 


56. Fhsus turbinelloides, Rve., Jan. 1848. panies Mus. Cum, [ =Siphonaka 
pallida, Br. and Sby.; ; spines somewhat 
62. Fusus Fisus cancellatus, Lam nalaska, om Ee, Mus Cum.” [Doubtless 
the origin of the prevalent locality-error}. 
70. Puna - Nove-Hollandie, Rve., Jan. 1848, N. Hol. Metcalfe. {As Mr. Mot- 
ve numerous West Coast shells to Brit. Mus. under locality “N.H.,” 
thie, shell also was 8 probably from W. Mexico,= F. tthouarst, at 
Ol. Fusus Gunneri, Lov., (Tritonium), Ind. Suec. p. 12. enland. 7 
phon malticotatus, Each. The fig. should be 90, 8; £. 91=: Ba 
52. Cardium pseudofossile, Rve. “P. 'Z, 3. 1844." Hab, P— [No found in 
P. Z, 8.,=C. Caltforniense Desh., 1839, non C, Cakifornianum, C 
ern form ; ; the Californian Pvar.= C. blandum, Gia. 
67. Buccinum modsficatum, Rve., Dec. 1846. Hab. P— [Agrees sufficiently w: 
with ES an from La Paz, Mus. Smiths.,= Siphonalia, closely 
to 
62. vot Chey, irum, Rve Dee: rere Hab. ?— Mus. Cum. iwvom specimen 


2. gals gaan ve, March 1857. avy, mast Am. (tok mimata, jun. 
8. S. tellinoides, A-Ad., is the same, adolescent; 5. S. pu Desh., adult. } 
4, Psammobia maxima, Desh., P. Z. 8. Paget 80 S17, Panama "*[blocely soeems- 
bling Ps. rubroradtata Nutt. Sound.] | 
19. aiytilva topunctatus, Dic. [No ape Ele for Cal. 4 
41. Mytilus bifurcatus Cour, STA.NS. Phil Hab. "Ha. {Coan 
ies to California ; but it is the common dw. Ts. pe Frocies, "ate Pre. 
e Californian shell with the same sculpture, is a Septifer, and is the 
8. bifurcatus of Mus. Cum. ] 
44. Myeius Salle Sallei (Dreissina), Recl. aa arr in (? On which alope. } 
52. Mipie ngvanus, Recl, Panama. [ Septifer. 
60. ua glomerstus, ratus, Gid. Hab. P—* [Gould’s species is from California, but 
the name is attached to a very different shell in Mus. Cum.] 


* Several species occur in the recent mon hs without locality, which are well 
known to inhabit the W. Coast. This is pei de 


m of apecioe are gen tof ray, the seo i of alas 
the clerk or from the te index in the monograps and representing only the judg: 
ment of the latest worker, which may or may not be correct. Bynonyms, whether real 
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11. Modiola capax, Conr. Galapagos, Cuming. [Lower] California, Mudall. 
Mazatlan, Carpenter. [Keigen is the authority for the shells described 
in the Maz. Cat., not Cpr. } 

17. Modtola Braxliensis, Chem. “Brazil.” (At f. 31, which appears the true 
Guaveaaite") ? we are informed that this specimen is a ‘variety from 

uayaquil.’ 

-. Modiola vitens, “Cpr. Cat. Reigen Col. Brit. Mus. California.’’ [The shell 
was erroneously described as from “ California” in P. Z. S., and doea not 
appear in the Reigen Mazatlan Cat. := M. eubpurpureus, Mus. Cum. 

5. Lithodomus cinnamominus, Chem. Philippine Is. and St. Thomas, W.I. '=L 
cinnamomeus, Maz. Cat. 177. Probably an dua. | 

8, Lithodomus Cumingianus, Dkr., MS. “North Australia and Mazatlan.” 
species ie figured from the Mazatlan specimen, which may probably be 
the adult form of ZL. calyculatus, Cpr.*. The cup is not distinct, but 
shows a tendency to the peculiar formation described in Maz. Cat. no. 174 
Rve.’s diagnosis, however, appears written from Dkr.’s Australian speci- 
mens, 80 labelled in Mus. Cum.—a very distinct species, without incrus- 
tations. The name was given by Mr. Cuming to a large Chilian species 
brought by the U.S. Expl. Exp. 

12. Lithodomus Gruneri, Phil. aS. in Mus. Cum. “N. Zealand.” [The species 
=L. falcatus, Gid., and is certainly from California, where it is found in 
the rocks with Pholadidea penita. 

18. Lithodomus teres, Phil. “Mazatlan.” [The specimens in Mus. Cum. sr 

_ _ labelled “ Cagayan, Phil.” 

14. Lithodomus coarctata, Dkr. Gala , Cuming. [= Crenella c., Maz. Cat. 172.) 

16. Lithodomus caudigerus, Lam. ‘ West Indies” [without authority]. “The 
calcareous incrustation produced beyond the ant. extremity ia no specific 
characteristic.” [Vide reasons for contrary opinion, Maz. Cat. no. 176: 

= L, aristatus. Dr. Stimpson has seen Lithophagus arranging its 
incrustation with its wa 1857), Hab. P— [Th § 
us pessulatus, Rve. (Oct. 1857). Hab. P— [The unique sp. figured is 
labelled “ Mazatlan” in Mus. Cum. It v sombles phemila, with ventral 


.__ transverse ruge. | 
26. Lithodomus subula, Rve. Hab. ?— [=L. plumula, rar. 
s Is., Pacific Ocean, 


6. Avicula Cuming, Rve. March 1857. “Ld. H ’ é 
attached , rocks, 10 fms. Cvming.” (P= Margaritphora fimbriais, 
1) Var. 


9. Avicula barbata, Rve. Panama, under stones at low water, Coming. — (=. 
Jimbriata, Dkr.,= M. Mazatlanica, Hanl.] “Differs from Cwmingit in 
regular sequence of scales, developed only at margin, and yellowish tone 
of colour.’ . 
87, Avicula heteroptera, Lam. N. Holland. “ =A. sterna, Gld.” [Gould’s species 
is from Gulf Cal.; but in Mus. Cum. it is marked inside “ semusagea. ] 
4, Placunanomia foliata, Brod. 1s. Muerte, Bay Guayaquil. “ May=echtnats, 
‘W.1I., but has very much larger orifice.” 
7. Placunanomia macroschisma, Desh. ‘Onalaska, Cuming” [who never wé 
there]. Kamtschatka, Desh. [Vancouver district, abundant. | 
7. Thracia plicata, Desh. “Mr. Cuming has specimens from California and St 
Thomas, W. I.” [Cape St. Lucas, Xantes. . 
Melania. [Various species are described from “Central America,” &c., which 


or supposed, are rejected altogether. Thus shells sent to Mr. Cuming, with authentic 
name and locality attached, may appear soon after without any, or with erroneon's 
quotation. The error is rendered graver by appearing with the weighty authonty © 


“Mus. Cum.” 

* The species described in the Brit. Mus. Cat. seldom appear in the monographs, 
unless there happen to b2 a specimen in Mus. Cum. Some of the monographers often 
content themselves with figuring the shells ‘that come most easily to hand; and do not 
seem to consider it a part of their work to pass j ent on previously 
species, or to concern themselves with what are small or difficult. 
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in connexion with U. but are not here tab ated.| 
50. Melania Buschiana, Rve. “California.” [No authority. Very like the 
young of ©. sciyno, Gld.] 
867. Melania ntgrina, Lea, MS. in Mus. Cum. “Shasta, California.” 
68. Cancellaria funiculata, Hds., = C. lyr , Ad. and Rve. Gulf Magdalena. 
56. 
5 


may or may not belong to the Pacific slope. They should be studied 
. forms, 


Litorina trrorata, Say. ‘“Sitcha.” [The “Sitcha” shell is Z. modesta, Phil. 
Say’s ies is the well-known form from the Gulf of Mexico. 
. Terebra strigata, Sby., + elongata, Wood., =flammea, Less., =zebra, Kien. “Pa- 
nama, Galapagos, and Philippines, Ceaming; Moluccas, &c.” [Painting 
in stripes. | 

10. Zerebra robusta, Hds. Panama, &c. [= T. Lorotsi, Quér., teste Rve. P. Z. 8. 
1860, p. 450. Painting splashed: 

43. Zerebra variegata, Gray. ‘Mouth of the Gambia, Senegal, Mazatlan, Co- 
lumbia. It is well known to those who have studied the geographical 
distribution of animal life, that the fauna of the West African seas, 
north of Sierra Leone, is in part identical with the fauna of the seas of 
California and the W. Indies; and geologists, among whom was the late 
Prof. E. Forbes, have laboured, not unsuccessfully, to account for this 
phenomenon.” { Vide Maz. Cat. Pp 157, B. A. Rep. p. 865. In the pre- 
sent instance, however, there will be more than one opinion as to the 
identity of the species here quoted. |-+- 7: africana, Gray, + 7. Hupet, Lorois 
+ T. intertincta, Hds.,+ T. margiaata, Desh., + T. albocincta, Cpr., + T. 
Hindsit, Cpr.,+ TZ. subnodosa, Cpr. 

72. Terebra armillata, Hdsa. “ Panama, Galapagos. Somewhat doubtful whether 
this is not a var. of 7. variegata.” pe the others are, probably this is. 
Those ies of Hinds, which Mr. Reeve has not altered, are not here 


Te ; 

Torebe disdocota [as Cerithium], Say. “Southern U. 8. and California.” [No 
authority given for Cal.) 

Terebra rudis, Gray, “ = M. rufocinerea, Cpr. 8. Carolina, Jay. Somewhat 
doubtful whether this is not a var. of dislocate.” e 7. rufocinerea is 
one of the difficult Mazatlan shells, and should share the fate of 7. Hindsti 
and 7. subnodosa. | 

$5. Terebra cinerea, Born. “W. Africa, Hennah; Japan, Hds.; Philippines, 

Cuming; W.1., C. B. Adams; Mazatlan, Cpr.” fie. Reigen. The same 
remarks apply to this group as to variegata, &c.|+ T. castanea, Kien., non 
Hds.,+ T. laurina, Hds.,+ 7. luctuosa, Hds.,+4- T. stylata, Hds.,-+- 7. Jamat- 
censis, C. B. Ad. 

40. Terebra aspera, Hds.,+ T. Pettvertana, Desh. Panama, S. A., Cuming, Bridges. 

2. Calyptrea torts, Rve. Galapagos, Cuming. 

8. Calyptrea alveoluta, A. Ad., MS. Galapagos, Cuming. 

4. Crepidula excavata, Brod. Chile) Cuming. 

6. ; ila nautilotdes*, Less., MS. in Mus. Cum. “New York.” [=C, 
ta. 

8. Crepidula marginals, Brod. Panama, Cuming. [V. Maz. Cat. p. 202, note.] 

10. Crepidula rugosa, Nutt. Upper Cal. [An accidentally ribbed specimen, 


fl from Mus. Taylor. 

11. Crepidula Jimbriata, Rve. (June 1859). Vancouver's Straits. [This is to 
failed cer Nutt., no. 97, as Lessonit is to squama ; simply an accidentally 

var. 

12. Crepidula adunca, Sby. [Not] Panama. =C. solida, Hds.,e:rostriformis 
Gld. [This fe the northern species from Vancouver and Cal, and is not 
=wuncata, Mie. 

18. Crepidula arenata, Brod. St. Elena (not Helena, Desh); Cuming. 

22. Crepidula aculeata, Gmel. Loboe Is., Peru Cuming; alifornia, Nedt., Cpr. 
(t.e. Mazatlan, Rewen]; Honduras, Dyson ; dw. Is, Austr., Kur- 


e 8 


* Several 8. American forms are here quoted for the synon haf because in Calyptraide 
eetlone often have a wide range, and should be otudiex in connexion with their 
n : . ; 
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rachee, mouth of Indus. + C. hystryz, Brod.,-+- C. echinus, Brod.,4- C. Cak- 
fornsca, Nutt. 
24. Crepidula rostrata, C. B. Ad. Panama. [=C. uncata, Mke., nom. prior. This 


tropical form. presents distinctive marks. 
28. Crepide exuviata, Nutt. Monterey. (=C. a, Gid.y= C. aoemare Gi 
An abnormal form of C. navicelloides, C. id., is 


the. opposite extreme. 

29. Crepidula bilobata, Gray [4.e. Cpr], MS. in Mus, Cum. [= C. dorsata, Brod. 
Vide Maz. Cat. no. , where th © origin of the MS. name would have 
been found vulate dy "It appears to principally : a northern species 
= ngulata 

80. Crepidula lirata, Rve. [Gulf of] California. [Intermediate form betweed 

8. Orucsbulun soutallatum, Grey. eC. rugosa, Leany eC. tm 
‘um ray. “=< C. rugosa, =: C. wnbricata, Sby., now 
Brod.” Payta, Less.; Punta St. Elena, Cuming. [ Vide Maz. Cat. ne. 343.) 
4. Cructbulum osum, “Desh., non Leas., = C. ria, Brod., P var. = C. gem- 
macea, Val.” Taland of Chiloé, Cumming. Vide Maz. Cat tp. 200. 
- 6. Cruccibulsem fi Servuginesin Rve. Ba fs nonin tion, Chili, [= ¢. =C. 
quiriquina, Less D’Orb., = C. ray, in Brit. Mos’ Mus. 
ro degraded form c of C. wrinanen| 
Crucibubem wnbr = C. red gud ” (ies Panama and Real Llej 
” corrupt, r. “Cal.” (Mazatlan, Jewett, 1866, p. p.204. 
m Ope, Ga [=C. tmbricatum, Sby., = C. pe 
tchatum, Gray, no. 2, var. 


Crucibulem | spinosum, Shy. of Central America. [Extends northwards 
to California; southwards it degenerates into C. J=C. pezza, 
| Gray, + C. hvsnda, Brod.,+ C. maculata, Brod.,+ C. tubsfera, Lees.,+ C. 
cinerea, Rve. 
11. Cructbuhem pectinatum, Cpr., P. Z. 8. 1856, p. 168. Peru. (Panama, Jewett. 
17. auritum, ye C. striata, Brod., non Say. vd ee 
asses into Galerus. 
21. Crucibuluem (erratum, Brod. see trane Llejos and Muerte, th perl ry 
ve 0 0 pectinatum ; near: nt; Ww: ite, wi e ra 
22. Can sordtdum, Brod., + C. aay, Brod. Val remy 
ing. [= Galerus; v. Maz. Cat. p. 292, note eet sis sul distribu tributes thé 
motets of this genus between Zrochita and Crucibulus. | 
4 Ree. asof] C.B. Ad. Panama. [The small var. of Galerus 
comcus. ue Probably = = C. aspersa, C. B. Ad., no. ‘4 
7. Trochita subrefiexa, Cpr., MS. in Mus. Cum. Gulf of California. [= Galerus 
. Troché Fictn Comp orybires a Brod. }. Callao, Chenes 
ita corrugata Peujus. Com yptrea corrugata, sng. 
8 Trochita ieee bas ) Pa P. irochsformis, Chem.” Gulf California. [ Vode 


10. Trochita wide ie (fRve.) Conch ue, Mus. Cum. [P= Galerus mamillaris. } 
11. Perna , Rve. March Califo us. Cum. [No autho- 


18, Perna Caloric zit ly Cnr, enw a ie Nett.) Hond 
ve., non] Conr i. 6. uras, 
1 ied be the Pedum-like form and aleded livid 


oe ple colouring wring. This : tbe well-known large tlat West Indian species ; 
not ifornia. | 
8. Umbrella oaks sin Ge Mouth of Chiriqui River, Ba, Bay of Panama, not] Chonseg 
ut rio The species was also found at Cape St. Lucas oy 


6. Lanthina ne Fr 4s, Lam.,= J. striulata, Cpr. Weat Indi Mazatlan, California 
az. Cat. no. 242: non J. striolata, Ad. and ve} 

19, Ianthina decollata, Cpr. Probebly=J. globosa, var. [Masz. Cat. no. 248. Of 

a the two Mas. forms, provisionally named, this appears the least entitled 
to 

40. Bre Rve. April 1858. Panama, Bridges. [Appeare the 
amall var. of C. major.) 

48. Cohunbella Botvins [= Boivms, Kien.]. Gulf Nicoyia, Hinds. 


6. 
8. 
9. 
10, 


ON MOLLUSCA OF THE WEST COAST OF NORTH AMERICA. 567 


46. Columbelia acicula, Rve. California. [No authority. 
56. Columbella encaustica, Rve. Gulf Californie Tet. ‘ipley, Mus. Cum. 
57. Colembella vexillum, Rve. Gulf California. [No authority. ] 


62. Cohembella cribraria, Quoy and Gaim. [i.e. Lam. ]=C. gudtata, Shy. Panama, 
common under ‘stones, mg. o other localities given. V. Nits- 


della cribraria, Mas. Cat. no. 613. 
72. Columbella electroides, Rve. Bay of Guayaquil. 


74. Colnbella Pacifica, Gask. Galapagos. 
109. Columbella , Sby. Island of St. Vittcent, W. I. “= Nittdella Gouldis, 
Cpr.” [The Nitidella is a distinct Upper Californian species. 
120. Columbella , Rve. Gulf Calif, Mr. Babb, R.N. [A Nitsdella, so tran- 


t that the axis can be seen throughout. | . 

122. Columbella Sta-Barbarensis,Cpr. Sta. Barbara. ‘ Not merely faintly striated, 
teste Cpr., but unusually grooved.” [Described from a worn specimen 
in Jewett s Col., and named to mark a more northern limit to the genus 
than had been assigned by Forbes. The label was probably incorrect, as the 
shell lives in the tro ical fauna, C.S. Lucas, Xantus: Acapulco, New- 
berry; Guacomayo, Mus. Smiths. The name (as expressing error) should 
therefore be altered to C. Reeves, pr] 

128. Columbella spadicea, Phil, MS. in Mus. Cum. Mazatlan. [Described by 
Phil. in Zeit. f. Mal. 1846: B. A. Rep. Be 225. ] 

180. Columbella venusta, Rve. ([Mazatlan, EF. iigp*. =C. taniata, Phil. [in 
Zeit. f. Mal. 1846], not Ad. and Rve., [ Voy. Samar. 1850; therefore Phil. 
has precedence. P= Anachis Gaskoines, Maz. Cat. no. 652. The Sama- 
rang shell is probably a Nitsdella. | . 

182. Columbella sulcosa, Sby. Annaa and Ld. Hood's Islands*. Cuming. 

185. Columbella Gould, Agass., MS. in Mus. Cum., Nov. 18568. [=Amyela Goul- 
diana, Agass., Atlantic; non Nitsidella Gould, Cpr. ] 

142. Columbella uncinata, Sby. Is, Muerte, Bay Guayaquil. [Acapulco, Jewett. ] 

165. Columbella Californica, Rve. April 1859. ifornia. iN o authority. 
Like Anachis lirata.] 

176. Columbella rorida, Rve. Lord Hood’s Island*, Cuming. (['Transparent, 

lossy, with necklace of opake white dots. | 

Genus Meta [ = Conella, Swains, eliminated by Rve. from Columbella; but Anachis, 
Strombina, Amycla (pars), and Mittidella, which do not even belong to 
the same family, if the opercule are to be trusted, are left in the old place. 
Of the six species, the author only knew the locality for one], A. Dupontia, 
Kien.—Ichaboe, South Africa; [but that of] M. ovuloides, “C. B. Ad., 
MS.” [is shown by his published works to be Jamaica; and the following 
are from the West Coast]. 

8. Mea cedonuli, Rve. [La Paz, Mus. Smiths.; C. 8S. Lucas, Xantus; Panama, 
ewelt 


4, Meta consformis, Shy. [P Panama, Jewett. | 

24. Ziziphinus luridus, Nutt., MS. in Mus. Cum. Californie. [Is not known from 
the American coast ; comp. Sandwich Islands. ] 

25. Zisiphinus eximius, Rve., P. Z. S. 1842. Panama, sandy mud, 10 fms. 
= T. versicolor, Mke., 1850,=Z. Cakfornicus, A. Ad., 1851. Scarcely 
iffers from “ Javanicus, Lam.,” in Mus.Cum. The form was dredged by 

. Mr. A. Adams in the eastern seas | 

31, Zezsphsaus Antonti, Koch, in Phil. Abbild. pl. 1.f.4. Australia. cf Bcarcely 
differs from the shouldered var. of Calls lima (Phil.) C. B. Ad, 

. which is called eximsus, Rve., in Brit. Mus. Col. ] 

23. Trochus Japonicus, Dkr., [represents Pomaulaz undoeus on the east side]. 

24. Trochue Desh. Distin inct from sungets, with base like gibberosus. 
Central America. . e’s distinct shell is perhaps not that of Desh., 
and not from the West Coast. | 

26. Trochus undosus, Wood,= T. gigas, Anton. California t. 

* Vide Report, 1856, p. 168, note §§. 
+ Mr. Reeve states that, although this species is most like gibberoeus, “Mestre. Gray and 
Adams contrive to place them in different genera.” It is still more remarkable that, while 
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39. Zrochus aurspigmentum, Jonas. Panama. [Probably not from W. Amorica” 
17. Phasianella perforata, Phil. Mazatlan, Panama+ Pr. compta, Gid.* Rather 
out of place ¢ ; has neither form nor texture of Phananella. {The aberrant 
form is due to the figured specimen being quite young; the adults in 

Brit. Mus. Col. prove the texture, colouring, and operc. to be normal. | 
Genus Simp s. This group, intermediate between Vitrina and Steecines, is 
stated to be peculiar to Brazil and Mexico, where Vetrina is not known. 


In the Monograph of Terebratylide, which is prepared with unusual care, 
and the general introduction to which is well worth attentive pcrusal by all 
students, occur the following species which bear upon the West Coast fauna 
or synonymy :— 

2. Terebratula (Waldheimia) dilatata, Lam.,=T. Gaudtchaudi, Blainy. “Str. 
Magellan,” teste Gray, in Brit. Mus. Cat., without authority. [TheE E. 
specimens varied considerably in outline ; and according to Darwin, and 
what we know of the variations of fossil species, it is quite possible to 
believe that this and the next species had a common origin. The great 
development of this most interesting form in the cold regions of South 
America is extraordinary. 

8. Terebratula (Waldhcimia) ylobora (Val.), Lam., from type. = 7. Californica, 
Koch. “California, Coquimbo. Californian form well known; small 
specimen in Mus. Taylor, marked ‘de Coquimbo.’’? [There appears 10 
authority for the general belief that this fine species is Californian. It was 
taken in abundance by the naturalists of the U. S. E. E. at Orange Bay, 
Magellan. The Californian shell, which is probably the original Ca- 
fornica, Koch. (not of authors) is a distinct species, teste Rve. from Dr. 
Cooper’s specimena. - 

7. Terebratula (Terebratulina) radiata, Rve., Mus. Cum. ? Straits of Corea, 
Belcher. [Very like the adult of 7. caurina, Gid. | 

11. Zerebratula ura, Brod. Bay of Tehuantepec, Guatemala; 10-12 fms. sandy 
mud, on dead bivalve. Capt. Dare. Mus. Cum. and De Burgh. [The 
analogue of 7. vitrea, Med. 

16. Terebratula (Terebratulina) Japonica, Sby., = T. angusta, Ad. and Rve. Corea, 
Japan, ‘Represents 7. caput-serpentis, and probably the same.” 

28, Terebratula physema, Val., MS. (unique), Coquimbo. Gardichand, 1833. 
May be a colossal, broadly inflated var. of glodosa. ae 

6. Orbveula Cumingii, Brod. [Besides information in Rep. pp. 183, 244, 1s Od. 
Is, Cafian, Guatemala; sometimes 6-18 fms., Cuming. O. strigata, Brot, 
is a leas-worn state of this species. [The type-specimens of Discina #rt- 
gata in Brit. Mus., on Pecten ventricosus, appear very distinct, and a 
unusually shelly for the genus. ] 


excluding Ziziphinus (= Calliostoma), Mr. Reeve “ contrives to place”’ in Trochus animals 
shown by the opercula to belong to different subfamilies, as though we knew no more than 
in Lamarck’s days ; his motley group containing Imperator (= Stella, H. and A. Ad.)+ 
Lithopoma + Guildfordia+ Chrysostoma + Bolma + Modelia +- Polydonta + Tectust 
Pomaulaz+ Astralium+ Pachypoma+ Uvanilla. Also ina family the genera and speci? 
of which are mainly recognized by the base and mouth, most of the shells are only f Ne 
on the back. Very often the characters of the aperture are not even stated. Remarks ‘ 
liberties are, moreover, sometimes taken with geographical facts, to the great astonisbmen 
of Americans, who ex even their schoolboys to avoid such statements as at sp. 57, i 
diminutious, Rve., “ Oahu Islands;” and at sp. 1, Lingula ovalis, Rve., “ from W. 2. 
Pease, Esq., residing at Honolulu, one of the Sandwich Islands.” Me 
* P. compta is a distinct Californian species; its Pvarieties pass into pelle. I "y 
Reeve can be followed in uniting to pulla, pulohella, Recl. ;-+ affinis-+-tesseliata--pelon” 
+concinna, C. B. Ad. ;+tenuis, Phil. ;-+intermedia, Scacchi ;+ is, Dir. + ta 
gata, Krauss, Gould’s species should join this goodly company, ra than perfor cise 
The same standard of union followed among the large shells would greatly lesect the 
of this costly work. allied 
t Bois s Fhasianella rubra, Pease MS., sp. 18, which belongs to Aleyra, A. Ads 
to . 
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7. Orbicula ostrecides, Lam.,= O. Norvegica, Sby. (non Lam.) + O. striata, Sby. +- 
Cranta radioea, Gid.+-O. [ Discina] Evansti, Dav. PN.W. Africa. “The 
locality, ‘ Bodegas, Cal.,’ given by Mr. D. with O. Evanets, on Mr. Cuming's 
authority, must, I think, be a mistake.” (The genus has not been found 
on the Californian coast by any American collector. 

8 Venus* grata, Sby.,+tricolor, Sby. Gulf of Mexico, Mus. Cum. [= Tapes 
grata, Say, Panama. The locality-labels have ‘probably been misplaced. 
These specimens are undoubtedly from the West Coast, nor has any 
authority appeared for the species in the Atlantic. The Gulf of Mexican 
“ analogue is T. granulata. The forms are intermediate between Chione 
and . 

O. Venus  atooasva, Sby. Bay of Panama, in coarse sand at low water, Cuming. 
“Probably = V. Zssteri,var., with ribs more tumidly thickened and rounded.” 
[The Weat Coast shells are distinguished by the very slight crenulation 
of the riba at the sides. | 

19. Venus asperrima, Shy. Guacomayo, Centr. Am., sandy mud, 18 fims., Cramning. 
“A form of pectorina; shell of lighter substance, broader and more de~ 
pressed ; sculpture more elevately and definitely latticed.” (This is the 
shell named by Mr. Cuming V. cardtoides, Lam., and should take that 
name, as prior to Sby.’s, if really distinct from pectorina. Also from 
Panama. Mus. Smiths. | 

22. Venus discors, Sby., jun. St. Elena and Guacomayo, Centr. Am., sandy mud, 
6-9 fms., Cumsng. “Concentric decussating ridges cease abruptly at the 
posterior third.” [Character very variable, even in the type-specimens ; 
z= T. grata, Say, var.) 


25. Venus pectorina . 944,-+4 V. cardioides, Lam. Centr. Am., Mus. Cum. 
[ Probably Atlantic P much heavier and stumpy ; sculpture coarser ; teeth 


more like castna, whereas cardtotdes, no. 19, has a long anterior tooth 
; like sugillata We 
26. Venus cingulata, Lam.,=pulicaria, Brod. W. Columbia, Cuming. [= PV. 
Pinacatensis, Sloat, MS. in Mus. Smiths. Guaymas. The peculiar 
smoothing-off of the central sculpture in the adult may be varietal. It 
is improbable that Lam. was acquainted with the species. | 
83. Venus crenulata, Chem.,=crenata, Gmel. W.I. = V. erimnia, Phil.,4+ V. ere- 
nifera, Sby.,+ V. Portesiana, D’Orb. [Not to be confounded with the 
. crenifera, Maz, Cat.: has a emall Cyprinoid lateral tooth, but no 
radiating ribs near lunule, nor long anterior tooth t.] 
85. Venus Califormensis, Brod.,= V. leucodon, Sby. Guaymas, Gulf Cal, sandy 
mud, low water, teste Cuming. Mus. Cum. [= V. crassa, Sloat, MS. in 
Mus. Smiths. Not V. Californiana, Conr.,=V. simillima, Sby. This 
ies, with V. neglecta, compta, &c., having the mantle-bend nearly 
obsolete, approach Anomalocardia subimbricata, and with that species 
form a natural group, differing from the typical Venus as Lioconcha does 
succincta, Val 


from Calista := V. . 
41. Venus Kennerleyi, Cpr., MS.{ in Mus. Cum. Hab.—? [Puget Sound, 
43. Venus sugillata, Rve. California, Mus. Cum. Characterized by the shining 


purple umbos, finely latticed sculpture, dark-stained lunule and li 
mentary area. [= V. erentfera, Sby., teste Rve.,” Maz. Cat. no. 106, 
in all casential characters. Differs in the long anterior tooth being still 


af Through the kindness of Mr. Reeve, with a view to the completion of this Report, 
I was enabled to compare the figured specimens in this genus with the text, and with 
the shells of the Smithsonian collection, before they were distributed. The bracketed notes 
in the text are based on this examination. They are given with unusual detail, because 
of the unique opportunity of throwing some light on a confeasedly difficult family. 

+ Thee of the teeth and pallial line frequently afford satisfactory diagnostic 
marks between critical apecion, which are often overlooked by monographers. 

~ The descriptions of Dr. Kennerley’s shells had long been written, and would have 
been published but for the American war. The localities of all the West Coast shells sent 
from the Smiths. Col. to Mr. Cuming were duly marked in the accompanying catalogues. 
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longer, and in the le colour. This, however, in the figured apeci- 
men, has been brou, tout by the free use of acid, and the markings have 
been considerably obliterated by the “ beautifying” process. ] 
44. Venus simillima, Sby. San Diego, Cal. “ Resembles V. compta in detail of 
scul ” (but perfectly distinct, belonging to the a Ma group. 
It shows the evil of the very brief dingnoses of the earlier conchologist 
that so discriminating an author as Mr. Conrad should have taken this 
shell for the V. Cakformensis, Brod.; and, quoting it (laps) as V. Cah- 
orniana, redescribed the true V. Cakforniensis as V. Nedtallei. It is 
own by the great closeness of the fine sharp ribs. ] 
46. Venus=crenulata, no. 38, very distinct var. Gulf Cal.; more globose, interior 
purple rose. [This was sent as “Cape St. Lucas, Xantus.” appesis 
y distinct from the W. L er and to be the normal form 
of which pulicarta, no. 26, is an extreme var. Inside, and outside in 
the adolescent state, they agree exactly; differing outside, in the adult, 
in smoothed-off ribs and more distinct -markings. Mr. Reeve, however, 
still thinks it more like crenifera. It may stand as “? var. lilacina.”) 
47. Venus gibbosula, Desh., MS. in Mus. Cum. Hab, P— [Guaymas := V. Cortea, 
Sloat. This is the more rounded and porcellanous form of V. fluctifraga, 
= V. Nettalii of Brit. Assoc. Report, and Nuttallian paper in P. Z. &. 
1856, p.21; but not the true V. Deuttalli, Conr., v. snfra, no. 49. Interior 
margin very finely crenated on both sides of the hinge. | 
48. Venus compta, Brod. Bay of Sechura, Peru, coarse sand and mud, 7 fms., 
ing. [This rare species seems to represent V. Cakifornienns in the 
South American fauna. It is well distinguished by its shouldered form, 
produced ventrally, and by the Circoid pallial line, far removed from the 
in. Guacomayo, Mus. Smiths. ] 
49. Venus , Conr. California. {Named from , teste Conr. ips., ¥. 
anted, p. 526. This is the dull northern form of V. snecineta, a3 fuuct 
fraga is of gibbosula, the species appearing nearly in the same als ip 


though 
inted) and Cakfornienss (though rounded) appear the same; bat 


51. Venus mundulus, Rve. Hab. P— [This shell was obtained by Dr. Stimpson 
in the N. P. Expl. Exp., and bears the Smiths, Cat. number “1845. San 


is V. 
bifid teeth it is a true Zapes. | 
52. Venus intersecta, Sby. Puerto Puero (? Portrero], Centr. Am., Cuming. 


> but the 
9 
; ight mislead, the colour-lines appearing as ribs. | 
54. Venus subrosty ata, Lam. * vi. p. 348, = V. neglecta, [ ay SPY Hab. a7 
e . 
marckit, the species was lost sight of till Sby. renamed it.” [ e Lamarck- 
fan species was probably Weat Indian. ~ V. neglecta‘closely resembles 
ormiensis, but has the ligamental area smooth only 


species, which may easily be confounded with the Californian. Althongt 
. both may be obtained at the Sandwich Is., there is no evidence that emer 


® In critical species, when it is impossible to be positive which of two or more ¥™ 
intended by an old author, it appears beet to retain the name of the first dcr fore 
The old name belongs to the | form: the discriminator ought to retain 
part; but if that has not been done, it svoide confasion to drop it. . _— 
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lives there. The shell here fi is beaked like Nudétalli, no. 49; lu- 
nule very faint; concentric ri very faint, but sharp; radiating ribs 
very coarse. Inside deeply stained ; margin not crenated on the sharp 
anterior edge, though faintly on the lunule; hinge-teeth stumpy. ] 

60. Venus muscaria, Rve. Hab.P— [Has the aspect of a West Coast species, 
between cardioides and fine var. of staminea; sinus large; teeth strong, 
not bifid ; lunule with radiating ribs.) 

68. Venus undatella, Shy. Gulf Calif. [Nota satisfactory species, the type 
having the aspect of a poor specimen altered for cabinet. The “sculpture 
much changing in its development towards the margin” is an accident 
often seen in the cancellated species. Similar specimens of V. neglecta, 
no. 54, collected at Cape St. Lucas by Mr. Xantus, agree with undatella 
in all , except that this is violet within, neglecta being white. 

Ligament-area (as in neglecta) smooth in one valve only. 

77. Venus Adams, Rve. Japan. [Closely related to Tapes lacinsata, San Diego, 
in size, aspect, hinge, &c. Differs in mantle-bend being not so long or 
pointed, and the radiating sculpture much finer:< V. rigida, Gld., MS., in 

timpson’s list; non Gid. in ‘ Otia.’ 

80. Venus ornatisssma, Brod. Panama, sandy mud, 10 fms., Caning. Still unique. 
[Like V. gnidta, jun., but radiating ribs coarser and more distant; con- 
centric frills not palmated ; lunule pale, laminated. | 

87. Venus calloea (Sby., non] Conr. Sandwich Is. and Calif. { Vede note to no. 
59. Thisis the V. Nuttalks of the Brit. Assoc. Report. Those who regard 
it as distinct from ifraga, of which , no. 47, is the extreme 
form, may retain the name callosa of Sby., but not of Conr. Conrad’s 

ies = C. nobilis, Rve.; differing from the true Calliste, as Mercenaria 
oes from Venus, in having the ligament-plate rugose.] = V. flucttfraga, 

Sby., teste Rve. in errata. 

106. Venus bdslineata, Rve. Gulf Calif. Partakes of the characters of compta 
and subimbricata: all three may indeed be different states of one and the 
same species. [The shell figured at 105d has all the peculiar features of 
compta, which are clearly marked within; only the concentric waves are 
closer than usual. The shell figured at 105a ap to be the true em- 
datella, only in fine condition, the type being rubbed. It has exactly the 
same internal characters, including colour; only the colour-lines outside 
are arranged in rays instead of Ys. Mr. Reeve, however, retains his differ- 


ent opinion. 

116. Venus Cypria, Sby., P. Z. 8. 1852. Is. Plata, West Columbia. [From same 
district, teste Schott in Mus. Smiths.) Has all the appearance of being 
an attenuately produced form of the West Indian V. paphia [which is 
also from Cape Verd Is., teste Macgillivray in Brit. Mus.]. 

11. Dione * maculata, List. West Indies; Brazil; Pacific Ocean. Widely distri- 
buted in both hemispheres. [No authority for the Old World; the Pacific 
shells are Callista china var. : 

15. Dione nobitis, Rve., 1849. Cal. [=C. ealloea, Conr., 1887, The original 
name, from , had been communicated to Mr. R., but is not quoted. 

20. Dione semi. t, Gaud., = C. ja, Lees. Centr. Am. [ =depinaria, 
Maz. Cat., no. 95. Vode Delees. . Coq. pl. 19. f. 2: “ China Seas,” no 


authority. 

21. Dione breweoinata, Rve.,sxbrevispina, Shy. (Gulf of) California. (Scarcely 
differs from C. rosea, jun. 

23. Dione multiapinosa, Shy. Peru. Concentric ridges thinly laminated ; spines 
slender and numerous. {An extreme form of the Pacific C. Dione (teste 
Hanl.) ; distinct from sennlamelloea. 

23. Dione Veneris, D’Arg. Conch. pl. 21. f. 1,== V. Dione, Ln. Weat Ind. and 


© The figured types of this genus had been accidentally mislaid ; and might alter the 
judgments given in the text. 

t ‘ For obvious reasons, I think it beet to abandon the foul name given to this lovely 
species by Lesson,” Rve. (Vide Mas. Cat. p. 70, note.) ? Would not the same reasons | 
lead to the diteration of mc, ctria, impudica, &o. 
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Centr. Am. [The Pacific shells should rank with species 22, if sup- 
posed distinct. The fig. is 24, not 23.] 

24. Dione exspinata, Rve. Centr. Am. Distinct, if the others are; like semtia- 
mellosa, without spines. [Appears to be C. rosea,jun. The fig. is 23, 


not 24. ] 
25. Dione circinata, Born. Mazatlan, Mus. Cum. {without authority. =I. 
28, a,6.{ rubra, Gmel.,+ V. Guineensis, Gmel.,+ C. alternata, Brod. [f. 28 repre- 


sents alternata; the other figures appear to be from West Indian spe- 
cimens, though that ancient locality is not mentioned. Several of the 
reputed Weat Coast shells are, however, of the typical form and colour., 
$8, Dione unicolor, Sby., = Chione badia, Gray, = Cyth. ligula, Anton. W.Columbis, 
38. Dione prora, Conr. ‘Cape St. Lucas, tus, California; C ter.” 
A very distinct form among the thin inflated species ; only yet found at 
the Sandwich Is, v. no. 45. 

45. “(Mus. Smithsonian Institute of N. America.) This shell, from Cape St. 
Lucas, Xantus, California, proves to be the Dione prora (Cytherea prora, 
Conr.) of our preceding plate.” [Mr. Sowerby's figure well represents 
the unique specimen from Cape St. Lucas, which was taken alive by Mr. 
Xantus. The quotations in Conch. Ic. would lead to the inference that 
“ Xantus ” was regarded as that part of “ California” in which Cape 51. 
Lucas is situated. Both the external and internal characters require 
that a separate name be given to the shell, which stands as Calkste pol- 

hearts, Annals Nat. Hist. vol. xiii. p. 312.] 
46. Cytherea consanguinea, C. B. Ad. Mus. Cum. Apparently a small spe- 
cimen of a variety of C.leta. [Panama. Differs from C. leéa in inter- 


63, Dione panos Koch, + Callista puella, Cpr. Chili, 
2. Dione pannosa, Sby.,= Cytherea lutea, Koch,+ Calista p pr Cl 
Peru, Mazatlan. [No authority for Mazatlan, The name given 


to the Cape St. Lucas specimens was intended as varietal ; altho 
Mr. Cuming regards the Peruvian and Peninsular forms as distinct. |t 
is not known along the Central American coast. 

25. Circe nummulina, Lam. “Central America.” robably not from the 
American seas. Admiral Sir E. Belcher is, however, confident that he 
dredged many well-known E. Indian forms in deep water, off San Blas.) 

27. Cytherea. In this genus are grouped the Trigone ; besides the typical species, 


=: Meretriz, Gray. 
3. Cytherea crassatelloid es, Conr. “ Bay of California.” [Not known geogre- 
hically. The shell is not found in the Gulf, being a most characteristic 


alifornian species. San Francisco, 8. Diego &c. 

27. Cytherea radiata, Sby., +C. gracihor, Sby.,= . Salangensis, D'Orb.= T. By 
ronensts, Gray. Sal and Xipixapi, 9 fms. sandy mud, Cumsng. 

45, Cytherea nitidula, Lam. Mediterranean. [The figures and deseriptious of 
Sby. and Rve. well represent specimens from Cape St. Lucas, Xantw. 
Perhaps not identical with Lam.’s species. } _ 

9. Tapes grata, Desh. Philippines. [May stand as 7. Deshayest, if it be con- 
ed that Say’s V. grata ranks best with Tapes. | 

7. Solartum granulatum, Lam. Mexico. 

8. Solarium verrucosum, Phil. W. Indies. P=S& granulatum, var. 

18. Solarium placentula, [Rve. = placental, Hds. Bay Magdalena, 7 fms., Belcher. 

19. Solarium quadriceps, Hds. Panama. Young state of same type as ep. 7 and 8, 
‘from same locality (Pan., Mex., W.1L),” but grows muc r. [The 
Texan shells in Mus. Smiths. are as large as those from Cape St. Lucas: 
the variations on each coast are coordinate. | 


63. Kiener.—The following species may be added to the list quoted from 
¢¢ Coquilles Vivantes,” in Rep. pp. 293, 294 :— 
Page. Pl. Fig. « 
15. i ri Conus regius, Chem., = C. princeps, Ln., W. Mexico. 


219. 1100. riet Conus Largilierti, Kion. Mexico. [Coast not stated.] 
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PL : 
a8, 98. “" Conus Philippi:, Kien. Mexico. Coast not stated. } 
65. 27. 8. Pleurotoma triticea, Kien. Indian Ocean. [Probably Cithara 
stromboides, Val. ; Cape St. Lucas. ] 
45. 9. 2. Columbella suturalis, Gray (Griff. pl. 41. f. 2)=C. costata, Ducl. 


Mon. gl. 12. f. 1,2. Pacific, Coasts of Peru [= Anachis fluc- 
tuata, Sby. }. 


46. 16 4. Columbella Soto, Kien. Hab. ?— [=A rugosa.] 


64, 65. (German Authors.) Pfeffer.—Everything relating to the land- 
shells of North America will be found so thoroughly collated in the works 
of Mr. Binney (v. infra), that it is only judged needful to present here the 
most important references to the writings of the great authority on the 
Pulmonata, The student must necessarily consult the ‘ Symbolse ad Histo~ 
riam Heliceorum, Cassel, 1841’ e¢ seg., which contains the following ori- 
ginal authorities :-— 


1846. p. 89. Achatina Californica, Pfr. Monterey, Cal. 
91. Achatina (Glandina) turris, Pfr. Hab. ?— [Genus altered to Oleacina, 
Mon. Hel. iv. p. 640. Maz. Cat. 231] 


In the same author’s great work, ‘ Monographia Heliceorum Viventium,’ 
Lipsize, 1847-8, occur— 


- Vol I. 1847, 324. Helix Sagraiana, D’Orb. Cuba, California. [Sowerby's 
error, copied by succeeding writers. The species is ex- 
clusively Cu 

338. Hekx fides, Gray. Oregon.= H. Nidtaliana, Lea. 

839. Helix Californiensis, Lea. California. + H. Nickliniana, 

. Lea. [Quoted as a distinct species in Vol. IV. p. 260.] 
(Vol.8. 229. =H. arboretorum, Val.) 
841. Hehz Townsendiana, Lea. California, 
(Vol.8. 220. =H. is, Gid.,+ruida, Gld.) 
428. Helix Oregonensis, Lea. Oregon. 
(Vol.4. 227. =Z. Dupetithouar sis teste Pfr.) 
Vol. TT. 1848. 101. Budimus Mexicanus,Lam. Tabasco, Mexico, =H. (Cochlo- 
gena) vittata, Fér. 
(Vol.4. 402. =Orthalicus M., Cpr.) 

148. Bulimus zebra, Miill.* Mexico, &c. = Zebra Miilleri, Chem. 
=Bukmus undatus, Brug. * = Orthalicus livens, Beck °, 
+B. princeps, Brod. +B. melanocheilus, Val. 

231. Bulimus (Cochlogena) melania, Fér. California.== Melania 
striata, Perry =B. borinus, Brug. 

Vol. I. 1858. 127. Helix Pandora, Fbs. St. Juan del Fuaco. 

(Vol 4, 3847. =H. Damascenus, Gld.) 
415. Bulimus Humboldti, Rve.=B. Mexicanus, Val. [P non Lam.] 


Mexico. 
422. Bulimus Calsfornicus, Rve. California. 
VoL IV. 1859, 89. Helis Mazatlanica, Pfr. n. 8. (Mal. Blatt., Apr. 1856, p. 43.) 
azatian. 


268. Helix erarata, Pfr.,n.s. California. 

270. Helix reticulata, Pfr. (Mal. Blatt. May 1857, p. 87). Cal. 
276. Helix Mormonum, Pfr. Mormon Island, California 

347. Helix cultellata, Thomson. Contra Costa Co., California. 
850. Hex arrosa,Gid. Hab. P— (California. ]+ eruginosa, Gd. 
420. Bulimus chordatus, Pfr. ( Bhitt., April 1856, p. 46.) 


Mazatlan. 
472, Bulimus Zegleri, Pfr. (Mal. Blatt., Dec. 1856, p. 282.) 
Mexico, = Orthalicus Z., Cpr. 


* These appear as three distinct species in Vol. IV. p. 588-9, with the addition of B. 
longus, Pfr. (= Orthalicus 1., Mal. Blatt., Oct. 1856, p. 187.) 
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In the ‘ Monographia Pneumonopomorum Viventium, &c., Cassellis, 1852,’ 
by the same learned author, the following is the only species which occurs :— 
Suppl. 1858, Vol. II. p. 7. Trumeatella Cakfornica, Pfr. San Diego. 

In Wiegmann’s ‘ Archives fiir Nat.,’ 1837, vol. i. p. 285, occurs the fol- 
lowing species, also without authority :— 

Perna quadrata, Anton. California. 

In Troschel’s ‘ Archives fiir Natur’ are quoted the following :— 

1848. Vol. II. p. 140. Fusciolaria suleata, Less. Acapulco. 
1849. , p. 98. Terebratula Cakforneca, Linsley. 

In the ‘ Abbildungen und Beschreibungen never oder wenig gekannter 
Conchylien, herausgegeben von Dr. R. A. Philippi,’ Cassel, 1845-51, are 
figured the following, which must be quoted as being original descriptions, ot 
for the synonymy :— 


Page. Pl. Fig. 
Feb, 1846, 4. 1. 9. Cyrena solida, Phil. California, &. 
Aug. 1846. 24.4. 7. Tellina pisiformis,Ln. Mazatlan, &c.=0.L. pulchella, Ad 
; P= Cardrum discors, Mont. ; 
Oct. 1844. 4. Cytherea Dunkeri, Phil. W. OC. Mexico.=C. Paeyics, 
Mus. Berol., non Dillw. 
Apr. 1847. 388.7. 1. Cytherea (Artemis) gigantea, Sby. California. P=Ar- 
temts ponderosa, Gray. , ; 
1845. 1. 1. 1. Murex nigritus, Phil. P W. C. Mexico. 
April 1847. 11. 7,8.1. Haliotts fudgens, Phil. ? California. = H. splendens, Rve. 
Oct. 1846. 6. 2. 1,10. Turbo Fokkesti, Jonas. Gulf of California. 
8. 2. 9. Trochus strigilatus, Ant. California. = 7. pellse-serpenhs, 
July 1844. 7. 2. 5. Patella (Acmea) discora, Phil. Mexico. 
April 1850. 9. 2. 8. Lescina obliqua, Phil. ? W.C. America. 
9. 2. 9. Lucina pisum, Phil. Mazatlan. . 
2. 1. 8. Pecten tunica, Phil. “Sandwich Islands*. 2 2. 


Philippi.” Jan. 1844. (=P, latiauritus, Conr., teste 
ni. §S. Diego, &c.] — 
5. 1. 6. Pecten Fabrieis, Phil. Greenland. [=P Jslandicu, 
jun. Non P. Fabreen, Gid., = P. indosi, jun 
11.6. 9  Litorina aberrans, Phil., P. Z. S. 1845, p. 142. Pr 
nama, on rocks. f= Tall var. of L, conspersa. | 


In Dr. L. Pfeiffer’s ‘ Novitates Conchologics,’ Series II., Marine Shells, by 
Dr. W. Dunker, Cassel, 1858, occur the following species from Sitka :— 


Page. Pl. ig. 

rl 34. Tritonium carinatum, Dkr. Sitka. (Should be pl. 2. £3, 4] 

[=T. an m, Morch, on plate. } 

2. 1. 1,2. Tritonium Morchianum, Dkr. Sitka. (Should be pl. 2. £. 1, 2. 

8. 2. 5,6. Tritontum rutilum, Morch. » {Should be pl. 1. £ 5,6 

4. 1. 5,6. Tritonium Rombergi, Dkr. » {Should be pl 2. £ 5, 6 

2. 2. 3,4. Neptunea harpa, Mirch. » {Should be pl. 1. £ 8, 4 

7. 2. 1,2. Neptunea castanea, Morch. » [Should be pl. 1. £ 1,2. 

= WN. badia, on late. C al.] 

$5. 10. 6, 7. Murex ( Hemifusus) B |, Hds., var. P— (= Chorus B., L. mies 
89. 12. 7-9. Cytherea (Tivela) arguta, Rdm. Isthmus of Panama. 


C. (Trigona) mactroides, Born. [Probably Caribbean] 
66. British Museum Collection.—*“ Lunatia ravida, Souleyet, Panam 


* A large number of Californian shells have been assigned to the Sandwich Is., arent 
sequence of the abundant trade between the two localities. They msy often a ber. 
obtained at Honolulu by naturalists, who had no reason to doubt their bs lira oer 
All that is known of the genuine Hawaian fauna will shortly be published . 
erby, for W. H. Pease, Esq., of Honolulu, 
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is given without authority; and the locality is probably erroneous. Various 
other shells are scattered in the national collection, assigned either generally 
to the West Coast or to special localities, which it has not been considered 
needful to tabulate without confirmation. 

68. Various sources.—Under this head may be arranged gleanings from 
European authors not consulted in preparing the first Report. _ 

In the ‘ Histoire Naturelle des Coquilles,’ by L, A. G. Bosc, Paris, 1830, 
the following species, not previously quoted, are assigned to the West Coast, 
but without authority :— 


Vol 

Mil. fi. Venus paphia. W. America 
280. Nerita ans, Bosc. W.C. America, 
200. Natsca rugosa, Chem. ” 

IV. 60. Hekz peregrina. Islandon _,, 


152. Trochus solaris. ” &e. 
156. Trochus radiatus. ” &c. 
219. Murex kima. W. 0. N. America. 


In Lesson’s ‘ Illustrations de Zoologie,’ Paris, e9I-2, appear— 


2. Trak SNe tomon Seas of World. Trichotropis 
a 88 otr ensts, n. Seas of New xx Tr Y 
(582) bicarinata, Br. & Sby.= Turbo bicarinatus, Shy. 
48. Terebra Siammea, Lees TPs T. strigosa}, Antilles ; Isth. Panama, 
6L Tegula elegans, Less. [= 7. pellis-serpentis}. Isth. Panama. 
The following West Coast shells are named and figured by Dr. Gray in 
‘Grifith’s Edition of Cuvier’s Animal Kingdom,’ London, 1834. In some 
instances there are also a few words of description :— 
Plate. Fig. 
" 18 a. 
41, 5. Turbenella ceratus [P Terbinellus]. 
6. Columbella suturalis (Kien i ingates this shell for Anachis fuctuata, Bby, 
1832. The original might stand for many species], 
. Nassa Northie [= Northia serrata, Kien. |. 
Torche Africana. marion hell, Ce eerain OB Ady} 
a e 8 = ata. 
Triton (Pusto) elegans [ = 2 Pusania insignis, Reve’ 
Columbella harpaformis Ls harpiformis Sby.). 
Clavatula Griffthit. [Probably = Pt. funiculata. The shells in this plate 
are reversed, but are repeated correctly in pl. 37 *.] ° 
Cytherea Dr onea, var. [=C. semilamellosa, Gaud.; perhaps intended for 
C. dione, var. }. 
In Woodward’s most valuable * Manual of the Mollusca, Fondon, 1851-6, 
the following species are quoted as from “ California ” 


is. 5. *e Cancellaria reticulata, Dillw. (PW. Indies. } 
171. Physa Maugere. [? Ecuador.] 
$20, 23. 22. Parapholas bisuleata, Conr. [v. Rep. p. 265. Not known from the 
Californian or W. Mexican coasts. Resembles P . calve}. 
In the very valuable handbook of bivalves, ‘ Recent Shells, by 8S. Hanley, 
London, 1842-56,’ will be found either quoted or original diagnoses of all 
Weat Coast species known to the learned, patient, and minutely exact com- 
piler. As the locality-marks are simply transcripts, they are not here repeated, 
especially as “California” is used for both the temperate and the tropical 
faunas. The following synonyms will be serviceable to the student :— 


TE olen tors Conr., P= 8. &. Domi + Colifernianes Upper Cal. 
28. Ladraria lineata, Say, = ( Nuttalla (teste Hanl., Pron] Conr. 
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Page. 
72. Tellina tnconspicua, Br. and Sby., ? = Sanguinolaria [ Californiana, Conr., non, 
Susca, Conr. [=the Eastern species Loaf 
In the Appendix are the following species, of which small figures are given, 
to correspond with those in Wood’s Ind. Test :— 


e. Pl. Fig. 
880, 13, 56: Periploma obtusa, Hanl. W. America. 
841. 12. 5. Amphidesma proximum, C. B. Ad.,=.A. corrugatum, Ad. Mexico. 
878. 18 61. Arca Reeveana, D’Orb. W. America.=.A. sguamosa, var., D'Or. 
=A. Helbingn, Rve. 
888. 24. 40. Meleagrina Mazatlanica, Hanl. Mazatlan [= 2M. Ambriata, Dic). 
The following are extracted from the ‘ Journal de Conchyliologie,’ Paris, 
1850 :— 


Page. Pl. Fig. 
No. 1. Feb. 1850. BL. 3. rh Columbella Haneti, Petit. ? Mazatlan. 
4. Dec. 1850. 410. Observations on Nerita scabricosta, Lam., by 
Petit. West Coast of N. America. 
Vol. 3. 1852. 57. 


2 ll. Mitra Haneti, Petit. Mazatlan. 
4, 1858. 84,166. G, 13-16. Grathodon trigonum, Petit. Mazatlan [=H 
5 


11,12. Natica Taslei, Recl. Mazatlan. 
mendica, Gid., 1851). 


4.  1868.119. 8 12, Reeluia Rollandiana, Recl. [Genus de- 
scribed] Mazatlan. 
4, 1858, 154. 5. 9,10, Natica Moguiniana, Recl. £ West Coast af 


erica. 
Series II. 
Vol. 2. Oct. 1867. 171. Adeorbis Verrauxti, Fischer, Te 
285. 6. Skenea Verrauaii, Fischer. t Californie . 
202, Review of the Brit. Assoc, rt and Bnt. 
Mus. Reigen Catalogue, by Fischer. 
Vol. 9. 208. Review of the Smithsonian Check Lists, by 


Fischer. 
' The following species are figured in Chénu’s ‘ Illustrations Conchyliolo- 
giques’; but no authority is given for the localities, nor etymology for the 
remarkable names :— 


P PL Rg. 
& 2. 19°90. Oliva selasia, Ducl. Acapulco. 


. 7, 3,4,21,92. Oliva caldania, Ducl. California 
18, 7. 5&,9,28,24. Oliva razamola, Ducl. California. 


17. {ie i 2, 10, un. Olivia avemula, Ducl. California, - 
19. 16 7,8. Oliva mantichora, Ducl. California. 
19. {37° 7's | Olion pindarina, Ducl. California. 
28, 27. 9, 10. Oliva todosina, Ducl. California. 


An excellent commentary on the above species, and on the difficult gen 
to which they belong, is supplied in the ‘ Revue Critique du genre Oliva,’ by 
M. Ducros de St. Germain, Clermont, 1857, It was written, not from a 
well-known London collections, but from a very large series containing ® ‘ 
the types figured by Duclos. The following is the author's arrangement 0 
the West Coast forms, excluding citations of well-known species. 


No. P : 

95. 46. Oliva angulata does not include azemula, Ducl., a8 Rve. says; that beng 
a var. of ponderosa-- . ; 

26, 50. Oliva Maris, 1.8, pl. 2. ¢ 26, a,b; intermediate between Juliette and of 
gulata. California, teate Duclos. [Appears to be one of the var 
Cuming. 

28, 652, Okea a To the typical W. Indian shells are united those ie 
California, Panama, Madagascar, Japan, N. Holland, N. Zealand, 
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The synonymy includes venulata+araneoesa-+-Cumingss+-oriola (Ducl. 
non Lam. non Lam.) ) Ae + fusiformis + timoria +- obesina + tisiphona +- 
inia-+ oniska+-caldania--harpularia+-candida+-ustulata. 

63. 83. Olica Steere Steeria, a Rive. Mazatlan, Ed. Verreaur. =(testacea, var.] 

67. 86. Oliva Deshayesiana,n.s. Atlas, pL: 3. f. 67, a, 6: intermediate between 
Brazihensis and auricularia. alifornia, teste Duclos. (Certainly not 
from the West Coast. | 

68. 87. Oliva volutella, Lam.-+-razamola, Ducl 

71. 88. va undatella, Lam.-+-nedulina, Decl. but not ozodona, Ducl, as Rve. 


73. 88. OT ste Gray in Wood’s Ind. Test. = purpurata, Swains.=dama, 
Duel. [i.e. dama, Goodall in Wood, = Hneolata, Gray MS. in B. M., 
Zoo]. Beech. Voy. | 

75. 91. Oliva selasia, Ducl. Acapulco; teste Ducl. ‘“ We know nothing of this 
remarkable shell but the specimen figured by the author.” 

85. 96. Oliva mutica, Say+rufifasciata, Rve. [assigned by error to the Californian 
O. betica, var. vi mbriata, Rve. 


In the most recent and among the most valuable of the contributions to 
our knowledge of local faunas, ‘ Mollusques de l’ile de la Réunion, par M. 
G. P. Deshayes,’ Paris, 1863, occur very unexpectedly the following species 
connected with the West Coast, either by name or by identity. The list of 
560 species from this little island, which the researches of M. Maillard has 
brought to light, contains several West Indian forms and a large number 
known in the Central Pacific and even the Sandwich Islands. 


No. 

38. 18, Chama i Brod. 

47. 19. Lucina tigerina, ‘¢Common on sands, with Capsa deftorata, as at 
the Antilles.” 

65. 23. Modiola cinnamomea, Chem. f Bots Mirch, teste A. Ad.] 

110. 40. Chiton sanguineus, Desh. pl. 6. f. 4-7. Non Ch. a nie Rve. As 
the West Coast shell= Vachnochiton maciformis, the Bourbon 
species may retain its name, especially if, as is probable, it belongs to 
another gen nus. 

197. 68. Solarium [ Torinsa} variegatum, Lam. 

216. 74. Turbo janellus, Desh. Minute edition of T. petholatus; nacreous. 


[Not congeneric with T. phasanella (Phil.), C. B. Ad., Panama shells, 


0. 282. 
238. 79. Natica Marocchiensis, Lam., Q. and G. Astr. pl. 66. f. 16-19. [P= ma- 
roceana, Chem. } 
307. 95. Cerithium wrometo, a Thes, Conch. pl. 180. f. 78, 79. [P= C. un- 


=A ve. Tooter Sh ethan 
us monodonta, Gacy t teste Gid. se ald. Otis. IS] ~ 4 


A. Ad.), Sb Sby.’s ies = inter- 
rae ea oa 6, roagh Lend oe 


93. Smithsonian Institution.—At the time of the first Report, the tempe- 
rate fauna of the West Coast was only known through sources liable to error, 
the collectors having visited other regions besides Oregon and California, and 
the species described by American authors being but imperfectly understood 
in this country. The large accession to the number of authentic species, the 
important elimination of synonyms, and the assignment of ascertained loca- 


* The review of the remainder of the first Report, nos. 69-92, will be postponed till after 
ae aeenae of the new materials, which are almost entirely from American sources. 
3. P 
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lities, which are placed on record in this Report, are due almost entirely to 
the stimulus afforded to science in general, and to this branch especially, by 
the Smithsonian Institution at Washington, D.C. The fund bequeathed by 
Mr. Smithson, “for the increase and diffusion of knowledge among men,” 
having been declined by the Universities to which it was offered in the Old 
World, is held (in trust only) by the U.S. Government *. It is administered 
by a permanent body of Regents, according to a constitution drawn-out et 
their instance by the Secretary, Prof. J. Henry, LL.D. It may be safely 
stated that to his unswerving consistency, cautious judgment, and catholic 
impartiality it is mainly owing that, during various political and social 
changes, the Institution has not only steered clear of all party bias in the 
United States, but has distributed its advantages with equal hand on both 
sides of the Atlantic. The Natural History department is under the special 
superintendence of the Assistant-Secretary, Prof. Spencer Baird, M.D., whove 
indefatigable zeal, fertility of resource, and thorough knowledge of the re- 
quirements of the science have enabled the Institution, by a comparatively 
small outlay, not only to amass in a few years an enormous store of accurate 
materials, but also to eliminate from them a series of publications on vanous 
important branches of American zoology. The contributions of the Smith- 
sonian Institution to our knowledge of the West Coast fauna may be consi- 
dered under [A] its collections and [B] ite publications. 

[A] Smithsonian Collections.—According to the present law, all collections 
made in expeditions fitted out by the Government become the property of the 
Smiths. Inst., with liberty to exchange duplicates. Its museum, therefore, 
is rich in types; and its liberal policy allows of all duplicates being trans- 
mitted to publie collections, to schools of science, or to individuals engaged 
in special departments of study. Not being forced into an unalterable plan 
of operations, like many leading musenms of the Old World, permission w# 
given to send nearly the whole of the molluscs to this country, that they 
might be compared with the Cumingian, the Brit. Mus., and other leading 
collections+. The importance of thus establishing a harmony of nomencls- 
ture for species on both sides of the Atlantic can scarcely be over-estimated. 
The previous want of it can be abundantly seen by comparing paragraphs 
89, 43, 54, &., in the first and in this Report. The West Coast collections 
belonging to the Smiths. Inst. are mainly from the following sources: | 
a. The United States Exploring Expedition, under Capt. (afterwards Admiral) 

Wilkes, 1837-1840, v. par. 43. . 
b. The North Pacific Exploring Expedition, under Capt. Rogers, 1853-18». 
Collector, Dr. Stimpson. os 
c. The Pacific Railroad Expedition, 49th parallel, mnder Governor J. J. 
Stevens, 1853-54. Collections made in Puget Sound by Dr. Suckley, 
and at Columbia River by Dr. J. G. Cooper. Dr. Suckley also ected 
at Panama. 

* The war has but to « limited extent curtailed the funds and interfered with t° 
operations of the Institution. : 

t The Cunard Steamshi Company have most liberally conveyed theso store ak 
the Atlantic, free of coat. ‘The British and American Governments here allowed spa 
facilities for passing the Custom Houses without derangement. Similar acts of . y 
and courtesy are continually afforded to the Smiths. Inst.—The materials for this Report 
have been placed unreservedly in the hands of the writer, although he went to Washing 
ton as a complete stranger, and with no other introduction than his published #iaet 
He was, however, at that time (Dec. 1859) directed to maintain silence on thé lay 08 

uestion, and not even to associate with coloured persons—e strange ombaree Ot of 


the private life of working ne ! Now, however, there is the 
speech on that subject as in Kngland. 
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a. The Pacific Railroad Survey, under Lieutenant B. 8. Williamson, 1853. 
Collector, Dr. A. L. Heermann. 

e. The Pacific Railroad Survey, under Lieutenant R. 8. Williamson, 1855. 
Collector, Dr. J. 8. Newberry. 

J. United States and Mexican Boundary Survey, under Major W. H. Emory, 
1852. Collector, Arthur Schott. 

g- Colorado Expedition, under Lieutenant J. C. Ives. Collector, Dr. J. 8. 
Newberry. 

h. The United States North-West Boundary Survey, under Com. A. Camp- 
bell. Collectors, Dr. Kennerley and Mr. George Gibbe. 

Besides the above official explorations on the American side, during a 
period in which the British Government only fitted out a single expedition 
coordinate with hk, the Smiths. Inst. has received a large number of pri- 
vate collections from their correspondents, of which the following are the 
principal :— ; 

t. Mr. Jas. G. Swan, from Port Townsend, Cape Flattery, Neeah Bay, and the 
neighbouring shores of Vancouver; at intervals, during many years. 

j- Dr. J.G. Cooper, early private collections from Shoalwater Bay and various 
stations in California and from Panama; and lately the dredged collections 
of the California State Geological Survey, of which a portion were sent 
in advance by Dr. Palmer. 

k. California Academy of Natural Sciences, duplicates of their cellection, 
with the privilege of inspecting unique specimens. 

t. Dr. E. Vollum, U.8.A., from Fort Umpqua. 

m. Lieutenant W. P. Trowbridge, from coast of Oregon and California. 

n. Dr. J. A. Veatch, from the peninsula of Lower California, and especially 
from Cerros Island. 

o. Mr. A. 8. Taylor, from Monterey. 

p. Mr. Andrew Cassidy, from S. Diego. 

q. Rev. J. Rowell, now of San Francisco, from various stations in both faunas, 
and especially from Sta. Crux, and the Farallones Is. 

r. Mr. John Xantus, of the U. 8. Coast Survey, from Cape St. Lucas. Speci- 
mens were received through him from Socorro Island (one of the Revilla- 
gigedo group), Tres Marias and Margarita Island. 

s. Captain C. P. Stone, from Guaymas and the northern part of the Gulf of 
California. 

t, Captain C. M. Dow, from the coast of Central America. 

u. Dr. J. H. Sternberg, from Panama. 

v. Dr. J. H. Frick, Mr. James Hepburn, and others, from San Francisco. 

w. Mr. C. N. Riotte, U. 8. Minister to Costa Rica, from Puntas Arenas. 

2, Mr. W. H. Pease, of Honolulu, collections made by his agents at various 
stations on the coast, particularly at Margarita Bay. 

Collections have also been received from ‘various expeditions already tabu- 
lated in the first Report; and from stray quarters not here included because 
their accuracy may admit of doubt. The species received from the most im~ 
portant of these sources will be enumerated in their order ; of the remainder, 
exact lists may be consulted by the student in the Smithsonian Catalogues, 
and the combined results will be found tabulated as ‘ Pacific Railroad Expe- 
ditions’ or ‘Smithsonian Collections.’ 

[B) Smithsonian Publications.—These may be classed under three heads. 
(1.) Works published by the U. 8. Government, with more or less of assist- 
ance derived from and through the Smiths. Inst. (2.) The ‘Smithsonian 
Contributions to Knowledge,’ printed in 4to, and answering to the * Trans- 

2P 
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actions’ of English learned societies; and (3.) The ‘ Miscellaneous Collec- 
tions,’ in 8vo, answering to the ‘ Proceedings’ of the societies :— 

(1.) The series of ten 4to volumes, called ‘ Pacific Railroad Reports,’ con- 
tains a complete résumé of the natural history of the western slope of North 
America. The Recent and Tertiary Fossil Mollusca will be analyzed im the 
following pages. Accounts have also been published of the nataral history 
of other expeditions.—The annual volumes of ‘ Reports of the Regents of the 
Smithsonian Institution,’ published by the U. 8. Government, contain exact 
accounts of the assistance rendered to the expeditions by the Smiths. Inst, 
as well as lectures and articles on special subjects. In these will be foand 
full particulars of the principles which regulate the natural-history working: 
of the Institution*®. 

(2.) The only paper bearing on our present inquiry as yet published m 
the ‘ Contributions’ is on the “ Invertebrata of the Grand Manan,” by Dr. W. 
Stimpson, which should be consulted by all who desire to institute a compa- 
_ Yison between the sub-boreal faunas on the two sides of the Atlantic. 

(3.) The ‘ Miscellaneous Collections’ are all stereotyped, and very freely 
circulated. Among them will be found “ Directions ” for collecting specimens 
of natural history, with special instructions concerning the desiderata on the 
Pacific coasts. These have been widely distributed among the various g0- 
vernment officials, the employés of the U. 8. Coast Survey, and the variously 
ramified circulating media at the command of the Smiths. Inst.; and have 
already borne a fair share of important results, although the war has 
greatly impeded the expected prosecution of natural-history labours. “Check 
Lists” have been published “of the Shells of North America, by L Les, 
P. P. Carpenter, W. Stimpson, W. G. Binney, and T. Prime,” Jane 1860. No. 
1 contains the Marine Shells of the ‘‘ Oregonian and Californian Province, 
and No. 2 of the “ Mexican and Panamic Province.” They are chiefly om- 
piled from the first British Association Report, with such elimination of sy- 
nonyms and doubtfal species, and addition of fresh materials, as had become 
available up to the date of publication. They were not intended to be quoted 
as authorities; and so rapid has been the accumulation of fresh information 
that no. 1 is already out of date. In the .« Terrestrial Gasteropoda,” by V. 
G. Binney, list no. 1 contains the “ species of the Pacific coast, from the ex- 
treme north to Mazatlan,” to which many additions have since been me 
In the list of “ Fluviatile Gasteropoda,” aleo by W. G. Binney, <‘ the letter 
distinguishes those confined to the Pacific coast, WE is affixed to tho 
found in both sections of the continent, and M designates the Mexcst 
species. From the starting-point of this list considerable progres e 
already been made. In the brief list of “Cyclades, by Temple Prime, the 
Mexican and Central American species are similarly designated ; but Whe 
western species and those common to the Pacific and Atlantic United Stat 
are not distinguished. In the lisf of “ Unionide,” by Dr. I. Lea, whose 
long devotion to the elucidation of that family is everywhere gratefully 
acknowledged, the Pacific species are designated by a P. The large sen 


* The * Lectures on Mollusca,’ in the Vol. for 1860, PP. 151-288, will perhaps be found 
useful as a digest of classical forms. It was to have been illastrated with copi of wooden 
kindly promised by Dr. Gray, and since placed at the disposal of the Smiths. Inst. by ok 
courtesy of the Trustees of the British Museum ; but, unfortunately, the blocks wa? oe 
to be found at the time. They will appear, however, in forthcoming Smithsonian 989 
cations. The ‘Lecture on the Shells of the Gulf of California,’ in the Vol. for 150" 
pp. 195-219, contains in a popular form much of the information distributed 

rit. Mus. Maz. Cat. 
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of specimens, representing varieties and ages, in Dr. Lea’s private collection 
are well deserving of close study. Their owner shares the liberality of Mr. 
Cuming in making them available for all purposes of scientific inquiry. 

The Smiths. Inst. has just issued from the press the first part of the 
< Bibliography of North American Conchology, previous to the year 1860,’ by 
‘W. G. Binney, containing references to all printed information on North 
American shells by native writers. Itis divided into “§ A. American descrip- 
tions of North American molluscs; § B. American descriptions of foreign 
molluscs; § C. Descriptions of foreign species by American authors in foreign 
works.” The work is prepared with unusual care and completeness, and 
with the accurate judgment which characterizes all Mr. Binney’s writings. 
It contains, under every separate work or paper, “a list of species therein 
described or in any important manner referred-to, together with their syno- 
nymy, locality, and the volume, page, plate, and figure relating to them.’ 
The second part, containing similar references to American species’ described 
by European writers, is now passing through the press. Mr. Binney has 
moet kindly sent the proofs to the writer (as far as p. 287), which have been 
freely used in preparing this Report, and have supplied various important 
sources of information. It undertakes to provide for the whole North American 
continent what has been here attempted for the West Coast; and in much 
greater detail, as not only the first description, but all subsequent quotations 
are duly catalogued. It may be regarded as a complete index of references 
to all works on North American malacology. The student, in making use 
of it, will remember that it is only with the Pulmonates that Mr. Binney 
professes an intimate acquaintance. For these the work may be regarded as 
complete. But, in other departments of the science, only those shells which 
are assigned by the authors to North America are quoted; consequently a 
large number of species are passed-over which are truly American, but are 
assigned to other places, or described without locality. Also, species really 
belonging to other faunas, but falsely attributed to North America, duly 
appear as though genuine; and the additional localities frequently assigned 
by the authors (which are often the real habitats) are seldom quoted. More- 
over the citations stop at Mazatlan; consequently, the tropical fauna of the 
West Coast is but imperfectly represented. Lastly, the authors are not pre- 
sented in chronological or indeed in any other ostensible order; but it is pro- 
mised that the necessary information will be given in the index on the com- 
pletion of the work. The student will farther bear in mind that for many 
reasons no second-hand reference can serve the same purpose as a consultation 
of the original book. With these cautions the work will be found invaluable 
by all who are engaged in working-out American species; and great thanks 
are due to Mr. Binney for undertaking the extreme labour of its compilation, 
and to the Smiths. Inst. for supplying the expense of its publication. Probably 
no such work has yet been printed on the malacology of any other country. 

Lastly, there is now in preparation a complete series of hand-books on 
North American malacology, copiously illustrated with wood engravings, and 
containing a digest of all that is known in each department. The marine 
shells of the Atlantic are being described by Dr. Stimpson, who is now also 
engaged in the dissection of the Freshwater Rostrifers; the marine shells of 
the Pacific are placed in the hands of the writer; the Pulmonates will be 
thoroughly worked-out by Mr. Binney, the Melaniade by Mr. Tryon, and 
the Cycladide by Mr. Prime. Thus it appears that while other Americans 
have been eagerly devoting themselves to destroying each other’s lives, and 
in some instances invoking the name of science to assist in the degradation 
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of the coloured portion of our race *, the malacologists have been unusually | 
zealous in advancing their before somewhat slumbering study; and that 

| while the U.S. Government has suspended the publication of the Reports in 
progress, preferring to spend the money on war, the Smiths. Inst. has dis 
played unexpected liberality in preparing and issuing from the press work: 
of a far more comprehensive character, for the peaceful “‘increase and diffusion 
of” what will hereafter be regarded as an important branch of “ knowledge 
among men.” 

94, North Pacific Exploring Expedition.—In the year 1853, Dr. W. | 
Stimpson, well known in very early life for his dredging-researches and ob- 
servations on the marine animals of the Atlantic coast, accompanied Captain 
Ringold as naturalist to the U.S. “‘ North Pacific Exploring Expedition.” It — 
principal object was to obtain more correct information with regard to the 
Japan seas and the extreme north of the Pacific, and it was only incidentally 
that it visited the Californian province. However, Dr. Stimpson’s extensire 
dredgings in the fiords of Japan developed the interesting fact, that while the 
southern shores presented a fauna essentially Indo-Pacific in ita character, | 
and abounding in the usual Cones, Cowries, Olives, &c., the northern slopes 
of the same islands presented an assemblage of forms far more analogous to 
the fauna of the Sitka and Vancouver region, and containing many specie 
common to the American coast. During the course of the voyage dredging- 
collections + were made by Dr. Stimpson at Madeira, Cape of Good Hope, Sydaey 
Harbour, Coral Seas, Port Jackson, Hong Kong (also by Mr. Wright; New Ire- 
land, Lieut. Van Wycke; Gasper Straits, Squires ; vicinity of Canton, presented 
by Mr. Bowring; interior of Hong Kong, Wright); China Sea; Whempos; 
Bonin Island; Loo Choo Island; Ousima; Katonasima Straits; Kikais; 
Kikaisima ; Kagosime [alas!]; Hakodadi; Taniogesima (also Wright, Kent, 
Kern, Boggs, Carter); Simoda; Niphon (also Brook); Arvatska Bay, Kamt- 
echatka; Amincheche Island, Avikamcheche Island, Behring Straits; Senia- 
vine Straits, Arctic Ocean (also Captain Rogers); San Francisco; (Puget Sound 
and Shoalwater Bay, Dr. Cooper, Cat. no. 1849-1856); Tahiti (aleo Captam 
Stephens, Kern), Hawaii (also Garrett; Sea of Ochotek, Captain Stevens). 
these were duly catalogued, with stations, depths, and other particulars, and 
living animals preserved in spirits after being drawn. The expedition appears 
to have returned in 1856. Although Dr. Stimpson devoted his chief sttention 
to articulate animals, and molluscs occupied but a subordinate share of his 
attention, it is safe to say that in this short period he collected more trust- 
worthy species of shells, with localities, than were received at the Smiths 
Inst. from the united labours of the naturalists of Captain Wilkes’s celebrated 
expedition. Through some unaccountable cause, certain of the most valuable 
boxes were ‘‘ lost” between New York and Washington ; the remainder were 
placed in the hands of Dr. Gould for description, with the MS. catalogue, & 
copy of which forms the “Mollusca, Vol. I.,” nos. 1-2003, of the Smiths 
Mus. Fortunately, Dr. Gould embraced the opportunity to bring the ™- 
certain shells to London, and compare them with the Cumingian Collection}. 


* See Prof. Huxley's remarks on the publications of the Anthropological Society, 7 
his Lectures on Mammalia at the Royal dotlege of Surgeons. oo, 

+ A fuller account of this expedition is here given than is justified from ite contribuitou® 
to the W. American fauna, because no other information respecting it is as yet available 
to the malacological student. . , 

t When he sought similar permission to identify the shells of Captain Wilkes’s Expe 
dition, the answer of the celebrated Judge who then had the custody of the collection was 
(with an oath), “ We are a nation of twenty millions, and can do without Europe. Very 
rapidly has ecience taught her a better lesson since those days. 


ON MOLLUSCA OF THE WEST COAST OF NORTH AMERICA. 5838 


Thus a large body of species, named from types, was prepared for the New 
World ; but, unfortunately, through imperfect packing and the practice of 
marking by numbers only, much of the value of this identification was lost. 
The new species were described by Dr. Gould in the ‘ Boston Proc. Soc. Nat. 
Hist.,’? 1859-1861; and on completion of the series, the author collected 
the papers embodying the new species of the two great scientific expeditions, 
as well as his other scattered publications, and issued them in a most valuable 
book, entitled ‘ Otia Conchologica: Descriptions of Shells and Molluscs, from 
1839-1862,’ Boston, 1862; with “Rectifications,” embodying such changes of 
nomenclature and synonyms as he desired to represent his matured views. 
In quoting Dr. Gould’s writings, therefore, this table should always be con- 
sulted. A considerable portion of the specimens have been returned to the 
Smiths. Inst., of which the larger species are mounted in the collection, and 
the smaller ones have been sent to the writer to compare with those collected 
by Mr. A. Adams,which were unfortunately being described in the London 
journals almost simultaneously. The war has unhappily postponed the in- 
tention of publishing the complete lists of species collected and identified with 
so much accurate care. The following, however, have already been deter- 
mined by Dr. Gould from the region in which American species occur. The 
list is given entire (so far as identified), because species as yet known only 
on one coast of the North Pacific may hereafter be found on the other. It 
contains (as in the comparison of the Caribbean and West Mexican fauna) 
(a) species certainly identical, (6) probably identical, (c) ‘interesting ana- 
gues,” and (d) representative forms. 
8.1.Cat. no. 


1268. idula hystryz, var. Kagosima Bay, Japan. Dead on shore. [==aculeata, 
fins Cat no. $34.) “—_ 
1319. Poronia rubra, Mont. Kagosima Bay, Ja Vide Maz. Cat. no. 154.] 


1344, Acmaa PSiebolds ; very near patina. Kagosima Bay, Japan. Rocks at 1. w. 

1351. Torinia variegata, Lam. Kagosima Bay, Japan. { Vide Maz. Cat. no. 484.] 
Dead on shore. 

1414. Nasea Lam. [non C. B. Ad.) osima Bay, Ja 5 fm. sd. 

1476. Acar Barbatia} adata, Brod. and Sby. Taniogesima, Kagosima Bay, 
Japan. az. Cat. no. 194.] Dead in ten fm. ; sand and shells. 

407,476. Acar [ Barbatia] gradata, Brod. and Sby. Port Jackson. 

1502. Lima squamosa, Lam. Taniogesima, Japan. [ =. tetrica, Gid., teste Cus. | 

The remaining species from these localities are either local or belong to the 
Philippine and Polynesian fauna. At Simoda and Hakodadi we enter on a 
mixed fauna, 


1574. Haliotis discus, Rve. Simoda and Hakodadi. Rocks at low water, four 
fm. “ Kamtschatkana seems to be the small growth of the same.” [It is 
locally abundant, however, on the West Coast; while discus has never 
been found there, and is much flatter. ] 


1577. Lxtraria [Schicotherus Nuttalki, Conr.| Hakodadi Bey. Hight fm. sand. 
1579. petechiaks, Lam. Hakodadi Bay. Sand, 4th level. 
1582, Tritonsum [ Chrysodomus] antiquum, Ln. Hakodadi Bay (aleo Okhotek and 


Arctic Oc., 1779). Low-water mark and laminarian zone, on weedy 

1585. Tritonieum [Pri Oregonense, Redf. Hakodadi Bay. Dead on shore, 
and in twenty fm. Also.no. 19565. 

1688. Tellina Bodegensis, Hds. Hakodadi Bay. Dead on shore. 

1689. Mya arenarta, Ln. Hakodadi Bay. 

1602. Mercenaria orientalis, Gid. [A West Atlantic type, probably = 2. Stimp- 
soni, Otia, p. 169.] Hakodadi Bay. Six fm. sand. 


584 REPORT— 1863. 
8.L Oat. no. _ . 
1506. Venus rigida, Gid. (MS. non Gld., Otia, p. 85,<= Zapes, var. Petitii. The 


Japanese shell is ddames, Rve., from type]. Hakodadi Bay. Four to 
ten fm. sand. 


The above occur in connexion with local and with diffused tropical species. 


1601. 
1680. 
1682. 


1684. 
1635. 


1637. 


1639. 
1648. 


1661. 
1665. 


1674. 
1700. 


1702. 


1708. 
1704. 


1706. 
1706. 


1708. 
1710. 
1711. 
171A. 
1715. 
1716. 
1717. 


1718. 
1719. 


1720. 
1721. 


1722. 
1728. 


1726. 


1726. 


1728. 
1732. 


Euthria ferrea, Rve. Simoda. Among stones and pebbles, 3rd level. [.Al- 
most identical with the Cape Horn species, EZ. phimbea, Phil. 
Tritonsum [ Chrysodomus| cassidarieformis, Rve. East Coast of Japan, lat. 
87°, and odadi. enty fm., black coarse sand. 
Chiton “largest’’ [P Aiton Stelleri), Hakodadi. On large stones 
and under shelving 8, low-water mark, 
Pecten, like [=] Islandicus. WHakodadi. Ten fm. shell-sand. 
: uttall, Conr.,=decora, Hds. Hakodadi. ‘“ Possibly= Sele 
wm tne peat Sand, low-water mark. 
@come “Gmel. in Mus. Cum.,= calearea, Chem.,=prorima, Brown,= 
sordida, Couth.,=: Suensoni, Moreh.” Hakodadi, 4th level, sandy mod 
Litorina Or eniie ica, Chem. pylakodadi. ae let level. Dedh 
Cardium oestle, Rve.,= em rhaps = Calsforssenst+ 
Hakodadi. Twenty fm.snd f 
Terebratula [ Waldheimia| Grayi, Desh. Hakodadi. Shelly gravel, 8-15 fm. 
Leda arctica, Brod. (= Y. lanceolata, J. Sby.]. Hakodadi. Sandy mud, 4-12 
fm. Seniavine Str., 10-30 fm. 
Drilia inermis, Hds. Hakodadi. Shelly sand, 4-10 fm. 
Pecten Yessoensis, Jay. [Probably a var. of Amusium caurinum.| Hakoded. 
Weedy mud, 4 fm. 
Cardium (Serripes) Grenlandicum. Awataka Bay, Kamtechatka. Mud, 
12 fm. Also Avikamcheche Is., Behring Str., and Arctic Ocean. 
Yoldia thracieformis, Storer. Hakodadi. Mud, 12 fm. 
Mytilus edulis. Hakodadi. Also Avikamcheche Is., Behring Str., and 
Arctic Ocean. Low-water mark, and in $rd and 4th level. 
Cardium Californiense, Desh. Hakodadi. Mud, 12 fm. [= no. 1648.] 
Mya truncata. Hakodadi; also Avikamcheche Is. Mud, 6-156 fm. Also 
Arctic Ocean, in mud, 30 fim. 
Buccinum glaciale. Hakodadi, and Straits of Seniavine, at Amincheche 
Is., Behring Str. 
Tritonium sodomus] antiquum-+deformis, Rve., and vars. Hakodadi 
and Avikamcheche Is. Gravel, 4 fm. 
Buccinum tortuosum, Rve.,=scalariforme+ vars. Straits of Seniavine. 
Billa (Polatharpe ¢ edad and wea, Midd. Hekedaii, Gravel, 5-6 fm 
a , Midd. . Gravel, . 
Lanistes laevigata, Gray (= diseors, Lu., teste Dkr. in Mus. Cum.). Mud, 
20 fm. Hakodadi and Arctic Ocean ; common, in nesta, 30 fm. ; no. 1798. 
Trichotropis multicaudata [? = Zr. coronata, Otia, p. 121: related to wagat, 
Midd., teste A, Ad.]. Hakodadi. Gravelly mud, 15 fm. 
[rape] ceca, var. concentrica, Midd. Hakodadi and Arctic Ocean. 
richotropis bicarinata, Sby. Hakodadi. Not uncommon in laminarian z0ve. 
Arctic Ocean ; common. 
Macoma prozima, Brown. Hakodadi; mud, 5-25 fm. Awatska Bay. 
Arctic Ocean ; common, no. 1727. 
Macoma edentula, Brod. and Sby. Hakodadi. Avikamcheche Is. 
Creda grandis, Midd. - Hakodadi. Okhotsk, 15 fm.; no. 2008. . 
Venus fluctuoea, Gid., 1841. P=sastartoides, Beck, 1849. Hakodadi and Arctic 
Ocean; not uncommon. Mud, 5-10 fm. 
Cardita (Actinobolus) borealis, Cour. Avikamcheche Is., Behring. Straits; 
mud, 5-30 fm. Awateka Bay; 10 fm. mud. Arctic Ocean; common. 
Sazxicava is, L.,=rugosa+distorta. Avikamcheche Is., Arctic Oces?. 
Awatska Bay; on shells, &c. Lam. zone; no. 1729. 
Margarita obscura, Couth. Awateke Bay, Kamtechatka. Mud, 10fm 
Bela turricula., Mont. Awataka Bay; mud, 6-15 fm. Also Seniavine St: 
no. 1782. 
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1788. Yoldia imatula, Say. Awatska Bay and Arctic Oc. Mud, common, 5-20 fm. 

1784. Natica clausa, Awatska Bay. Mud, 5-16 fm. 

1735. Yoldia myaks (or hyperborea). Awatska Bay. Mud, 10 fm. 

1736. Leda minuta. Seniavine Str. ; Arctic Oc., near Behr. Str. Mud and pebbly 
sand, 15-30 fm., coarse strie. 

1737. Leda minuta, var. Ditto. Mud and pebbly sand, 5-20 fm., fine strie. 

174) Fhpchonella ence Die Mone reland® on ne 90-30 fm 

1741. pettacea. Ditto. vel and sponges, . 

1742. Margarita Leach. Ditto. Shelly gravel, common, 15-30 fm. 

1744. Admete arctica, Midd. Ditto. Mud, 30 fm. 

1745. Admete viridula, Couth. Ditto. Gravel, 4 fm.; mud, 10-30 fm. 

1747. Velsuina hakotoidea, Ditto. Gravel, 10-25 fm. 

1748. Margarita argentata (Gld. Inv. Mass.]. Ditto. Mud, 30 fm.; shelly, 15- 


1749. Twrritelia (sp.), Migh. Ditto. Mud, 30 fm.; clean gravel, 4-20 fm. 

1750. Trichotropis bicarinata. Ditto. Pebbly mud, 5-6 fo " 

1751. Lunatia pallida, Brod. Ditto. Mud, 10-30 fm. 

1752. Cylichna triticea, Couth. Ditto. Mud, 15-30 fm. 

1758. Velutina ( Morviia] zonata (Gld. Inv. }. Ditto. On stones, 5 fm. 

1764. Nucula tenuis, Mont. Ditto. Mud, common, 20-30 fm.; pebbly mud, 5-20 
fm. Also Hakodadi; sandy mud, 10 fm.; no. 1687. 

1756. Trophon clathratus, Linn. Ditto. Mud, 20-30 fm.; gravel, 4 fm. 

1757. Leunatia septentrionalis, Beck. Ditto. Gravelly mud, common, 20 fm. ; 


gravel, 4 fm. 
1758. Amicula veststa, Sby. Ditto. Gravel, common, 10-40 fm. 
1750. Scalaria , Chemn. Ditto. Mud, 30 fm. 


1760. Lunatsa paliidoides. Ditto. Mud, 30 fm. 

1761. Chrysodomus Islandicus,Chemn. Ditto. Mud, 30 fm. 

1762. Patella [ Lepeta] candida, Couth. Ditto. Mud, 30 fm. 

1763. Chiton albus, Linn. Ditto. On shells in mud, 30 fm. 

1785. Chrysodomua Schantaricus, Midd. Ditto. Mud, 20-30 fm. 
1770. Astarte lactea, Br. and Sby. Arctic Oc. Mud, 30 fm. 

1771. Pecten Islandtcus, Chemn., var. Arctic Oc. Mud, 80 fm. 
1773. Buccinum Pundatum (probably bicarinate var. of glaciale). Arctic Ocean. 
1774. Buccitnum Pundatem, var. pelogica. Arctic Ocean. 

1776. Buccinum P Ochotense, Midd. Arctic Ocean. 

1776. Buccinum angulosum, Gray (=glaciale, var.). Arctic Ocean. 
1777. Bucctnum ? tenue, Gray. Arctic Ocean. 

1778. Mangeka, like simpler, Midd. Arctic Ocean. 

1781. Bela rufa, Mont. Seniavine Str. Pebbly mud, common, 6 fm. 
1788. Turritella erosa. Seniavine Str. Mud, 10-20 fm. 


1784. ia Norvegica, Chem. Seniavine Str. Pebbly mud, 5 fm. 
1785. Tri 3 instgnis, Midd. Seniavine Str. Gravel, 10 fm. 
1789. Bela decussata, Couth. Seniavine Str. Sandy mud, 10-20 fm. Also Awatska 


Bay ; no. 1730. 
1790. Yoldta myatis, Couth. Seniavine Str. Mud, 10-20 fm.; pebbly mud, 5 fm. 
1791. Bela harpularia, Couth. Pebbly mud, 5 fm. 
1708. Margarita helicina, Fabr. Behring Str. Clean gravel and alge, 5 fm. 
1796. Turtonia [P minuta, Fabr.]. Behring Str. Common on sponges, 20-40 fm. 
1798. Lunatia [ Acrybia] aperta, Lov. Kamtachatka. 
1790. Modtolaria mgra, Gray. Arctic Ocean. 
1821. Chama lobata [ =exogyra, Jay, non Conr.|. China Sea, west of Formosa. 
Shell-gravel, 30 fm. 
1836. emarginata, Desh. San Francisco. On rocks in 4th level. 
1837. Zstortna plena, Gid. San Francisco. On rocks in 8rd and 4th levels. 
1888. Acmea tertidis, Gld. San Francisco. On piles and rocks between tides. 
1838. Acmea patina, Exch. San Francisco. On piles and rocks between tides. 
1839. Cryptomya Cakfornica, Conr. San Francisco. On sandy beaches. 
1840. Macoma nasuta, Conr. San Francisco. Common in san ay mud, 1. w. 10 fm. 
1841. Cardéum Nuttallii, Conr. San Francisco. Common in sandy mud, 1. w. 10 fm. 
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18438. Mitte Coli, var. San Francisco. On rocks and gravel, 4th level. 
1844. ytilus or tn oe Conr. Near entrance to San Francisco. On rocks 
ve eve 
1845. Ta as decor’ Sby. San Francisco Bay. Very common, low-water mark 
= V. staminea, Conr., var.,= V. mundalus, Rve. ; v. anted, p. 570}. 
1846, Chiton [Mopalia] muscoms, Gia. 
uncommon on rocks at low-water mark. 


Entrance of San Francisco Bay. Not 
1847. Cryptodon [ Schizotherus) Nediall, Conr., jun. San Francisco. One sp. 
1848. Machera lucida, Conr. haa Dh Francisco. Common. | [ =. pata, Porth] 

The shells brought back by the Expedition from Puget Sound and Shoal- 
water Bay were collected by Dr. Cooper, whom Dr. Stimpson met at San 
Francisco, and are not here catalogued, as they appear again in his own 
collections, v. infra, par. 101. 

1860. Lathophagus cinnamomeus. China coast, lat. 233°. Dead, 25 fm., sand. 

1924. Helir tudiculata, Bin. Petaluma, Cal.; under stems in open grove of scruboek. 

1956. Mytilus splendens, Gld. Hakodadi Bay. Rocks below tide-m com. 

1957. Anomia olivacea, 'Gld. Hakodadi Bay. On shells or gravelly sand, 10 fim. 

1958. Cerastoma fohatum, var. Burnett, Ad. and Rve. Hekodadi Bay and N. E. 
art of Niphon. Low-water mark, on rocks and boulders. 

1959. Halotis Kamtschatkana, Jonas. N. E. shore of Niphon. See no. 1574. 

1960. Purpura Freycinetts:, Desh. N. E. shore of Niphon. Common on rocks. 

1961. Purpura Freycinetti, var. with muriciform lamelle. WN. E. shore of Niphon. 

1967. Placunanomia macroschisma, Desh. West Coast of Jesao. Gravel, 30 fm. 

1968. Terebratula pulvinata, Gid. Arctic Ocean. Gravel, 30 fm. 

2000. Puncturella noachina, Linn. Sea of Okhotsk. Gravel, 20 fm. 

2001. Astarte lactea, Brod. ‘and pad Shy. Sea of Okhotsk. Gravel, 20 fm. 

2008. Terebratula lobosa, Lam. ea of Okhotsk. Gravel, 36 fin. [Perhaps Cak- 

fornica, Koch. } 

The following, from among the new species described by Dr. Gould in his 
‘Otia Conch.,” belong to the same province, and to forms which may be ex- 
pected to appear on the northern shores of West America. They were first 
published in the Proc. Bost. Soc. Nat. Hist., under the dates quoted :— 
100.” 1869. June. Natiea Gid., like Aeros, but with umbilicus resembling 

une. sever e heros, but with umbilicus 
wnifasciata, Hakodadi, W. 8 


108. x »  Natica russa, Gid.,-like clausa. Arctic Ocean, W. S. 
115. ,, Dec. Patella pallida, Gld. Hakodadi. On stones and gravel 3 10 fm. 
115. sy, » Patella grata, Gid. N. E. shore of Niphon. 
115. ,, » Acmea doreuosa, Gid., like patina, var. monticula [montscola)], 
Nutt. Hakodadi, on ’ rocks of 2nd and 3rd lamin. zone. W. S. 
117. _ i, 9  Chiton (Leptochiton) concinnus, Gld., like albus, but with lines of 
punctures. Hakodadi, W. 8S. 


118. _ is, ” tton (Acanthochetes) achates, Gd. Kikaia, Hakodadi, W. S. 

118, 1859, Dec. Chiton (Molpalia) Stimpeont, Gid., like Blatnvilles, without an- 
terior radiating lines. (‘On stones, clean bottom, 25 fm., 
and under stones and rocks, low-water mark.” —Smiths. Cat. 
no. 1646. Not to be confounded with M. Simpeont, om 
Hakodadi, W. S. 

120. 1860. Sept. Terebratula TP Waldheimia] transversa, Gld., like Greyi, wi 
shorter internal supports: [= Grayt, teate A. Ad. ] Tevodedi 


W.S. 

120. 5 »  Lerebratella mintata, a like Zelandica. Apoph phyees united 
to central crest. [= Waldheimsa Koreanica, A d Rve., 
teste Rve. from “On On pebbles, clean bottom, 30 fm.” 
Smiths. Cat. 1597 eer Won te 

120. ” »  Ithynchone (pnt in aspect e T. vitrea, jun. 

™ Trohotropia (I Gld.; like 7. sata, Kanger. 
” ” Straita of eee Are 20 fm. mud. W. 8. 
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122. * 1860. Sept. Buccinum Stimpeons, Gid. ; like wndatum, but quite ‘distinct, 
NB Is., Bebring Str. W.S. Arctic Ocean, Rod- 
[ Not B. Sinpeonionwy C. B. Ad 
123. ,, 9 Neptunea (Sipho) tere Gld. ; like Icelandica. Arctic Oc. 
125. _ =, 9»  Lrophon trcomptus, Gid. ; like craseus, Hakodadi, W. S. 
134. _,, Oct. Bela turgida, Gid. Kamtschatke, W. 8. 
158. 1861. Mar. Margarita santhina, Gld.; like Schaniartca. Arctic Ocean. 
154. , 5, Margarita albula, Gid.; ‘like an overgrown arctica. Arctie 


Ocean., W. S. 
154. +, #&«4» #£Marga rita mustelina, Gid. Hakodadi; low water, W. S. 
159. ” ” Gibbula redimita, Gid.; like nsvosa, A. Ad. Hakodadi, W. S. 
162. ,, » Lyonsia ventricosa, Gld.; ehorter than Norvegica. Hakodadi, 
2-6 fm., sandy mud, W. S. [“P=navicula, jun.” A. Ad.] 
162. ” » Ly ensia Bando rina) ‘flabellata, Gld.; like arenosa, Arctie 
162. ,, 5 Theora lubrica, Gld. Hakodadi; common in mud, 6 fm, W.S. 
1638. , 4 Panopea fragilis, Gld. Hakodadi, W.S. 
163. 4, ‘45 Panopea {9 er ona var. sagrinata. Awatska Bay, Kamte- 
chatke, W 8. { Epidermis projects } in., as in Glycimeris. 
Mud, 12 fm.” s. Cat. bor 
164. ,, 5 Corbula venusta, Gld. Hakodadi, fm., ew sand, W. S. 
166. , 4 Solen strictus, Gid.; like corneus. Ss. 
165. ,, 4,  Solen gracilis, Gld. {pee Phil.] Hakodadi, sandy beaches, W. 8. 
165. , 4 Machera sodalis, Gld.; like costata. Hakodadi adi, W.S. 
165. ,, 4, Solemya pusilla, Gld.; like velum. Hakodadi, 5 fm. , mud, W.S. 
187. sy Tellina lubrica, Gld.; like felix and fabagella. Hakodadi, 6 fm., 
sandy mud, W. s. 
168. , 5, Saridomus aratus, Qld. ; like V. mazima, Phil. San Francisco. 


| Described as 4'5in. long, pt smaller than Nedtallis. 
ys at Sir F. Drake’s; sand.” Smiths. Cat. Bao) 
160. 5 9» Vere (Mercenaria) Stimpson, Gid. ; like the Atlantic forms, 


6 fm., W. S. 
170. , 4 Myna (Felania usta, Gid. ; like an Astarte. Hakodadi, 8 fm., 
sandy mud, 8. 
178. ~,, Apr. Montacata divaricata, Gld. Hakodadi, on hte idee’ 8. 
175. Sissy »  Nucua (esta) insignis, Gid. ; like mér * jidentical, teste 
A. Ad.] Japan, lat. 87°, and Hakodadi, [“ 20 fm. 
gan 99 


black coarse "Smiths, Cat. 1628. ] 
177. gy gy DM yttlus coruscus, Gid.* Hakodadi; common on rocks between 
tide-marks, W.S. [P==M. splendens., no. 1956.) | 
177. 4 y_~—— Pecten eetus, Gid.; resembles generally P senatorius, is still more 
like re [ Amusiv caurinus. Helodedi, shell mud, 10 fm., 
Ww. Non P. , Gld., in U. 8. Ex capes Shells, 
Dieffenbachis, Gray, teste 
95. The United Staten 2 pobee to Japan, under Commodore 7 Perry, 
1852-4, was not undertaken for scientific purposes ; and no special provision 
was made either for collecting or describing objects of natural history. A 
large number of shells, however, were obtained, and identified by Dr. Jay of 
New York. In Vol. IL. of the ‘ Narrative of the Expedition, &.’ (Washing- 
ton, 1856, pp. 289-297) is given a list of Japanese shells, with descriptions and 
figares of the (supposed) new species. The following are related to the mol- 
luscs of the West Coastt. Specimens of the most important may be seen 
in the Cumingian Collection. 
* The M. mutabilis, described on the same from Kagosima, is a Sepitifer; it is 
sumed that the learned author did not open a specimen. Sent an 
+ The student should also consult, for related forms, the ‘ Mollusca Japonica’ by Dr. 
Me Dunker, Stuttgart, curate, jadgmer phe other works of the same author, mont valuable 
‘or the care, accurate judgment, and enlarged ce relatin 
chiefly fo the subtropical portion of the fauns. “penien nd . 


REPORT—1863. 


. arenaria: {identical, teste A. Ad. ]. 
1. 8,9. Psammobia olivacea, n. 8. Bay of Yedo. [Nearly allied to 
Miatula Nuttali. 
4, 1,2. | Pecten Yesasoensis, n. 8. Hakodadi. [Resembles Amunun 
3.84, {| caurinu, Gid.J 
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299. 1. 7,10. Mya Japonica, n.s. Volcano Bay, Is. Yedo. Closely relate: 
to 

292 

2093 

295 16,17. Perpura septentrionalis, Rve. [= P. crispata, var.] ? Japan. 


. 6. 17. 

205. 5. 13,15. P Buda Perryi,n. s. Bay of Yedo, one sp. = Vokd- 
harpa ampullacea, Midd. ‘ P 

296. Venerupis Nuttall, Conr. (Sazidomus). Japan. 

296. Tellsna secta, Conr. Japan. 

296. Tapes — Ln. fProbably T. Petits, var. or Adama. 

apan. 

296. Ostrea b borealis, Ln. Japan. 

296. Lanthina communis, Lam. Japan. 

206 Lanthina prolongata, Blainv. F apen. 


96. At the time that Dr. Gould was describing Dr. Stimpeon’s Japanese 
shells in the Boston Proc. Ac. N.°S., Mr. A. Adams, R.N., one of the learned 
authors of the ‘Genera of Recent Mollusca,’ was making extensive and accu- 
rate dredgings in the same seas. The new genera and species have been and 
are being published, in a series of papers, in the Ann. & Mag. Nat. Hist. and 
in the Proc. Zool. Soc., preparatory to an intended complete work on the 
molluse-fauna of the Eastern North Pacific. The collections of Mr. Adams 
have already displayed the Japanese existence of several species, as Stphonali 
Kellettui, Solen sicarius, Homalopoma sanguineum, &c., before supposed to be 
peculiar to the West coast. Unfortunately for our present purpose, while 
the comparison of specimens was going on, Mr. Adams was unexpectedly 
called to service on board H.M.S. ‘ Majestic,’ and was obliged to pack up his 
collections. Enough has been ascertained, however, to prove that it will be 
unsafe henceforth to describe species from either coast without comparison 
with those of the opposite shores. 

97. Pacific Railroad Reports.—As it is necessary, in studying any fauns, 
to make comparisons far round in space, so it is essential to travel far beck 
in time. The fullest account of the fossils of the West Coast of America 18 
to be found in the ‘Explorations and Surveys for a Railroad Route from the 
Mississippi River to the Pacific Ocean,’ which form ten thick quarto volume, 
copiously illustrated with plates, and published by the U.S. Senate, Wash- 
ington, 1856*. The natural-history department was conducted under the 
superintendence and with the aid of the Smithsonian Institution ; and science 
is under special obligations to Prof. Spencer S. Baird, the Assistant Secre- 
tary, for his Reports on the Vertebrate Animals. It.would hardly be ex- 
pected in Europe that the best résumé of the zoology, the botany, and the 
geology of the vast region between the Great American desert and the Pacific 
should be found in a railroad survey. Unfortunately, it has not been the 
custom to advertize and sell the valuable documents printed at the expen® 
of the U. 8. Government, in the ordinary channels of trade. They often become 
the perquisites of the members of Congress, and through them of the vario0s 
employés, by whom they are transferred to the booksellers’ shelves. The 
fifth volume of the series is devoted to the explorations of Lieut. Williamson; 
the second Part contains the Report by W. P. Blake, geologist and mwerv- 
logist of. the expedition. In the Appendix, Art. II., are found « Desenp- 
tions of the Fossil Shells,” by T. A. Conrad. They were first published in the 


* This extremely costly and valuable assemblage of documents was selling in Washing: 
*n 1860, at £5 sterling the set. 
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< Appendix to the Preliminary Geological Report,’ 8vo, Washington, 1855. 
"hey are divided into, I. “ Eocene,” and II. ‘‘ Miocene and Recent Forma- 
tions.” 


I. Eocene (all from Cajiada de las Uvis *). 


Cardium linteum, Conr., n.a. Allied to C. Nicollets, Conr. 
Dosinia alta, Conr., n.a. 

Meretriz Uvasana, Conr., ns. 

Meretriz Califormana, Conr.,n.s. Allied to M. Poulsons, Conr. 
Crassatella Uvasana, Conr., 0.8. 

Crassatella alta, Conr.,n.s. In small fragments, but abundant, 


Plate. 
IT. 


orp £0 bo mgt 


Wor HO go po 


as at Claiborne, Al. 
» 10. Mytilus humerus, Conr., 0.8. 
» 86 Cardita planicosta =: Venericardia ra. First 


can as of the European Eocene period. 
7. 9. Natica P etstes, Conr., 1833. 
7. 10. NaticaPgibbosa, Lea, 1883, or N. semilunata, Lea; also found at 
Claiborne, Al. 
9» 8 11. Natca alveata, Conr., n.s. 
12. 12. Tverritella Uvasana, Conr.,n.s. Allied to T. obruda, Conr.,=T. 
Kineata, Lea, from Claiborne, Al. 
9. 13. Volutatithes [P Volutihthes| Calkfornsana, Conr.,n.s. Resembles 
V. Sayana, Conr. 
» 13. 14 PBusycon Blakei, Conr., n.. 
11. 15. Clavatula Californica, Conr., n.s. Allied to C. proreda, Conr., of 
Claiborne ne. 


II. Miocene and Recent Formations (from various localities). 
TIT. 15. 16. Cardium modestum, Conr., n.s, San Diego. [May be Hemicar- 


tem brangulatum, jun. 

» 19. 17. Neucula decisa, Conr. is Resembles N. divaricata of the Ore- 
gon Miocene. [Cloael allied to NV. castrensis, &c., but too im- 
perfect to determine.} San Diego. 

IY. 16. 18. Corbula Diegoana, Conr.,n.s. San Diego. 

» 20. 19. Meretriz uniomeris, Conr., n.s. Monterey Co. 

» 27. 20. Meretrizx decisa, Conr., n.s. Ocoya Creek. 

95 22 21. Meretriz Tularena, Conr., n.s., [in list, “Tedarana”’ in text). 
From a boulder in Tulare Valley. (Comp. Tapes graciks, Gid. 

9» 28. 22. Tellina Diegoana, Conr., n.s., San Diego. ; 

14,18 Tellina congesta. Conr., ns. [Appears a Heterodonaz, allied to 

» & 2) 28. bimaculata, Lam.}] Abundant at Monterey, Carmello, and San 

e 


» 17. 24 | Telling Pedroana, Cour, ns. [P= T. gemma, Gid.] Recent 
formation. San Pedro. 

», 29. 25. Area microdonta, Conr., n.s. Resembles A. arata, Say, of the 
Maryland Miocene. Miocene, PTulare Valley. 


® The existence of Eocene strata on the Pacific slope is ascertained by a single boulder 


of very hard sandstone, which, though very small, i fifteen speci Of these, 
three correspond with forms from Olaiborne, Alabama; and the “ finger-post of the 
Eocene” a in its usual abundance. Mr. Conrad characterizes the specimens as 


* beanti y perfect ;” which would not have been sup from his descriptions and 
figures. They ‘seem to indicate a connexion of the Atlantic and Pacific Oceans during 
the Eocene period ;” and the author expects that “when the rock shall have been disco- 
vered and investigated sa situ, fresh forms will be obtained, with which we are already 
familiar in eastern localities.” 
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Plate Fig. No. 
IV. at 26. Taper diversum, Shy. [= Tapes staminea, Conr., var. Petilii, 
(III. in text). h.] Recent formation. San Pedro. 
UT. 25. 27. Saztcava abrupta, Conr.,n.s. [Probably the shortened form of 
Petricola carditoides, Conr.] Recent formation. San Pedro. 
24. 28. Petricola Pedroana, Conr., n.a. [Allied to P. vesstricosa, Desh. | 
Recent formation San Pedro. 
88. 29. Schizotharus Nettalli, Conr., “n.s.” = Tresus capaz, Gid. Recent 
formation. San Pedro. 
Pladtraria Traskei, Conr., n.s. [Not improbably = Saridome 
Nuttalié, Conr., im] PMiocene. Carmello. 
45. 81. Mactra Diegoana, Conr.,n.a. Like M. albaria, of the Oregon 
Miocene. ([Resembles Mulinta angulata,Gray.] ? Miocene. 


San Diego. 
» 985. 32. Modtola contracta, Oonr.,n.s. [Very like M. recta, Conr.] ?Mio- 
cene. Monterey Co. Recent formation. 
» 40. 88. Mytilus Pedroanus, Conr., ns. ([Probably= M. edudis, jun.) 
Recent formation. San Pedro. 
» 41. 84. Pecten Deserti, Conr., n.s. [Resembles P. ctreudaris.}] Mio- 
cene. Carrizo Creek, Colorado Desert. 
» 84, 85. Anomia subcostata, Conr.,n.a. [P= Placunanomia macroschisma.| 
Miocene. Colorado Desert. Allied to A. Ruffins. 
» 86-38. 36. Ostrea vespertina, Conr., n.s, [Resembles O. lesrida, var.] Mio- 
, cene. Colorado Desert. Like O. subfalcata, Conr. 
37. Ostrea Heermanns, Conr., u.8. Colorado Desert. 


4H a: 
$3 


» 43. 38. Penitella spelea, Conr., n.s.° Recent formation. San Pedro. 
» 44. 89. Hssurella crenata, Sby. [=Lucapina c.] Recent formation. 
an . 
VL 62, 40. Crepidula rinceps, Conr., n.s. [== C. grandis, Midd.] Recent 
° ormation. anta Barbara. ” 
V. 89. 41. Narica Diegoana, Conr.,n.s. ? Miocene. San Diego. 
y 42, 42. Trochita Diegoana,Conr., n.s. [Like T. ventricosa ; but may be 
Galerus contortus.| ?Miocene. San Diego. 
48. 43. Crucibulum apinosum, Conr.,n.s.t Recent formation. San Diego. 
vi. 49. 44. Nassa taterstriata, Conr., n.s. [=N. mendica, Gld.]. Recent 
formation. San Pedro. 
» 48, 45. Nassa Pedroana, Conr.,n.s. [Comp. Amycla gausapata and its 
congeners.|{ Recent formation. San Pedro. 
» 51. 46. Strephona Pedroana, Conr,n.s. (Comp. Olivella betica.] Recent 
ormation. San Pedro. 
» 50. 47. Litorina Pedroana, Conr.,ns. [=L, plena,Gid.] Recent forma- 
tion. San Pedro. 
» 47. 48, Stramonita petrosa, Conr.,n.8. [Is perhaps Monoceros lugubre.] 


P—. Tulare Valley. 


* Mr. Conrad regards the “ coriaceous cup as characteristic of the genus.” It appea® 
a subgenus of Pholadidea, differing in the form of the plate. Mr. Tryon, “ Mon. Pho 
lad.,” p. 66, restricts it to the Penifella penita, which (according to his di ) has 
one central and two anterior dorsal plates. The closely related P. ovoidea he leaves ™ 
the original genus, as having “two dorsal acpessory valves,” although he allows that “1! 
position cannot be pecurately determined on account of the loss of its dorsal valve. 
Conrad’s fossil has the shape of P. ovoidea ; but although he says that it is “ widely dis: 
tinct” from P. peaita, Iam unable to separate it from the ovoid form of that spec, 
which wil] be found in the Smithsonian series. 

¢ This is certainly Sowerby’s species, to which Conrad gives a doubting reference. In 
the text he gives it as “‘ spinosum, Conr.,” in his table marking it as “ nov. sp.” 

¢ Conrad compares N. interatriata to N, trivittata, Say, and N.Pedroana toN. less, 
Say,and states that the two Atlantic species are “associated with each other both in the # 
and in the Mioocene deposits of Virginia and Maryland.” As the two correlative ae 
are found together, living and fossil, on the Pacific side, there is presumptive evidence 'f 
their having descended from a common stock. 
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Pilate. - No. 
VL 5 49. PGratelumna mactropss, Conr.,n.s, [P= Donaz punctatostriatus. 
PMiocene. Isthmus of Darien. mbles G. Hydeana, Gon 
Eocene. 
» 55. 50. Meretrix Dartena, Conr., ns. (Comp. Cyclina subquadrata. |} 
PMioeene. Isthmus of Darien. 
yy 53. 51. Tellina Dariena, Conr.,n.s. PMiocene. Isthmus of Darien. 
VIi. 57. 52. Natica Ocoyana, Conr.,n.s. [Marked 61 on plate: err.] Ocoya 
or Posé Cree 
y 87. 58. Nation geniculata, Conr., n.s. Ocoya Creek. Resembles N. 
veata, 


y 62. 54. Bulla jugularis, Conr.,n.s. Ocoya Creek. 
» 99. 55. Pleurotoma transmontana, Conr.,n.s. (Marked 60 on plate : err. 
Closely resembles Chrysodomus dirus, Rye. Ocoya Creek. 
56. Pleurotoma Ocoyana, Conr.,n.s. [Omitted in the text] Ocoya Cr. 
72, 857, Syctopus { Ficula,] Ocoyanus, Conr., n.s. Ocoya Creek, 
. 68. Turritella Ocoyana, Conr., n.s. Ocoya Creek. 
» 76. 59, Colus arctatus, Conr.,n.s. Ocoya Creek. 
93 %6. 60. Tellina Ocoyana, Conr.,n.s. Ocoya Creek. 
» @1. 61. Pecten Nevadanus, Conr.,n.s. Very like N. Humphreys, Mary- 
land, Miocene. Ocoya Creek. 
TX. 83. 62. Pecten caliliiformis, Conr., 0.8. Very like P. Madtsontus, Say, 
Virginia, Miocene. Ocoya Creek. 


The following species are not described in the text, but quoted in the list. 
Vide p. 320 :— 


VILL ?78 68. Cardium, sp. ind. Ocoya Creek. 
64. Arca, sp. ind. Ocoya Creek. 


yy  ?80. 65. Solen, sp. ind. Ocoya Creek. 
» P81. 66. Dosinia, sp. ind. Ocoya Creek. 
yy P79. 67. Venus, sp. ind. Ocoya Creek. 
68. Cytherea Pdecisa, Conr. Ocoya Creek. 
60. Ostrea, sp. ind. San Fernando. 
70. Pecten, sp. ind. San Fernando. 
71. Turrstella biseriata, Conr., Pn.s, San Femando. 
VIL P58. 72. Trochus, sp. ind. Benicia. 


» ?50. 73. Turritella, sp.ind. Benicia. 
» $71. 74. Bueotnum Penterstriatum. San Pedro 
* 75. Anodonta Calsfornienss, Lea. Colorado Desert. 

Mr. Conrad, than whom there is no higher authority for American Tertiary 
fossils, considers the age of the Eocene boulder ascertained; and that “ the 
deposits of Santa Barbara and San Pedro represent a recent formation, in 
which (teste Blake) the remains of the Mammoth occur: and the shells indi- 
cate little, if any, change of temperature since their deposition.” But he 
acknowledges that the intermediate beds are of uncertain age. Those on 
Carrizo Creek he refers to the Miocene, some characteristic species being 
either identical with the Eastern Miocene or of closely related forms. In 
addition to the species tabulated in this Report, he quotes, as having been 
collected in California by Dr. Heermann, “ Mercenaria perlaminosa, Conr., 
scarcely differing from M. Ducatelit, Comr.; and a Cemoria, Pandora, and 
Cardivta of extinct species, closely analogous to Miocene forms.” The casts 
from Ocoya Creek were too friable to be preserved, and are figured and de- 
scribed from Mr. Blake’s drawings; these also are regarded as Miocene. The 
San Diegan specimens are too imperfect for identification ; they are referred 
to the Miocene by Conrad, but may perhaps be found to belong to a later 


ba Beveral fossils are figured in plates vii. and Viil., to which no reference is made in the 
text. It is unsafe to conjecture the genus to which many of them belong, but it is pre- 
sumed that they relate to the indeterminate species here quoted. 
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age. The types of these species in the Smithsonian Museum appear too im- 
perfect to determine specifically with any confidence ; and by no means in 2 
suitable condition to allow of important conclusions being drawn from them. 
98. The third article in the Appendix to the same volume of Reports 
contains a “Catalogue of the Recent Shells, with Descriptions of the New 

Species,” by Dr. A.A.Gould. The specimens were (apparently) in the hands 

of Dr. Gould for examination when he prepared the MS. for the first Report; 

and some of them were included in the “ Mexican War Collections,” B. A. 

Report, pp. 227, 228. ‘The freshwater shells were collected in the Colorado 

desert and other localities ; the land and marine shells between San Francisco 

and San Diego.” The following is the list of species as determined by Dr. 

Gould, pp. 330-336. The specimens belong to the Smithsonian Institution, 

where a large portion of them were fortunately discovered and verified. 

They were collected by W. P. Blake, Esq., and Dr. T. H. Webb. 

Plate. Fig. No. 

1. Ostrea, sp.ind. Parasitic on twigs; thin, radiately lineated with 
brown. [ =O. conchaphila, Cpr.] Another species, elongated, 
solid, allied to Virgintca [var. rufoides]. San Diego. © 

2. Pecten monotimeris, Conr. San Diego. 

3. Pecten ventricosus, Sby.,+ tumidus, “Sby. [Dead valves, of the 
form eguisulcatus.| San Diego. 

4, Mytslus Pedults [= M. trossulus, Gld., antea). San Francisco. 

5. Modtola capaz, Conr. San Diego. 

6. Venus Nuttall, Conr. [= V. succincta, Val.|} San Pedro. 

7. Venus fluctsfraga, Shy: San Di 

8. Tapes grata, Say,= T. discors, Sby., “‘=straminea, Conr.”* San 

0 edro 


. Tapes gracilis, Gld.,n.s. Prel. Rep. 1855. [Quite dietinct from 
every other Japes known from the coast. It is supposed by 
Dr. Cooper to be the young of Sazidomus arates, which in 
shape and pattern exactly accord with the figure and di i 
But the “ Tapes” is without sculpture, The shell was 
not found at the Smiths. Inst.] San , Blake. 
10. Cyclas, sp. ind. Colorado Desert. 
XI. 21,22. 11. Cardium cruentatum, Gid.,n.s. Prel. Rep. 1855. [P. Z S. 1856, 
201, = C. swbstriatum, Conr.}] San Diego. [San Pedro, 
lake, in text 
12. Lucina orbella, Qld. [ =“ Mysa (Sphereila) tumida,” Conr.] San 
edro. 
18. Lucina Nuttall, Conr. San Pedro. 
14. Mesodesma Prubrotincta, Sby.t San Pedro. 
15. Tellina vicina, C.B. Ad. [Dead specimens of = Heterodonar 
“ Psammobia,” var.) Pacsfica, Conr.] San Diego. 
17, Shania 2 Obyptom | Caliform Conr. San Di 
. mya ornica, Conr. San . 
. Petricola war totes, hour’ —cvltxaracee, Desh. Monterey ; San 


Pedro. 
19. Solecurtus Californiensis, Conr. San Diego. 
20. Gnathodon Lrecontis, Conr:, = G. rigonum, Petit. Colorado Desert. 
Leconte is probably the exan species: trigonus= men- 
cus is a very distinct shell Mazatlan. | 


* Neither Dr. Gould, nor Conrad himself, in his later geological writings, appears to 
have called to mind the true 7. staminea, to which the Smithsonian shells g. Itis 
the northern representative of J. grata, but quite distinct: ©. synonymy under Venas 
Politi =rigida, rs. 

t No“ esodeema” was found among the shells returned to the Smithsonian Instite- 
tion, nor has any been heard-of from the coast. Dr.Gould’s shell may have been Semele 
pulchra, which was in the collection. 


XI. 19,20. 
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Plate. Fig. No. 
21. Lotta seabra, Qld. [non Nutt., Rve.: =: apectrum, Nutt., Rve.] San 
Francisco. 
22. Lotta patina, Each. San Pedro. 
23. Scurria pallida, Gray,=Lottia mitra, Brod. [= Scurria mitra, 
ech. j= L. conica, Gd. , anted.] San Pedro. 
24. Calyptrea hispida, Brod. [= Crucibulum spinosum, Sby.] San 
of ete San Diego 
25. idea 6 incurva, 3rod.* San Pedro. 
Baha nebulosa, Gid. San Diego. 
27. Bulla (_Haminea virescens, Sby. San Diego. 
XI. 20. 28. Bulla 856, 9 208-] vesicula, Gid, ne Prel. Rep. 1855. [P. Z. 8. 
an Diego 
XI. 27,28, 29. Pal le Patina inculta, Glinne na. Prel, Rep. 1855. 8, Diego. 
S. 1856, p. 209, A to be a Utriculus. | 
30. Theis mestus, Jonas [=C rostoma funebrale, A. Ad.,=mar- 
ginatum, Nutt. Jonas’s species is S. American.} San Die 
XI. 25,26. 31. Phastanella compta, Gld., n.s. vrel. Rep. 1855. [P.Z.8.1 
p- 204.] San Diego, Webb, B 
82. tisrina, 1a ind. [ var. plena, Gla, “San Diego. 
33. Melamp lino, Cp OPT. San Diego. 
34. Okva pleat, "Shy. San P 
35. Potamis Id, n.8. Pra Rep. 1855. alt == Certthidea fus- 
Id., ne P.Z.8.1 C. sacrata, var., teste 
Nuttall, Nuttall, Cooper San Diese, 7, Webb, Bi Blake. 
XI. 6-9. 36. A d., 0.8. Proc, Bost. Soc. N. HL, March 1855. 
“Golo, Dex Desert (Gran Jornada), Webb, Blake 
XI. 10,11. 87. Amnicola longinqua, Gld., ns.’ Proc. Bost. Soc. N. H., March 
1855. Colorado. Desert. (Cienaga a Grane) Blake. 
88, Planorbis ammon, Gid., n.s. Proc. Bost. Soc. N. H., Feb. (Otis, 
Mar. in text] 1855. A very va variable species. Colorado Desert 
Pa Ocoya Creek, Webb, 
XI. 1-5. 89. Physa humerosa, Gid., n.e. Proc. Bost. Soc. N. H., Feb. 1855, 
Colorado Desert, Blake ; Pecos River, Webd 
40. sp. ind. ’Ocoya Creek. 
41. Heliz Vancouverensis, a. San Francisco. 
42. Helix San-Diegoensis, Les. Point Reyes. [No such species, 
43 
44 


teste Binney. ] 
. Helix infumata, Gid. [Otia, p. 215.] Point Reyes. 
. Helix Oregonensis, Lea. Cypress Point. 


99. The fossils of the various Western expeditions were being arranged in 
1860 in the Smithsonian Museum by Prof. J. 8. Newberry, M.D., a natu- 
ralist of rare experience and accomplishments, and author of ‘‘ Reports on 
the Geology, Botany, and Zoology of Northern California and Oregon.” Wash- 
ington, 1857. They are embodied in vol. vi. of the ‘ Pacific Railroad Re- 
ports. The following is a list of the fossils, which were described by 
Mr. Conrad in pp. 69-73, having first appeared in the Proceedings of the 
Academy of Natural Sciences, Philadelphia, Dec. 1856, to which page-refer- 
ences are added. 

Dr, Newberry’s Californian Fossils. 


Page. Plate. 
68. = IL. 1* Schizopyga Cahformana, Conr., Phil. Proc. Dec. 1856, p. 316. 
Partatcing of the characters of Cancellaria and Pyramidella, | 
anta Clara, Cal. 
” ” 2. Cryptomya ovalis, Conr., p. 314. [Closely approaching the recent 
species, C. Caltfornica. } Monterey Co. 
” ” 8. Thracia mactropsis, Conr., p.318. Monterey Co. 


The Crepidule returned in this collection were adwaca and Prugosa, var. 
1963, 2a 
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. Plage. Fig. 
70" IL a Mya Montereyana, Conr., p. $318. [Figure resembles Periplome 
argentaria.| Montere Co. 


5. PMya subsinuata, Conr. [Comp. Macoma tnquinata.| Monterey Co. 
» 2 6. Arcopagia medialis, Cour, p 314. Like A. bpicta, Cour of 


 ) 
the Maryland Miocene. (Ofoeely resembles Ledricola atta, Conr. | 
Monterey Co. 
7. Tapes linteatum, Conr., p. 314. California. 
” ” 8, Arca canalis, Conr., p.814. Santa Barbara. 
” 9. Arca irilineata, Conr., p. 814. Santa Barbara. 
10. Area esta, Conr., é 814. California. 
7. Hh 11. Azinea arbarensis, Conr. aly. resembles Poect. wstermedsus. | 
» 12 Mekinia densata, Conr., p. 818. ? Santa Barbara and shores of 
o Bay. 
Dosinia longula, Conr., p. 315. Monterey. 
PD 3 J 
18. Dosinia alta, Conr., p. 315. Monterey. y 


17. 


” 
” 
9 . 
dy oe 16. Jantra bella, Conr., p. 312, 
2. V. W7e. } Ostrea Titan, Conr., Phil. Proc. 1865. San Luis Obispo. 
Vv 


78. 25. Pandora bikrata, Conr., p. 267. ([Olosely resembles Kenneria 
bicarsnata.| Santa Bar 

” » 24. Cardita oect is, Conr., 1855, p. 267. [P= C. ventricosa, Gid.j 
Santa Barbara. 

” » 28. Diadora crucibukformis, Conr., 1855, p. 267. [P= Pamcturelia 
cucullata, Gld.] Santa Barbara. 


Fossils of Gatun, Isthmus of Darien. 


al. P Cytherea Dariena Conr. [The figure does not a conspe- 
"® die with that i the Blake collection, no. 60.) Galun. 


The northern fossils are supposed by Mr. Conrad to be of the Miocene period, 
and not to be referable to existing species. Those from Sta. Barbara, however, 
are clearly of a very recent age, and probably belong to the beds searched by 
Col. Jewett. But by far the most interesting result of Dr. Newberry’s ex- 
plorations was the discovery of the very typical Pacifio shell, Malea ringens, 
in the Tertiary strata on the Atlantic slope of the Isthmus of Darien, not 
many miles from the Caribbean Sea. The characters of this shell being such 
as to be easily recognized, and not even the genus appearing in the Atlantic, 
it is fair to conclude that it had migrated from its head waters in the Pacific 
during a period when the oceans were connected. We have a right, there- 
fore, to infer that during the lifetime of existing species there was a period 
when the present separation between the two oceans did not exist. We 
may conclude that species as old in creation as Malea ringens may be found 
still living in each‘ocean ; and there is, therefore, no necessity for creating 
‘“‘ representative species,” simply because, according to the present configu- 
ration of our oceans, we do not see how the molluscs could have travelled to 
unexpected grounds. 

100. In vol. vii. of the Pacific Railroad Reports, part 2, is the Geological 
Report, presented to the Hon. Jefferson Davis, then Secretary of War, by 
Thos, Antisell,M.D. He states reasons for believing that during the Eocene 
period the Sierra Nevada only existed as a group of islands; that its final 
uplifting was after the Miocene period ; and that during the whole of that 
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period the coast-range was entirely under water. The Miocene beds are 
above 2000 feet in thickness, and abound in fossils generally distinct from 
those of the eastern strata. There is nothing in California answering to the 
Northern Drift of the countries bordering on the Atlantic. The molluscs of 
Dr. Antisell’s Survey were described by Mr. Conrad, pp. 189-196. He 
remarks that “the fossils of the Estrella Valley and Sta. Inez Mountains are 
quite distinct from those of the Sta. Barbara beds, and bear a strong resem- 
blance to the existing Pacific fauna. The Miocene period is noted, both in 
the eastern and western beds, for the extraordinary development of Pectt- 
nide, both in number, in size, and in the exemplification of typical ideas.” 
It also appears to be peculiarly rich in Arcada, which are now almost 
banished from that region, while they flourish further south. The large 
Amusium caurinum and the delicate Pecten hastatus of the Vancouver district, 
as well as the remarkable Janira dentata of the Gulf, may be regarded as a 
legacy to existing seas from the Miocene idea; otherwise the very few 
Pectinids which occur in collections along the whole West Coast of North 
America is a fact worthy of note. Mr. Conrad has “no doubt but that the 
Atlantic and Pacific oceans were connected at the Eocene period ;” and the 
fossils here described afford strong evidence that the connexion existed during 
the Miocene epoch. All the species here enumerated (except Pecten deserti 
and ‘“‘ Anomia subcostata”’) were believed to be distinct from those collected 
by the preceding naturalists. 


Dr. Antisell’s Californian Fossils. 


Page. Plate. Fig. 
190. IL 1,2,  Hinnites crasea, Conr. (?=H. gigantea, Gray.] Sta. Mar- 
[I. err. typ.] garita. 
” I 1. Pecten Meekii, Conr. San Raphael} Hills. 
” Pecten deserti, Conr. Blake’s Col., p.15. Corriso Oreek. 
” HL 1. Pecten discus, Conr. Near Sta. Iiiez. 
191. L 2. Pecten magnolia, Conr. [Probably= P. Jeffersonsus, Say, Vir- 
ginia.} Near Sta. Iiez. 
” Ill. 2. Pecten altiplicatus, Conr. San Raphael Hills. 
” it. 38,4. Pallium Estrellanum, Conr. (Janra.] Estrella. 
, I 8. ndylus Estrellanus,Conr. ([PJanira.] Estrella. 
182.. Vz 3,5. Tapes montana, Conr. San Buenaventura. 
” Vi, 1. Tapes Inezensis, Conr. Sta. Ifez. 
9 IV. 1,2. Venus Pajaroana, Conr. Pajaro River. 
” IV. 3,4 Arcopogia unda, Conr. Shore of Sta. Barbara and Estrella. 
[Closely resembles A. diplicata ; P = Lrdricola alta. | 
” VIL 4 Cyclas permacra, Conr. Sierra Monica. Resembles C. pan- 
duta, Conr.,= Lucina compressa, Lea. 
” VI 6. Cyclas Estrellana, Conr. Estrella. 
' V. 1. Arca Obispoana, Conr. San Luis Obispo. 
183, V. 2,4 Pachydesma Inezana, Conr. [Like FP. crassatelloides.| Sta. 
nez Mts. 
” VI. 1,2. Crassatella collina, Conr. Sta. Iiiez Mts. 
” I. 8.  Ostrea subjecta, Conr. “May be the young of O. Panzana.” 
Sierra Monica. 
” I. 4. Ostrea Panzana, Conr. Panza, Estrella, and Gaviote Pass. 
” Dostnia alta, Conr. Salinas River. 
' VIL 2. Dosinia longula, Conr. Salinas River. 
184. VL 4  Dosinia montana, Conr. Salinas River. 
” VI. 5. Dosinia subobliqua, Conr. Salinas River. Also a small Venus, 
a Natica, and a Pecten. 
» VIL. 2,3. Mytilus Inezensis, Conr. Sta. lies. | 
” V. 6.  Ldraria transmontana, Conr. Allied to L. papyria, Cony. 


Los Angeles; also San Luis. 
202 
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Plate. 
19, VL 3. | Azxinea Barbarensis,Conr. Los Angeles. [P= svermecdias.' 
” VIL 38. ? Mactra Gabiotensis, Conr. Gaviote Pass. May be a Sch:- 
zodesma. Associated with Mytilus sp. and infundtbutum 
Gabtotensis, 
- Vi. 6. Glycimerts Estrellanus, Conr. Panza and Estrella Vallers 
Allied to Panopea refleza, Say. [P= P. generoea, Gid 
195. Perna montana,Conr. S.Buenaventursa. Allied to P. marslata. 
” Vit. §&. Trochita costellata, Conr. Gaviote Pasa. 
» VOY 4. Turritella Inezana, Conr. Sta. Inez Mta. 
» VU 6. Turritella variata, Conr. Sta. Iiiez Mts. 
» X. 6,6. Natica Inezana, Conr. [?Lunatia Lewis.) Sta. Inez Mta. 

As before, the fossils appear to be in very bad condition. The succeeding 
palsontologists who have to identify from them are not to be envied. Their 
principal value is to show what remains in store for future explorers. The 
extreme beauty of preservation in the fossils collected by Col. Jewett, rivalling 
those of the Paris Basin, and sometimes surpassing the conspecific living 
shells, makes us astonished that so large a staff of eminent men, employed 
by the Government, made such poor instalments of contribution to malacolo- 
gical science. The plan, too often followed, of remunerating naturalists, not 
according to the skilled labour they bestow, but according to the number of 
** new species” they describe, is greatly to be deprecated. Further-kmnowledge 
concerning the old species may be more important in scierifific inquiries than 
the mere naming of new forms. It is generally a much harder task to per- 
form, and, therefore, more deserving of substantial as well as of honourable 
acknowledgment. ‘ 

101. The shells collected on the North Pacific Railroad Survey were in- 
trusted to W. Cooper, Esq., of Hoboken, New Jersey, for description: Dr. 
Gould being occupied with preparing the diagnoses of the N. Pacific E. E. 
species, Judge Cooper was at that time the only naturalist in America known 
to be actively engaged in studying the marine shells of the West Coast, of 
which he has a remarkably valuable collection. He had rendered very valu- 
able service to the Smithsonian Institution by naming their speamens. Un- 
fortunately, there is such great difficulty even in New York city (of which 
Hoboken is a suburb) in obtaining access to typically named shells, as well as 
to many necessary books *, that, notwithstanding the greatest care, errors of 
determination are almost sure to arise. 

The “ Report upon the Mollusca collected on the Survey, by Wm. Cooper,” 
forms No. 6 of the Appendix, pp. 369-386, and errata. (Unfortunately the 


* Both Judge Cooper and Dr. Lea informed me (1860) that they had not been able 
even to see a copy of the plates to the U. 8. Expl. Exped. Mollusca. Through special 
favour, I was enabled to obtain a series of the proofs to work by. The Smithsonian Insti- 
tution, though intrusted with the Keeping of the collections, was not favoured with a copy 
until after the war began, when the whole series was granted by Congress. Senator 
Hale, of New Hampshire, is reported to have spoken and voted for the motion “ in order 
that the two greatest humbugs (viz. the Exploring Expedition and the Smithsonian Insti- 
tution) might go together.” Judge Cooper had derived great assistance from the British 
Association Report, and has communicated many corrections in it. In the alterations of 
synonymy, and in defining the limits of apecific variation, I have had the benefit of his 
counsel and experience ; and havo rarely felt compelled to differ from him. Having him- 
self collected extensively in the West Indies, he had excellent opportunities of comparing 
fresh specimens from the now separated oceans. Iwas fortunate enough to meet his son, 
Dr. J. G. Cooper, at the Smithsonian Inetitution, and to examine the types of the species 
he collected (which are here enumerated) with the advantage of his memory and know- 
ledge. His later contributions to the malacology of W. America will be afterwards enu- 
merated : his valuable Treatise on the Forests and Trees of North America will be found 
in the Smithsonian Reports, 1858, pp. 246-280. 
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‘work had been carelessly printed.) It contains the following species, the 
localities quoted in the text from other sources being here omitted :— 


300. Murex aa Gmel.,= ©. monodon, Esch. (Cerostoma). San Diego, ? fossil, 
assidy. 

yy Murex festivus, Hds. Dead. San Diego, Cassidy. 

x» I riton Oregonensis, Redfield (non Jay, nec Say) = 7. cancellatum, Midd., 
Rve., non Lam. Straits of De Fuca, Suckley, Gibbs, J. G. Cooper. 

870. Chrysodomus antiquus, var. Behringiana, Midd., one specimen. Straits of De 
uca, Suckley. ome. Chr. tabulatus. | 

9»  Chrysodomus Mi endo fis Coop., n. 8.,= Tritontwm decemcostatum, Midd. 
One specimen on the shore of Whidby’s Island. Straits of De Fuca, J. G. 

Cooper. [= Buc. liratum, Mart. This being a remarkable instance of a 
“ representative species,” it requires to be minutely criticized. Judge 
Cooper compared his specimen with 130 eastern shells, and noted the differ- 
ences with great fulness and accuracy. A series of Middendorff's Pacific 
shes having been brought to England by Mr. Damon, and sold at high 
prices, I made a searching comparison of one of them with the eastern 
specimens furnished me by Judge Cooper and other most trusty naturalists. 
ccording to the diagnosis of Middendorffis, it should be referred to C. de- 
cemcostatus, Say, and not to the De Fuca species, as it in all respects 
. with the eastern peculiarities quoted, except that the riblete near the canal 
are rather more numerous and defined. As it might be suspected that 
Mr. Damon's shells were mixed, I have made a similar comparison with a 
shell from the N. W. coast, sent to the Smiths. Inst. by Mr. Pease, and with 
the same result. On examining the specimens in the Cumingian Collection, 
in company with A. Adams, Esq., we were both convinced that the eastern 
and western forms could not be separated. In the similar shells collected 
by Mr. Adams in the Japan seas there are remarkable variations in the de- 
tails of eculpture. } 
871. Chryeodomus Aitchensis, Midd. [ =:tneteus, Gld.,=dirus, Rve.}. Str. De Fuca, 
Suckley, Gibbs. 

» Nassa mendica, Gld. Puget Sound, Suckley. 

» Nassa Gidbmi, Coop.,n.s. “ Resembles N. tricittata more than N. mendica.”’ 
Port Townsend, Puget Sound. [In a large series, neither Dr. Stimpson nor 
I were able to separate this species from N. mendica. Similar variations 
are common in British Nasse. Picked individuals from the Neeah Bay 
series would probably be named érivittata, if mixed with eastern shells. } 

» Purpura lactuca, Esch.,+ M. ferrugineus, Esch., = P. septentrionalis, Rve. Puget 
Sound, Swckley, Gibbs; Shoalwater Bay, Str. de Fuca, J. G. Cooper. 
“Abounds on rocks and oyster-beds in Shoalwater Bay, the form and 
amount of rugosity depending on station. The oyster-eaters are smooth 
even when young. "—J. G. C. 

$72. ostrina, Gld.,= P. Freycinetsi, Midd., non Desh. +P. decemcostata 
t oop., non} Midd. Rocks above low-water mark; from mouth of Hood's 
an 


to Str. Fuca; Puget Sound, common, J. G. Cooper 
» Purpura dapillnus [Coop non} Linn. [=P. saricola, Val.] Str. De Fuca 
Puget Sound, J. G. Cooper. “Found with P. ostrina, and equally common.’ 
[Some varieties run into the New England form of P. lapsllus, sufficiently 
nearly to justify the identification ; but the bulk of the specimens are easily 
distinguished by the excavated columella. They pass by insensible grada- 
tions to P. ostrina, Gld., which is a rare and extreme variety. Many of the 
shells called P. Freycinet’ by Midd. are certainly referable to this species. 
Some forms pass towards the true P. Freycinetss, Desh., while others are 
equally close to the very different P. emarginata Desh. 
emarginata, Desh.,= P. Conradi, Nutt. MS, ‘ Upper California,” 
rask; San Diego, Trowbridge. [This appears to be exclusively a southern 


form = saxicola, var. 
» Afonoceros Conr., = M. unicarinatum, Sby. San Pedro, Dr. Trask. 
373. Monoceros lapilloides, Conr.,=M. punctatum, Gray. San Pedro, Dr. Trask. 
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Columbella gausapata, Gid. Str. de Fuca, Suckley. 

Columbella Bok, Pm non] Gld. [= Buccinum corrugatum, Rve.] Str. 
de Fuca, Suckley. 

Natica Lewisti, G\d.,=.N. herculea, Midd. Puget Sound, J. G. Cooper, Suck- 
ley. “ Shell sometimes remarkably globose, sometimes with spire much 
roduced.” W.C. “ Abundant throughout the N.W. sounds, and cel- 
ected in great numbers by the Indians for food. In summer it crawls 
above high-water mark to deposit ita eggs” in the well-known sand-coils, 
which are “beautifully symmetrical, smooth, and perfect on both sidea.”— 

Potamis pullatus, Gid. A variable species. U. Cal., Trask. 


. Melania plicifera, Lea. Very common in rivers, W.T., J. G. 


Melania silicula, Gid. [=one of the many vars. of Mu phefera, teste Lea}. 
In rivers, W. T., Nisqually and Oregon, J. G. Cooper. 
elania Shortaénsis, Lea, MS. {= Shastaénsis, Lea}. Willopah River, J. G. 


Cooper. 
Amnicola Nuttalliana, Lea, Phil. Trans. pl. 26. f. 89. Columbia River, J. G. 


Cooper. 

Amnicola seminalis, Hds. U. Cal., Trask. (Belongs to Dr. Stimpson’s new 
genus, F'lumintcola. 

Turritela Eschrichtu, Midd. [= Bittium filosum, Gld.}. Puget Sound, Suck- 

bbs. . 

“ Lorine rudis, Gld., Stn.”’ [Cooper, non Mont.]. Shoalwater Bay, De 
Fuca, J. G. Cooper, Suckley, Gibbs. “Very abundant on the N.W. coast. 
where it presents the same varied appearances as our eastern shell.” — WV. C. 
[To an English eye, it appears quite distinct. L. rudts, Coop., with sub- 
tencbrosa, Midd ' and modesta, Phil., are probably vars. of L. Sttkana, Phil., 

=I. sulcata, . 

Iatorina scutulata, Ga On rocks, from the head of Puget Sound to De Fuca, 
J. G. Cooper. 
itorina planarit, Nutt. [=Z. patula, Gid.]. San Luis Obispo, Dr. Antisell. 

Trochus filosus, Wood, = T. igatus, Gld.,= 7. modestus, Midd. Str. de Fuca, 
J. G. Cooper; U. Cal., Trask. [=T. costatus, Mart. } 

Trochus Schantaricus [Coop., non] Midd. [= Marg. pupilla, Gid.,= M. calo- 
stoma, A. Ad.] Str. de Fuca, J. G. Cooper, abundant. 

Haliotis Kamtschatkana, Jonas. Nootka Sound, Capt. Russell, teste Trask. 

Haliotis corrugata, San Diego, Cassidy. . 

Haliotis splendens. San Diego, Cassidy. 

Haliotis rufescens. San Diego, Cassidy. ; 

Haliotis Cracherodts. (None of the rare var. Caltforniensis.) S. Diego, Cassidy. 

Fissurella nigropunctata, Sby. Two specimens sent by Dr. Trask as cominz 
from Catalina Is., U. Cal. [Pimpo . 

Fissurella aspera, Esch.,? =cratitra, Gid., P =densiclathrata, Rve. [ = Lincoini. 
Gray. This is certainly Gould's species from ;_but Reeve's shell is 
southern, and appears distinct.] U.Cal., Liew. Trowbridge. 

snstabils. 


. Nacella 
Acmaa pelta. The fw shells collected of this famil ostly i 
‘Acmeea persona. e few collected of this y are mostly imper- 
deme qeinam. + {% Dub eppons to belong Jo the pacing quoted fo 
Aemeaa scabra. ti ah 2 neonate on Report. © @ 
Acmea @ruginosa. po 
Scurria mitra. 
Chiton muscosus. Still fewer materials, among which the quoted species 
Chiton submarmoreus. were identified. e “submarmoreus,” both of 
Chiton tunicatus. Midd. and Coop., may prove to be Tonicia Lneata, 
Chiton lignosus. var.] Chiefly from Oregon. 
Helix pare Gray,= Nudtaliana, Les. Forests W. of Cascade Mountain, 

W. I., J. G. Cooper. 

Helis T: 


ownsendiana, | “Common in rairies near the but not 
near t Sound,” W.T., J. G. Cooper.” P “ee 
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378. Hekz Columbiana, Lea,=labiosa, Gia. “In wet meee from Vancouver 
to the coast, not near Puget Sound,” W. T., J. GC 
377. Hekz Vancouverensis, Lea [+ +-eportella, G Gid., "teste Bland]. “ West of Cas- 
& nt 


378. 


cade Mountain; most 
Island,” W. T., J. G. Cooper 


alder-groves ; ; also on Whidby’s 


Helix devia, Gld. wo Basher bles, Pfr. Two sp. in damp woods, near Van-~- 


couver, W. T., J. G. Cooper 


Hekiz tudiculata, Binn. Rare, with the last, Vancouver; also Washington 


Territo 2 J. G. C 
ana, Lea. Rare and dead, at Vancouver, J. G. Cooper. 


Lamar Coherabianae’ Gld. “Abundant in dense, damp spruce-foresta, near 


Pacific conat grows to 6 inches, and is smooth, not rugose, when living,” 
J. 


Tamnea emarginata, Say. Lake Oyosa Ohara River, J. G. ooper. 
Lamnea juguaris, Say. - Lake Oyoaa, Okanagan River, J. 
Physa elongata, Say. Near Puget Sound, J. G. . 


heterostropha, Say. Ponds in W.T., J. G. per 


Physa 
Physa bullata, Gid. MS. Lake Oyosa, W.., J. 


lus caurinus, Coop., Pn.s. Pe: Wutlal, Hala Coop. MS.] Black 


River, near Puget Sound, J. 
Planortis 


Cooper. 
us, Say. Lake Oyosa, W. T., JG. C 


‘ooper. 
Flanorbis trivolois, Say. cgutoooding y abundant in shallow lakes near Van- 


paenver, W 
plaradatus,( Coop a n.s. “A small carinated species, found onl 
Piekee on Pav hidby 8 Taland, "J. G.C (Comp. P. opercularis, Gld. 


Bulla nebulosa, Gid. Ba of S. Pedro, ask. 
Bulla tenella, A. Ad. in Sby. tie pl. 134. f. 104 [P]. Puget Sound, one sp., 


[P= Haminea 


Ostrea edulis, Coop. [non eae := O. lerida, Cpr.]. De Fuca and Puget 


Sound, Gibbs ; oalwater Bay, Cooper. “ ‘Small in Puget Sound; finer in 
Shoalwater Bay, which supplies S. cisco market ; large at Vancouver's 
Island ; very large near mouth of Hood’s Canal.” 


Flacun |anomia macroschisma, Desh. De Fuca, Gibbs; Nootka Sound, Capé. 
Pecten caurinus, Gid. De Fuca, Swckley. One of the specimens measures 


23 inches in circumference and 8 in. across. 


Pocten ventricoeus, Sby., + tuansdoes, Sby. [= Pvar. equisulcatus, Cpr.]. Upper 


Cal., Trask; San Diego, C 


Mytilus edulis, Ln, Shoalwater Bay, Cooper. “As abundant as in Europe 
y 


and N . England, with the same variations, and when eaten occasio 
urticaria.” —J. G. Cooper 


Mytilus ornianus, Conr. Puget Sound, Fort Townsend, Suckley, Gibbs ; 


-» Trask, One specimen is 9} inches long 


Mods capaz Coo porno} Conr. [ = M4. modiolus, La} Not common. Str. 
Modiola flabellata, Qld. id P t S. and Str. de Fuca, Gibbs. Siar Midas Mest 


ind., like falcatus. [Probably Adula stylina, Cpr 
near mouth of Umpqua ver, Oregon, Dr. Vollum. ”y “Pr-] 


881. Arca grandis, Coop. [non Brod. and Sby. y= A. multscostata, Sby.]. One sp. 


” 


living. San Diego, 


Mergartiona margariisfera, ' =x Alasmodonta falcata, Gld. River Chehalis, 


W.T., C ; Shasta River, Or., Trask. After careful compari 
wich ocstorn S. specimens, and those from Newfoundland and 
Tudge Coope Cooper agrees with Dr. Lea that the N.W. shells are at most a lig { 
variety. “The most abundant of the freshwater bivalves, and the onlyS one 
et found in the Chehalis, the streams running into Puget Sound, and most 
es of the Columbia. No species is found in the streams running into 
Bhoalwater Bay. Eaten by the Indians E. of the Cascade Mountains,” 
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881. Anodonta angulata, Lea,+.A. feminalis, Gid. Plentiful in Yakima River, 
W.T., Cooper. A series of specimens of various ages leads Judge Cooper 
to endorse Dr. Lea’s opinion of the identity of the two species. 

yy Anodonta Oregonensis, Lea. Rivers of W.T., Cooper. 

», Anodonta Wahlamatensis, Lea. Lagoons in Sacramento River, Dr. Trask. 

882. Cardium Nuttali, Conr. Shoalwater Bay and Puget Sound, Cooper; San 
Franc., Dr. Bigelow, Trask. “The most abundant clam of Shoalwater Bav, 
inhabiting sandy mud, a few inches below the surface. The Indians feel 
for them with a knife or sharp stick with great expertness. In July many 
come to the surface and die, ? from the sun’s heat.’ 

yy. Cardium quadragenarium, Conr. One valve. San Luis Obispo, Dr. fatisell. 

yy Lucina Calsfornica, Conr. San Diego, Cassrdy. 

»»  Cyclas,sp.ind. Whidby’s Island ; pools near Steilacoom, Cooper. 

y» Venus staminea, Conr.,+ Venerupts Patitit, Desh.,4+ Venus rigida, Gid. [pars™, 
+ Tupes diversa, Sby. Shoalwater Bay and Puget Sound, Cooper, Suck- 
ley; San Francisco, Trask; San Diego, Lieut. Trowbredge. [To the 
above synonymy, by Judge Cooper, the large series of specimens in the 
Smithsonian Mus. compels an assent. He considers Tapes stramuinea, of 
Sby. Thes., to be a variety of V. Aistrionica, but it more probably = T. 
grata, as Dr. Gould appears to have considered it, having copied Sowerby’s 
error. Conrad named it, not from the colour, as was supposed when quoti 
it as “straminca,” but from the thread-like sculpture (teste Conr. ips.). 
Whatever be the form, colour, or sculpture of the shell, Judge Cooper 
remarks in all the same characters of teeth and hinge; we may add also, of 
the pallial sinus. 

883, Saridomus Nuttalli (Coop., non] Conr.,+ Ve is gigantea, Desh.,+ Venus 
maxima, Phil. (?]. Near Copalux River, south of Shoalwater Bay, com- 
mon at Puget Sound, Cooper; Bodegas, Cal., Trask. “Much superior to 
the Atlantic qguahog as food, but called by the same name. Its station is in 
somewhat hard eand, near l.-w. mark,” J. G.C. [Judge Cooper regards all 
the Saxidomi of the coast, except S. aratus, as one species. The southern 
form, “with rough concentric strise and brown disc,’ is Conrad’s species ; 
“others from Oregon are much smoother, without regular strie.”’ These are 
8. squatidus, Desh. Dr. Cooper found “a fossil variety, in coast-banks 10 
feet above sea-level, which is well figured in Midd. and (lesa distinctly) b 
Desh. <A Californian specimen measures 4°8 in. across.” The fossils, throug 
disintegration, often assume the aspect of Venus Kennerleyi, the former 
margins remaining as varical ridges, while the softer interstices have 
perished. 

»» Venus lamellifera, Conr.,= Venerupis Cordieri, Desh. San Diego, Cassidy. 

384. Intraria maxima, Midd., = L. capar, Gld. [= Schizotherus Nuttalli, Conr.' 
Shoalwater Bay, Cooper. San Francisco, Trask. “ Lives buried nearly 2 feet 
in hard sand, near 1. w. mark, its long siphons reaching the surface; also in 
many parts of Puget Sound up to near Olympia. It is excellent food, and 
a chief article of winter stores to the Indians, who strmg and smoke them 
in their lodges. Length, 75 in. The burrows are found in the cliffs, 10 feet 
above high water, with all the other Mollusca now living; and two, not 
now found, were then common [viz. ?...]. The Indians have no tradition 
as to the elevation, and the ancient trees show no signs of the irregular 
upheavings which raised the former levels of low water, by successive 
stages, to a height now nearly 100 feet,” J. G. C. 

» Lellina nasuta, Conr. Common, from L. Cal. to the Arctic Seas. Shoal- 
water Bay, Cooper; Puget Sound, Suckley San Francisco, Trask. 

»  ellina edentula [Cpr., Coop., not Brod. and Sby.,= Macoma secta, var. edulis, 
Nutt.]. Puget Sound, Gibbs. 

» ellina Bodegensis, Hds. Shoalwater Bay, rare, Cooper; mouth of Umpqua 
River, Vollum. ; 

$85. Sanguinolaria Californiana, Conr. “Common at the mouth of the Columbia 
and other rivers, and high up salt-water creeks,” Cooper. [= Macoma 
inconsptcud, Brod. and Sby. ] 
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Se. Solen sicarius,Gld. One dead shell, near Steilacoom, Puget Sound, Cooper. 
“ Probably abundant on the mud-flats near the mouth of the Nisqually 
River,” J. G. C. 

», Machera patua, Port]. and Dix. (Coop. errata; Nedtalis in text), = Solen 
maximus, Wood, non Chemn.,= rtus Nuttallis, Conr.,= Machera cos- 
tata, Midd., non Say. Washington Ter., Cooper. ‘Burrows a few inches 
from the surface, at the edge of the usual low tide; is justly considered 
(oxce t the oyster) the best of the many fine eatable molluscs of the coast. 

t is the only truly marine mollusc found near the Columbia River; extends 
northwards wherever the beach is sandy, but not known in the Straits of 
de Fuca,” J. G. C. ; 

» Myc cancellata, (Platyodon), Conr. Dead valves, St. Luis Obispo, Dr. 


nivee 

»  Sphenia Calsformict, (Cryptomya), Conr. San Francisco, Trask. 

3368. Mytikmeria Nuttalk, Conr. A group, nesting in a white, friable, arenaceous 
substance, was obtained at San Diego by Lueut. Trowbridge. 

» Pholas { Pholadidea) pentta, Conr., = P. concamerata, Desh. From worn rock 
which drifted into Shoalwater Bay, attached to the roots of Macrocystis, 
the giant seaweed, Cooper; De Fuca, Suckley; mouth of Umpqua River, 
Oregon, Dr. Vollum. 

The above list must be considered as a résumé, not merely of the shells of the 
N. P. Railroad Survey, but also of all those examined by Judge Cooper, from 
the Smithsonian Museum and from his own private collection. It is pecu- 
liarly valuable as preserving the notes concerning station, &c., of the original 
explorers,.and has therefore required a more lengthened analysis. 

The land-shells collected byDr. Newberry in the Pacific Railroad Survey were 
described by W. G. Binney, Esq., with his accustomed accuracy. His paper 
will be found in the Reports, vol. vi. pp. 111-114. The following are the 
only species enumerated :— 

1. Helix fidelis, Gray, Chem., Pfr., Rve.,= H. Nettalliana, Lea, Binney, sen., De 
Kay. Portland, Gregon, Newberry. Local. 

2. Helix in , Gid, . Bost. N. H. S., Feb. 1855, p. 127. ills near 
San cisco, Newberry. Extremely rare. 

3. Hele ¢ @ruginosa, Gid., var. B. loc. cit. North of San Francisco, Newberry. 


4, Heliz Dupetithouarsi, jun., Desh., Chem., Pfr., Rve.,.=H. Oregonensis, Lea, 
Pfr. San cisco, Benicia, Cal.; Klamath Lake, Oregon; Newberry. “One 
of the commonest and most widely distributed species of the Pacific region.” 

102. The U. 8. Government also sent out a “ North-west Boundary Com- 
mission,” in charge of Archibald Campbell, Esq. The natural-history 

arrangements were superintended by the Smithsonian Inst., and Dr. C. B. R. 

Kennerley was appointed naturalist to the Expedition. At his request, I 

undertook to prepare a Report of the Mollusca, to be published and illustrated 

in a form corresponding to the Pacific Railroad Reports ; Dr. Alcock kindly 
undertaking to dissect the animals, and Mr. Busk to examine the Polyzoa. 

Dr. Kennerley died on his return from a three years’ exploration ; and the 

civil war has thus far delayed any further publication. The materials have, 

however, been thoroughly investigated. They consist principally of dredg- 

ings in Puget Sound. On reference to the maps published by the U. 8. 

Coast Survey, it will be seen that this inland sea consists of a remarkable 

labyrinth of waters, fiord within fiord, and only indirectly connected with 

the currents of the Pacific Ocean. It might therefore be expected to furnish 
ts with the species of quiet migration, and perhaps with those still living 
from a period of previous altered conditions. No doubt it will furnish new 
materials to reward the labours of many successive naturalists. The pre- 
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maturely closed investigations of Dr. Kennerley are only the beginning of a 
rich harvest. Dr. George Suckley, late assistant-surgeon of the U.S. army. 
was appointed to complete the natural-history work, after his lamented 
death. A complete list of the species collected will be found in the fifth column 
of the Vancouver and Californian table, v. infra, par. 112. The particulars 
of station, &., and all the knowledge which the laborious explorer had col- 
lected, are lost to science. It is quite possible that some of the species here 
accredited to Puget Sound were obtained in neighbouring localities in the 
Straits of De Fuca. The specimens are in beautifully fresh condition, and 
of most of them the animals were preserved in alcohol. The following are the 
shells first brought from the Vancouver district by the American N. W. 
Boundary Commission, the diagnoses of new species being (according to 
custom) first published in the Proceedings of the Ac. Nat. 8c. Philadelphia. 


No. 

1. Zirphea crispata. Two livin cimens of this very characteristic Atlantic 

2. Saticava pheadis Several living specimens. 7 aa 

8. Sphenia ovoidea, n.8. One sp. living. 

4 tomya Calfornica. Several living sp. 

5. Thracia curta. One specimen. 

6. Mytilimeria Nuttallis. Three sp. living at base of test of Ascidian. [The animal 
red too peculiar to venture on a dissection. It has been entrusted to 

. Alcock, of the Manchester Museum.) 

7. Neera pectinata, n.s. One sp. living. 

8. Kennerlia flosa, n.s. and n. subg. Several living specimens. 

9. Psammolna rubroradiata. One fresh specimen of uniform tint. 

0. Macoma (Pv.) expansa. Adult broken ; young living. Belongs to a of 
forms classed together by some writers under lata or proxima, but the c 
racters of the hinge and mantle-bend have not yet been sufficiently studied. 

11. Macoma yoldiformis, n.s. One valve. 

12. Angulus modestus, n.8., but clogely allied to the eastern A. tener, Say. Two 

. living. 

128. Angulus (i modestus, var.) obtusus. Several fresh specimens 

18. Clementia subdiaphana, n.s. Very rare living. termediate between Cie 

mentia proper and the prora group of thin Calista. 

14. Psephis Lordi, Baird. Several living sp. from which the subg. was eliminated. 

15. Venus Kennerlyi, Rve. Very rare. One sp. living. Some of the ahells called 

V. astartoides by Midd. may be the young of this, 
16. Petricola cardstoides. Several fresh specimens. 
17. Astarte (P var.) compacta. One sp. living; may hereafter be connected with 4. 


compressa. 
18. Serripes Greenlandicus. Several young living specimens. 
19. Lacing tenuisculpta, n. 8& Two living specimens, of which one had the surface 
isinte . 
20. todon 8 catus, n.8. One living sp. 
21. Kells Laperoust. A few living specimens. 
. Kellia bicularis. A few living specimens. 
23. Lasea rubra. One sp. living. 
2A, Pythina rugifera, n. a. Two living sp. Intermediate between Pything and 
25. Tellum a tumida, n.s. One sp. living. 


27. Modtolaria marmorata. One sp. living. (A shell in the U. 8. E. EB. Col, 
though marked “ Fiji” in Dr. Gould’s MS. list, probably came from Puget 
Sound, being thus confirmed.) 

28. Nucula tenuis, Two sp. living®. 

20. Acila castrensis. One sp. living. 

30. Leda fossa, Baird. One no sp. living. 


© These species were kindly determined by Mv. Hanley. 
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31. Leda minuta, Linn. One ep. Living 
32. Yoldia lanceolata, J. Sby. Two 
. Yoldia am dala. One sp. living | 
34. Haminea he ydatis. Two sp living. 
35, 86. Two species of Tectibranchiates, not yet worked-out by Dr. Alcock. 
37. Tornatina extmia, Baird. Abundant, living. 
Cylichna (Pvar.) attonsa. One livi "P obably a variety of cylindracea. 
Dentalhium rectius, Ais B. oo rare, de 
Acanthopleura scabra. e young iving sp. 
Mopalia Gray, n.8. One ving sp. 
Monch Hindsit. One li diving g i 
sp. li icy. A well-marked group in the genus. 
ton ( Trachydermon) trifidus, n. 8. One living sp. 
Ischnochiton ( Trachydermon) flectens, n.8. One living sp. 
Ischnochiton ( Trachydermon) retiporosus, n. 8. One living gp. 
Ischnochiton Lepidoplewrus) Mertens. , living. 
Lepeta cacoides, n. 8. Three ep. living 
mM, D. 8. e living 


. Calliostoma varie egate v8 FF unite 
51. Margarita P Vahiu. Three sp. living, = , Joffr., teste A. Ad. 


518. Bar garita (Pv. Dt tenuisculpta. Perhaps a var. of Pat Vole, but sculptured. Several 


op ving 


PSEBSEREBRESEES! 
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52. Margarita lirulata, n.s. Several living specimens, forming a Darwinian group, 
of which var. «. subelevata, var. B. obsoleta, and Pvar. y. conica might pass 
for species from single specimens. 

58. Margarita inflata, n. 6. o sp. living. 

54. Mesalia lacteola, Pn. Two sp. living, but eroded. May prove a var. of 

54d. Mesalia (Plasteola, var.) subplahata,” Tw li but eroded. 

var nata o sp. living, but er 
. Lacuna mincte One ih specimen. 
. Reissoa compacta, | n.s. Not uncommon, living. 
. Dritha incisa, n. 8. Two fresh imens. 
. Drillia cancellata, n.s. One adolescent specimen. 
. Mangela levidensis, n os One fresh specimen. 


. Falime aivane nia wt area 
. Velutina levigata. Several fine living specimens. 
" Nusdella Godt Two fiving | th 
3) o li ens, e genus. 

. Trophon multicostatus. wo Hock spectinsus, proving the gen 
. + Chrysodomus Ptabulatus, Jun. One young p 
Chr yoodomus recttrostris,n.a. One living s 

wo species of Cephalopods, not yet iated. 


Besides adding more than 70 marine species tothe Vanoouver branch of the 
Californian fauna, from specimens in good condition, without a single bal- 
last or exotic admixture, the confirmation of many species, which before 
rested only on the uncertain testimony of the U.S. E. E. labels, and the 
affiliation of others which, on the same testimony, had been wrongly assigned 
to distant and erroneous localities, was no slight benefit to science. The 
land and freshwater species of the Expedition will be found tabulated, with 
others, in the separate lists; par. 115. 

103. While the. American naturalists were thus actively engaged in ex- 
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+ These species were first found by Col. Jewett at Ste. Barbers. Vide p. 537. 
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ploring the regions south of the political boundary, similar explorations, on 

a less extensive scale, were being made under the direction of the British 

Government. The naturalist to the British North American Boundary Com- 

mission, during the years 1858-1862, was J. K. Lord, Esq., F.Z.S. He made a 

very valuable collection of shells in Vancouver Island and British Columbia, 

the first series of which was presented to the British Museum. The new 
species were described by W. Baird*, Esq., M.D., F.L.S., in a paper com- 
municated to the Zool. Soc., and published in its ‘ Proceedings,’ Feb. 10th, 

1863, pp. 66-70.—Another series of shells, from the same district, was pre- 

sented to the Brit. Mus. by the Lords of the Admiralty, collected by Dr. Lyall, 

of H. M. Ship ‘ Plumper.’ Two new species from this collection were described 
by Dr. Baird, in a separate paper, P. Z.8., Feb. 10th, 1863, p. 71. The new 
species from Mr. Lord’s collections have been drawn on stone by Sowerby. 

The figure-numbers here quoted correspond with the proof-copy kindly fur- 

nished by Dr. Baird.— A third series was collected by Dr. Forbes, R.N., in the 

same Expedition. After Mr. Cuming had made his own selections, this passed 
into the ordinary London market. It contained several species of peculiar 
interest. The following are the (supposed) new species of the Survey :— 

P.Z.8: Plate I: 

Page: No. Fig. 

66 1 1. Chrysodomus tabwlatus, Baird. One broken specimen, Esquimalt Harb., 
Vancouver Island, Lord. [One perfect shell, Neeah Bay, Stcan.} 

2 2. Vetularia aspera, Bd. Several living specimens, Esquimalt Harb., 
Vance. Island, Lord. [Belongs to a group of grooved muricoid Pur- 
purids, intermediate between Rhizochetlus and Cerostoma, for which 
the subgenus Octnebra may be reconstituted. These shells are the 
rough form of Ocinebra lurida, Midd. ] 

67 3 38. Chemuttzia Vancouverensis, Bd. [ = torquata, Qld. |. uimalt Harb., 
Vanc. Island, Lord. From the crop of a pintail Duck. [The 
artist has failed to represent the peculiar character of the ; 
which is, that the ribs end above the periphery, so that a smooth 

belt appears round the spire above the sutures. ] 

Amnt Hinds, Bd. ven sp., River Kootanie East; nine sp» 
Wigwam River, west slope of Rocky Mts., 4626 ft. high, Br. Col., 
Lord. Resembles Paludina [Bluminicola | seminaite, Hi 

Bullina ( Tornatina) eximia, Bd. uimalt Harb., V. L, Lord. Alive 
in 12 fm.; dead in Duck’s stomach. [Not Bullina, Add. Gen. | 

Succinea Hawkinsit, Bd. Six sp. Lake Osoyoos, Brit. Col., Zerd. 

Limnea Sumassit, Bd. Like L. elodes, Say. Plentiful. Sumass 
Prairie, Fraser R., Brit. Col., Zord. ([TIsxtremely like L. palustris.] 

Physa Lordi, Bd. Plentiful. Lake Osoyoos, British Columbia, . 

Larger than Ph. humerosa, Gld., and with strong columellar fold.} 

Ancylus Kootaniensis, Bd. Six sp., River Kootanie East; five sp., 

River Spokane, British Columbia, Lord. 


rs 
~ 
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. * It is due to the memory of Dr. Kennerley, as well as to the other naturalists con- 
nected with the various American surveys, and the officers of the Smiths. Inst., who so 
enerously entrusted to the writer their unique specimens for comparison with the 
ndon museums, to state, that (with two exceptions) the new marine ies of the 
British Survey would have been published long before the appearance of Dr. Baird's 
paper, but for the derangement of the U.S. natural-history publications, consequent on 
the slaveholders’ secession movement. Although the Smithsonian Inst. had offered to 
present to the Brit. Mus. their first series of duplicate specimens from these expeditions, 
which was exhibited at the Manchester Meeting of the Brit. Assoc., where this Report was 
called-for, no notice was given to the writer of the valuable results of the British survey; 
and it was only through the private kindness of Drs. Sclater and Baird that he was pre- 
vented from adding to the list of synonyms, already, alas! so numerous and perplering. 
at Those species are named after places, not after persons, as would be supposed by 
terminations. 
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P.Z.8. Plate IT. 
Page. No. Fi 


68° 10 10. Chione Lordi, Bd. From a Duck's stomach. Plentiful. Esquimalt 
Harb., V. I., Lord. 

»- LL 11. Spharium (Cyclas) tumidum, Bd. Plentiful. Sumas Prairie, Fraser 
River, British Cyclaa) Spe mene Tw River Spokan 

es 12 12,183. Sphersam Spokanst, Bd. o sp., River e; two 

, young sp., Kootanie River, British Columbia, Lord. Closely re- 
ated to twmidum, but more delicate. ] 

70 13 14. Lyonsia saxicola, Bd. Holes in rocks in Esquimalt Harb., V. I., Lord. 

Japan, teste A. Ad. Closely resembles L. navicula, Ad. and Rve. 

undant, and very variable in outline, sometimes like Sartcava 
pholadis, sometimes like Mytslimeria. Neeah Bay, Swan.] 

.. 14 15, Crassatella Esquimaltit, Bi. One sp. Esquimalt Harb., V. I., Lord. 
[A true Asarte, with external ligament, with one ant. lat. tooth in 
one valve, and one post. lat. tooth in the opposite, well developed. 
This character was noticed by J. Sby. in constituting the genus, 
but becomes obsolete in the typical species. The same peculiarity 
of margin is seen in Crassatella. The external rugs are singularly 
irregular, and not always continuous. 

71 16 Leda fossa, Bd. 10-15 fm.; one =P. Esquimalt Harb., V. I., Lyall, 
[=L. foveata, Baird, MS., on tablet. | 

71 16 Nucula Lyallii, Bd. 8-10 fm. ; one 6p. Esquimalt Harb., V. L, Lyall. 
Resembles N. divaricata, Hds., N. castrensis, Hds., N. mirabilis, 
Ad. and Rve., and especially N. Cobboldse from the Crag. [In the 
early stage, the seul has several angles, afterwards only one. 
Both Dr. Kennerley's and Dr. Lyall’s specimens appear to bex= 
Acila castrensis, Eds. | 


The Vancouver Collections having been deposited in separate drawers, 
except the series mounted for the table-cases, permission has been given 
(with the kind assistance of Dr. Baird) to examine them minutely, and pre- 
pare a revised list of the species. The marine shells will be found in the 
sixth column of the general Vancouver and Californian Table. The fol- 
lowing require special mention. 


No. 
17. Teredo Aimbriata jata,’’ teste Jeffr.; out of block of wood from Nai-ni-mo Harb., 
.L, . 
Teredo. Shelly tube of large 6p. Eoquimalt Harb., Lord. 

18, Netastoma Darwin. Esq t Harb., Lord. One adult but injured i- 
men. [For this singular Pholad, with duck-bill prolongations of the valves, 
a subgenus of Pholadidea is proposed, as ita characters do not accord with 
Jouanettia, under which it is placed in the Cumingian Collection. 

19, “ Saricava rugosa.” Several typical specimens ; Esquimalt Harb., , taken 
out of interior of hard stone, into which the ppear to have bored. 

20. “ Callista penne” Esquimalt Harb., ; e young sp. [ = Sazidomus 
squakdus, jun. 

21. Tapes rigida.” Esquimalt Harb., Zord, common. [An instructive series, 
some with very close and fine, others with distant, strong ribe. Some have 
ribe large and rounded, approeching the sculpture of Cardia. Some change 
suddenly from one form to another. = 7. staminea, var. Pets a 

“ Cardium Calforniense, Desh.” 8-15 fm. Vancouver Is., Lyall. [=var. 
blandum. Tablet contains also young sp. of C. corbis. | 

“ Cardita ventricosa, Gid.” 8-15 fm. Vane. Is., Lyall. 
exactly resembles the East Coast specimens of Ven. bore dredged by Dr. 


22. 

23. [Not ventricose ; 

ake 

Stimpson. } 

24. “ Anodonta cognata, Gid.” [= A. Oregonensia Lea.] Lake Osoyous, Br. Col, 
Lord. Twosp. Also Freshwater Lake Nootka Sound Ly 

», Anodonta POregonensts, jun. Freshwater Lake, Nootka, V ]., Lord; one sp. 

3b, Anodonta ? Nuttalliana. Freshwater Lake, Nootka, Vane. Ia, Lord; one sp. 


Anodonts Wahlamatensis, Freshwater Lake, Nootka, Vane. 1s., Lord; four sp. 
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No. 
26. 
27. 


Anodonta ? Wahlamatenss, jun. Sumass Prairie, Fraser River, Brit. Col, 
Lord; one imen. ville. C bia i 

Anodonta a: . Fort Colville, Columbia R., Lord; one specimen [irregu- 
lar and much eroded. The hinge-line is waved and a false “ tooth ” pre- 
duced, in consequence of which it has been named] “ Alasmodon.” 


28. “ Pecten rubidus, Hds.” Vance. Is., Lyall. (Hinds’s type in Br. Mus. appears the 


ordinary form, of which P. hastatus=hericeus is the highly seul tured var. 
as 


This shell, which is more allied to Islandtcus, may stan . Hindsit. | 

20. Hinnttes giganteus. Island 3 miles above Cape Mudge, Lyad. 

$0. Ostrea lurida, Esquimalt Harb., Lord. D -up by Indians in smal] hand- 
nets with long handles, in 2-3 fm., on mud-flate. _ 

81. “ Placunanomia cepio, Gray.” Esquimalt Harb., Zord. On island rock, 
between tide-marks. {= P. macroschisma, smooth, hollow form. 

82. “ Chston ( semus) Wossnessenskii, Midd.,=C. Hinds, Rve.”’ uimalt 


Harb., Lord. One very fine specimen. [Quite distinct from Mopalia Hindni 
(Gray) differs but slightly from M. muscosa, Gd. | 

“ Chs Pasta heal Esquimalt Harb., Lord. One specimen. [= Joecknc- 
chston flectens. 

“ Chiton ‘dentiens, Gid., P=: marginatus.” Esquimalt Harb., Lord. Two sp 
cimens. [=Jschnochiton pseudodentiens, Not congeneric with the Britab 
Leptochtton cinereus = ma 


rginatus. 
. Acmea “mitella, Mke.” Toquin t Harb., Lord. [Probably A. pela, Jun 


Not sculptured, as is the tropical species. 

“ Acmea Ptestudinalis, jun.” Esquimalt Harb., Zord. One young sp. [with 
extremely close fine strise ; colour in festoons of o brown pen on 
white ground. Might stand well for A. testudinalis, but probsbly=4. 
patina, var. pintadina. 


. Meranda covellata, Shy.” Waquimalt Hath, Lord, [= M. pupilla, 21 
| Crepidula lingulata, Qld.” Esquimalt Harb., Lord. Three young sp. [Ape 


smooth, imbedded, passing into the aculeata type. The ies probabiy= 
C. dor sata, Brod.} P oP "Pe 


. “ Melania sikcula, Gld., P=rudens, Rve.” Attached to weeds and floating 


sticks in swift stream on prairie, at Nisqually, W. T., Lord. [=pliifera 
small var. | 


40. Priene Oregonensis. Port Neville, 6 fm., Lyall. [Very fine; but operculs 


. © Nitedella 


robably misplaced. | ; ‘oa of 
gausapata, Gld. Esquimalt Harb., Lord. (A beautiful serie 


highly painted specimens. Operculum Nassoid, not uroid ; therefore 
ranks under ‘Armucla, _ , 

“ Vitularia lactuca.” Vancouver’s Ieland, Lyall. [A fine series of Pepe? 
crispata and vars., among which is a lilac-tinted specimen.} sis 
Purpura croemoostata, Vane. Is., Lyall, [=canaliculata. Opere. as in Ociaebra 

urtda. , . 
 Fysue O ” (Bd. not] Gld. Esquimalt Harb., Lord. Five sp, with 

crabs. Te Ocinebra interfossa, ve ne] 
Trophon Orpheus, Gid. Esquimalt Harb., Lord. One fresh specimen. 


. Hex Townsendiana, very fine. Sumass Prairie, Fraser River, Lord. 


46). “ Helix Townsendiana, amall var.” Fort Colville, Columbia R. ; also © 


47b. Heliz fidelis. e but very pale var. Sumass Prairie, Fraser R., Lord. 
48. Lord 


“ Heliz Thouarsit jun.” Sumass Prairie, Fraser R.., . 
‘olumbiana, var.” Vancouver Is., Lord, [closely resembling 
HI, rufescens). J 


. “ Helix Siow Fbs.” Sumass Prairie, Fraser R., Lord. [= Vanoowserensé 


51. Helix [like rotundata). Fort Colville, Columbia R., Lord. Two specimens 
52. Zonites (like ereavata]. Fort Colville, Columbia R., Lord. One specimet 
53, Zonstes [like electrina]. Fort Colville, Columbia R., Lord. Seven specimens 


54. Pipe sp. ind. jun. Lake Osoyoos, Britiah Columbia, Lord. One specie 


us not found before, north of Californie. } 
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55. “ Succinea rusticana, Gd.” Sumass Prairie, Fraser R., Lord. 


distinguish ished from the European 8. . | 
. © Planorbi. Say.” Lake Groyoce; Syniakwa teen ; 
tanie East, Brit. Col, Lord. me} 

Planorbis ? subcrenatus, var. Sumase Prairie, Brit. Col., Lord. - 
. Tamnaa stagnaks,” typical, fine, and abundant. Lake Osoyoos, Fraser R., 


. Limnea stagnalis, long narrow spire, mouth swollen, closely fenestrated. 
Marshy stream, Syniakwateen, Lord. 

59. “ Limnea Pdesidiosa, Say.” Lake Osoyoos; three sp., Lord. [Exactly re- 
sembles a var. of the widely distributed L. cataracta, which was found in 

ofusion in the Madison Lakes, Wisc. | 

60. “ Jamnaa Pdendsosa, Say.” Syniakwateen, Brit. Col., Zord. One sp. [Very 
turrited, whirls swollen; epidermis fine y striated. The same species occurs 
as “ L, megasoma, Say. Lake Osoyoos.” | 

61, “ Fhysa heter ostr opha, Say.” Sumass Prairie, Fraser R. A variety from Lake 

SOYOO8 . 
62, Phyea [probably young of Lordi, but with orange band inside labrum.] Koo- 
tanie R. East, Brit, Col, Lord. One sp. 
Besides the shells preserved in the National Collection, the following 
species were also brought by the Expedition :— 

68. Terebratula unguiculus, n.s. Vane. Is., Forbes. One adult specimen, Mus. 
Cum. [Extremely interesting as being the only sculptured species known 
recent. The young shells from California were naturally affiliated to 
Terebratella ca is by Mesara. Reeve and Hanley ; but the adult has 
the loop similarly incomplete. ] 

64. peittacea, Vanc. Is, Forbes. One specimen, Mus. Cum. 

65. Darina dechvis, n. 8. Vanc. Is., Forbes. One specimen, [The only other 
species of Darina is from the West Coast of 8, America. | 

68. Clementia subdiaphana. Vane. Is., Forbes. One broken sp. 

67. Sazidomus brevisiphonatus, n. 8. This unique shell is marked “Vancouver 
Island” in Mr. Cuming’s Collection, and is believed by him to have formed 
8 of Dr. Forbes’s series. The shape resembles Calkste, without lunule. 
The mantle-bend is remarkably small for the genus. 

68. Melania, n. 8., teste Cuming. Vance. Is., Forbes. [Two specimens, with very 
fine spiral stris, sent to Philadelphia for identification. 

6. Mesalia a. Vane, Is., Forbes One sp., Mus. Cum. but th 

70. opoda, several species, of which two are new, teste Cuming ; but they ma 
have been collected on the voyage. Forbes. ym 


The collections made on the British Survey are peculiarly valuable to the 
student in consequence of the great perfection of the specimens. They have 
generally been obtained alive, and are often the finest known of their kinds. 
The occurrence, however, of a specimen of the tropical Orthalicus zebra, 
marked ‘“ Vancouver's Island,” in Mr. Lord’s collection*, is a useful lesson. 
When such reliable data are thus found possessed of adventitious materials, 
it will not be regarded as a slight on the collections of the most careful 
naturalists when specimens are regarded as of doubtful geographical accuracy. 
In Dr. Lyall’s collections there also occur specimens of the well-known Patella 
Magellanica and Trophon Magellanicus, duly marked ‘ Vancouver’s Island,” 
though no doubt collected in the passage round Cape Horn. The naturalista 
of the American Expl. Expeditions generally travelled across the continent. 

104, The latest exploration undertaken for State purposes is also for our 
present object by far the most important, both as relates te the number of 


* Mr. Lord writes, “The fact of my having found this shell, alice, on Vancouver 
Ieland is question. How it got there I do not pretend to say; it was very pos- 
sibly brought by some ship.” 
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species authentically collected and the thoroughly competent and accurate 
manner in which the necessary information is being recorded. It is no longer 
left to the great nations bordering on the Atlantic to send exploring expe- 
ditions to the Pacific. The State of California, only born in 1850, has so 
rapidly attained maturity that when she was barely ten years old she con- 
sidered science a necessary part of her political constitation, and organized a 
‘State Geological Survey,” under the direction of Prof. Whitney. To this 
survey Dr. J. G. Cooper (whose collections for the Pacific Railway Explora- 
tions have already been reported, vide pp. 597-601) was appointed zoologist, 
and Mr. W. M. Gabb (formerly of Philadelphia) paleontologist. The friendly 
relations established with both these gentlemen at the Smithsonian Institu- 
tion not only put them in possession of the special desiderata on the present 
branch of inquiry, but have resulted in unreserved interchange of facts and 
opinions, by means of which a large instalment of the malacological results 
of the Survey can be embodied in this Report. Dr. Cooper has not only ex- 
plored the whole coast and the neighbouring islands from Monterey to San 
Diego, but has dredged extensively from shoal-water to 120 fathoms, keeping 
accurate lists of all acquisitions from each locality. Having an artist’s 
pencil as well as a naturalist’s eye, he has drawn the animals from life, and 
already subjected many of them to dissection. The slaveholders’ war has to 
some extent suspended the operations of the Survey; but it is confidently ex- 
pected that the State will do justice to herself by issuing, with suitable illus- 
trations, the full results of her officers’ labours. The firat public notice of 
the molluscs appears in the Proc. Cal. Ac. N. 8., Nov. 3rd, 1862, pp. 202-207. 
Here Dr. Cooper, speaking of the new species, writes with a modesty which 
is not always credited to American naturalists by Europeans,—‘‘As they 
may have been collected either by the N.W. Boundary Survey or at Cape 
St. Lucas, it has been considered safest, in order to avoid confusion, to send 
specimens or drawings of them to [the writer], that he may compare 
them with the above collections, and decide whether they are really new.” 
He gives valid reasons, however, for describing the following soft Mollusca. 
Unfortunately for French and German naturalists, the diagnoses are in 
English only. 


Page. 

202, Strategus (n. g.) inermie, n. 8. More highly organized than any other genus 
of Opisthobranchiata ; creeps slowly among the grasses in the muddy parta 
of San Diego Bay, looking like a large caterpillar. Not uncommon. 

208, Pleurophyliidia Californica n. 8.\Qlosely resembles P. hneata of S. Europe. 
“FYom the distance, of locality there can, however, be no identity of 
species.” [P] _Numerots in Dec., crawling and burrowing on sandy flats 
in San Diego Bay; none in Jan., after the floods. [Dr. Cooper writes that 
the body of fresh water was so great in some places as to kill the marine 
molluscs for a conside#éble distance beyond the estuaries, and thus mate- 

904 rially alter the pre-existent Neuna.] as aM Be 

Doris Montereyensis, 1. 8., ering to sandstone. Montere 
very rare. Small specimens in San Franciaco Bay, Frick. ye 

204, Doris (Asteronotus) sanguinea, n. 8. Under stones in San Diego Bay ; rare. 

204, Doris (? Asteronotus) alabastrina, n.s. Under stones in S. Diego Bay. One 

204, Doris (P Actinocyclus) Sandiegensts,n. 8. Very active among grass on mud- 

flate near low-water mark, San Diego Bay ; common before the flood. 

205. Molis (P Flabellina) opalescens, n. s. Common among grass in San Diego Bay. 

205. ols (? Phidiana) todinea,n.s. Among alge on rocks outside San Diego 


Bay. 

207. Tritenia Palmeri, n. s. San Diego, common “in same localities aa the Di- 
phylidia, Named after Mr. Edward Palmer, a zealous naturalist, who 
assisted me while at San Diego.” 
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Dr. Cooper’s second paper ‘On New or Rare Mollusca inhabiting the Coast 
of California,” in the Proc. Cal. Ac. N.8S., Aug. 17, 1863, contains (English) 
Gescriptions of the following species. He ‘observes that “ Santa Barbara and 
Santa Barbara Island are very different in the groups of animals inhabiting 
them, although the island is only thirty-five miles from the mainland. 
Catalina Island is twenty-four miles from the mainland, and the molluscs 
sare very different from both the mainland and the other islands, being the 
mes locality on our shores.” 


Aplysia Cah kformsca, Cp. ; for which is constituted a subgenus, Neaplysia; 15 
Ai by a Tiree specimens ; San Pedro beach, after storm ; stomach "full 
) ig. 14 

58. ae Cp. Pr. Cal. Ac., Apr. 1863. 

»» Navarchus inermis, Cp.,= Strategus i., Cp., anted. Catalina Island, 10 fms., 
in seaweed. 1 specimen. 

9» Doris albopunctata, Cp. Santa Barbara, 20 fm., rocky bottom. Catalina 
Island, rocks, L w. 

99 Doris Montereyensis, Pp Santa Barbara Island, rocks, 1. w. 

yy Doris sanguinea, Cp. , with the last. “ Stellate structure not discovered.” 

” Doris Sandiegensis, Cp. "D sp., with the last. ‘All these species belong to 

ris, typi 

59. Triopa China, Cp. st Ps, ») OD ae ean rocks, 1.w. Catalina Island. 

yy Dendronotus iris,Cp. Several wn on beach by storm, Santa Barbara; 
1 sp. oe Old on seaweed, 28 fin, Very variable in colour. ? mx‘ Dendrono-~ 
tus, Id., E. E. Moll. 

” olis arbarensis, Cp. 1 sp., 16 fm. gocky bottom, Santa Barbara. 

60. Flabellina Cp, = ali o., Cp., anted. With the last: also shore 
of Santa bara! Telan 

y3 Phidania todinea, C Pp» ae s., Cp., anted. Santa Barbara, beach, 1 sp. 

93 Chiorera leonina, Gid. 1 sp., in fm. Santa Barbara. 


Sept. 7th, 1863. Dr. Cooper described a very interesting new genus of 
Pulmonates, only found at the head of one ravine in Santa Barbara Island, 
with “ myriads of Helia Kellettii (=H. Tryont, v. note *, p. 116], and two 
other species, probably new.” Full particulars of its habits are given. It 
has the mantle of Limaz, dentition of Helicida, and shell resembling Daude- 
bardia and Homalonyx [= Omalonyx, D’Orb.]. 

62,63. Binneya notabiis, Cp. 3 living and 18 dead shells, Fig. 15 (five views). 

Jan. 18th, 1864. The remaining land-shells of the Survey were described 
(with Latin ’ diagnoses) by Dr. Newcomb, in a paper communicated to the 
Academy by Dr. Cooper. Specimens of many of them will be found in the 
Cumingian Collection. 

116. Helix Tryont, Newe. Santa Barbara and S. Nicholas Islands, abundant ; 
living. “‘=x H. Kellett, C 
9) -Heliz crebristriata, Newe. Pen Clemente Taland ; abundant. “ Closely allied 
to H. wntercisa, and very variable.”’ 
117. Helis rufocincta, Newc. Catalina Island, sstivating under stones; rare. 
8. Diego; 1 dead sp. Outline like Z. "Pytyonesica : umbilicus open or 
nearly closed. 
9» Hex Gabbu, Newe. San Clemente Isl. 1 sp., like H. facta. 
118. Heliz folie facta, ‘Newe. Santa Barbara Isl, very common; San Nicholas Isl., 
Somewhat like H. Roth. 
” Helin ‘andor be Newe. Near Lake Taho, Sierra Nevada, 6100 feet high. 
3 5 ep. under | under bark, near stream, with H. Brewers and ZH. chersina, Resembles 


* Molen es we as well as trees, assume giant proportions in California: e. g. Schizotherus 
wt ide ote 16 in., simustum 8in., Lenatia (crawling) 16 in., Myzilus 9 in., &e. 


p. 604 
‘ 2R 
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P 
118. Heliz Brewers, Newe. Near Lake Taho ; 8 ep. (Aleo] ap. from mountains in 
Northern California, Prof. Brewer.) Like H. arborea. 
” Howe Durants, Newce. Santa Barbara Isl. “ Like Planorbis albus=hrndu, 
Dr. Newcomb also identified the following species in the State Collection :— 
119. Hekz arrosa,Gld. Common near mouth of S. Francisco Bay. 
» Hel arrosa, yellow var. Santa Cruz, Rowell. 
» tekx ? Calsfornsensts, Lea, or ?Nickliniana, Lea; var., Cooper. 
» Helix Carpenteri, Newc. Broken dead shell, head of S. Joaquin Valley, Gat. 
y Helix Columbiana, Lea. Near S. Francisco. 
», Heltx chersina, Say. Very large, near Lake Taho, Cooper. 
» Hekz Thouarsts, Desh. Cypress, Monterey, Cooper. 
» Helix exarata Pf. Mt. Diab o, Brewer ; Santa Cruz, Rowell. 
(5, Heliz fidelis, Gray. Humboldt Bay and mountains, lat. 42°, Brewer. Black 
var., Frock 


» Helix infumata, Qld. Near Ballenas Bay, Rowell. 

» Helix #, Fbs. S. Diego, Catalina Tal., fine var., Cooper. 

» Hekz loricata,Gld. Near Oakland, Newcomb. 

» Hehz Newberryana, Bin. Temescal Mountains, near Los Angeles, Brewer. 
» Helix Nickliniana Lea. Common near §. Francisco Bay, Cooper. 


Helix sportella Gid. Near 8. Franciaco Be Cooper. 
is Helix ormonum, Pf. San Joaquin Valley, abb; north to Mt. Shasta, 
rewer 


» Helix Traskti, Newc. Mountains near Santa Barbara, Brewer. May be=Z. 
Thouarsts, var. 
» Heltxr tudiculata, Bin, Near 8. Diego and S. Pedro, Cooper. 
Helix Vancouverensis, Lea. De Fuca, Gabb: perhaps extends south to Hun- 
boldt Bay. 

Unknown to Dr. Cooper, Dr. Palmer sent a valuable consignment of the 
shells collected by the Survey between San Diego and 8. Pedro to the Smith- 
sonian Institution, without acknowledgment of their source. They would 
have been described and erroneously assigned to his credit, but for the tardy 
and accidental discovery of their origin. Dr. Cooper obtained permission 40 
send the first series of duplicates, duly numbered, for identification, to the 
Smithsonian Institution. This invaluable series was lost in the “ Golde 
Gate.” The gold was recovered, and much of it stolen ; the far more preciows 
shells remain, unnaturally located, in their native element—a puzzle, perhaps 
to paleontologists in some coming age. Other series, though not 60 com 
plete, have since been received in safety ; and through the liberality of the 
Californian Survey and of the Smithsonian Institution, as well as through the 
energy and kindness of Dr. Cooper, they are already being distributed to the 
Cumingian Collection, the British Museum, the museums at Cambridge, 
Mass., Philadelphia, Albany, Montreal, d:c., as well as to the collections ° 
working naturalists. The stations being now discovered, it is to be hoped 
that in a few years Californian shells will cease to be objects of great rarity 
in this country. At the request of Dr. Cooper, in order that he might pr 
ceed with other departments of his labours, all the new species which have 
been seen in England have been described in conjunction with those from 
other sources. On those which are only known here by the beautiful drawi0é* 
sent by the collector, it would be unsafe and premature to impose & Me 
The diagnoses are being published in the Proc. Cal. Ac. N.8., and shou! 
accredited to the zealous zoologist of the Survey, rather than to the me 
artist-in-words who endeavours to represent their forms to the reader. ae 
will be understood that the ligts now to be presented, though corrected 
date of going to press, are still incomplete; and that the information has bet * 


at 
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compiled from Dr. Cooper's letters received at different times, without oppor- 
tunity for his revision. Should errors, however, have escaped detection, they 
-wrill, no doubt, be corrected, and omissions supplied, in the forthcoming Re- 
ports of the Survey. The species either new to science, or now first found in 
the Californian branch of the fauna, are as follows :— 


Wo. 
1. 


OMNIS Mp 


. ha (Ci 
ta ( ooperella 


. Semele pulchra. 8. Diego 
. Semele mcongrua, 0.8. 


. Venerwcardia boreahs. Cat. Is.,120fm. The typical 


. Hemicardium lrangulatum. Cat. Is., living in 10-20 


ancia intricata. 8. Diego, on Phastanella compta, &c. Maz. Cat., no. 18. 


2. Terebratula unguiculus. Monterey to 8. Diego: young shells in 6-20 fm. ; 


not rare. 

Terebratella Pcaurina. Catalina Is., 80 fm.; living; rare. 

Waldhamia Grays. Catalina Is., 120 fm. 

Zirphea crispata. Fragments from S. Diego appear (very unexpectedly) to 
belong to this northern ies. 

Corbula luteola,n.s. S. P . Diego; common near shore. 


. Neera pectinata. Santa Barb., Cat. Is., 40-60 fm. (Puget Sd., Kennerley). 
Kenner 


a bicarinata, n.s. Cat. Is., 40-60 fm. ; rare. 
Entodesma inflata, Conr., = diaphana, Cpr. Near 8. Diego; 1 valve (Palmer). 


. Plectodon scaber, n.g. and n.s. Cat. Is.; 2 similar valves, 40-60 fm. 
. Macoma tnquinata. OS Dion. {Pane Sound, Kennerley.) 

. Macoma yoldsformss. 5S. Diego. t Sound, Kennerley. 
Macoma voettate Dis 


yn. S§. 


go. 
. Angulus varvegatus, n.8. Mont., Cat. Is., 20-60 fm. ; rare. (Neeah Bay, Swan.) 


mellata. 8S. Diego. = Maz. Cat., no. 58. 
scintille formia, n. subg., n.8. S. Diego. Santa Barbara Is. 
m. Catalina Is. ; not rare. (Also Galapagos.) 
. (Also Cape St. Lucas, Acapulco.) 
atalina Is., 0 fm. ; common. 
his salmonea, n.s, S. Diego, Cat. Is., 30-40 fm. ; rare. 


Peep 
. Psephis Lordi. Cat. Is., -; common. t Sound, Kenneriey.) 
. PAstarte fluctuata,n.s. Cat. Is, ; 2 similar valves ; 40 fm. (Very like the Crag 


fossil, A. omarta, jun.; but Dr. Cooper considers it a Crassatella.) 
flat New England form. 
The small swollen var.,= V. ventricosa, Gld., is also found at Cat. Is., in 
Miodon pro. atus. (Neesh Bay, Swan. Identified from tracing only. 
, (not like 7’, Du- 


. Trapersum. e extremely young sp.=Maz. Cat., no. 120 


. §&. Diego. 
. Chama ingen . Diego. (One young valve sent.) 
. Cardium (?modestum, var.) centifilosum. Cat. Is.,30-40 fm. [The differences 


between this and the Eastern Pacific shell are probably only varietal. } 
. (Also Acapulco, 
Panama.) 


. Laocardium elatum. 8. Diego; very large (Mas. Cat., no. 124). 
, Lucina tenuisculpta, 8. Diego, living in4 fm. (Also Puget Sound, Kenneriey.) 


Var.» on in 120 fm., Cat. Is. (approaching LZ. Masatlanica, Maz. Cat., 
no. . 


. Luctna borealis. Cat. Island, 120 fm. “ = LZ. acuteltrata, Conr., foss, E. E.” 


[Exactly agrees with British examples. 
odon flexuosus. Cat. Is., 120 fin. bitto. 


. Kellta suborbicularis. §. Diego ; Cat. Is., 30-40 fm. Ditto. 
. Kellsa (var.) Chirontt. S. Diego. (Also Neeah Bay, Swan.) 


rubra. Cat. Is, shore (typical). 


meroéum, p.8. SS. Di 


. Lelumya tumida. 8. Diego. (Also Puget Sound, Kennerley.) 
. Pristes oblongus, n.g., n.a. 8. Diego. 
. Crenella decussata. Cat. Is., 10-40 fm.; not rare. (The ordinary British, not 


the New England form.) 


. Barbatia gr . §S. Diego; Maz. Cat., no. 194. 
. Arinea intermedia. Monterey—S. Diego, Cat. Is., 40-60fm. [Scarcely differs 


from the South American shell. It is the 4. Barbarensts, Conr., of Pac. R. 
R. fossils, teste Cooper. ] 
2R2 


Se BRBBE S 


5 & 


SES 


% 


§ 


ISS 


H83% 


SSIS KEZS 


. Ethalia supraval 
. Liotia fenestrata, n.s. Cat. Is., beach to 40 fm. ; d 

. Liotia acuticostata, n.s. Mont. ; Cat. Is., 10-20 fm. 
. Crepidula excavata, var. jun. Santa Barbara Island. 
. Galerus contortus, n.s. Mont.—S. Diego, 20-40 fm. 
. Lipponys serratus. Santa Barbara Island; 1 ep. Maz. Cat, n no. 346. 

« Cecum crebricinctum, .s. Mont.—S. Diego ; ; Cat. 

. Caecum Cooperi, ns. §. Diego. [Two fine species of the Anellum 
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, Acila castrensis. Cat. Is., 40-60 fm. one, Cot Sound, Kennerley. 

. Leda cuneata, teste Hanl.. Mont 3. Diews es {s., 10-60 fm. ) 

. Leda hamata, n.s. Santa Barbara; Cat. i, 20-80 fm. ; common. 

Vertsicordta ornata, D’Orb. Santa Barbara ; Cat. Is., 20-40 fm. Exactly se- 
cords with the Ja teste A. Adama. 


Gane species, novemcostata, 
. Bryophila setosa. ape St. ¢ Tuces, AXantus.) Identified from tracing, no. 90. 
. Lima orientalis Gn Mus. Cum.,= dehiscens, Conr., teste Cooper). Mont.—Saen 


Diego; Cat. Is., beach to 20 fm. ; common. 

Limatula subouricuata 40-120 fm., Cat Is.; not rare: 1 valve in 4 fm, Sa 
Di xactly agrees with British specime 

Janira dentata. onterey, S. Diego, beach to 20 0 fa. (Also Cape St. Laeas, 


Xantus. 
Cavolina emus Cat. Ts dead in 30-60 fm. (Also Vancouver, Lyall.) 
Tornatina carinata. 8S. Diego. (Also Mazatlan, ) 

Pedipes iratus. S. Diego. (Also Cape St. Lucas, Aantus. ) 

Dentalium (var.) Indianorum. Mont.—Cat. Is., 20 fm. ; common. | Probably 
a striated var. of pretiosum, which Sowerby doubtfully, and Dr. con- 
fidently, affiliate to D. entale. 

Dentalium semipolitum. 8. Diego. (Also La Pas.) 

Dentalium hexagonum. 8S. Diego. (Also W. Mexico.) 

Acanthochstes avicula, 0.8. Latte, 8-20 fim. ; rare. 

Acanthopleura fiura, 0.8. Cat. Is. 

Ischnochiton 3 fuze, 2 n.s. Cat. Is., 10-20 fm. 

Lschnochiton Lepidopleurus) pectinatus, ns. Cat. Is., beach. . 

Ischnochiton leurus) scabricostatus, n.s. Cat. Is., 8-20 fm. 

ta oarleg Trachydermon) pseudodentiens. S. Diego. ” (Also Puget Sound, 

enner 

Ischnochiton (Trachydermon) gothtcus, n.s. Cat. Is., 8-20 fm. 

Leptochiton nexus, n.s. Cat. Is., 20-80 fm. 

Nacella (Ppaleacea, var.) triangularis. Monterey. 

P Nacella subspiralis. Cat. Is., 10-20 fm. [May be tt ie the eae of the long-lost 
Patella calyptra, Mart. ; unless that be « en Crepsdula adunca. | 

Scurria (? var.) funiculata. Monterey ; rare 

Puncturella cucullata. Monterey. (Also Puget Sound, U. 8. E. FE.) 

Puncturella Cooperi, n.s. Cat. Is., 30-120 fm. ; not rare. 

PImperator serratus, PPn.s. Montere Winculan Is., 10-20 fm. {Dr. Cooper thinks 
this shell wera ae the young of 


» Feptonys bac ere, peach: doa 


soluble ne Ss. Diego. 


. Calliostoma supragranosum,n.s. S. Diego. 
. Calliostoma gemmulatum, n.s. 8. Diego. 

. Calliostoma aplendens ,n.8. Mont.; Cat. Is., 6-40 fm. 
. Margarita ( 


var.) salmonea. Mont. ; Cat. Is., 6-40 fm. [Intermediate be- 
tween undulata and pupilla. | 
Margarita acuticostata. Mont.; Cat. Is.,8-20 fm. [Fossil, Santa Barbara, 
ewelt 


. Silarselia peramabilis, Pn.s, Cat. Is., 40-120 fm. ; living. [Differs but slightly 


from S. aspecta, Japan, A. Ad. ] 
lata, n.&, and Pyar. wnvallata. S. Die 


Is., 8-20 fm. 


group. 
. Turritella Cooperi, Pn.s. S. Diego; Cat. Is.; common. ve identical 
fl eR he 


with one of Conrad’s imperfectly described fossils in 
Mesalia tenwisculpta, u.s. S. Diego; shoal water. 
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“3. Bittium armillatum. S. Diego. (Fossil, Santa Barbara, Jewett “] 

89. "let S. Diego ; Cat. a., beach to 40 fm. [Foasil, Santa Barbara, 
ewelt, 

90. Isapis fenestrata, n.s. 8S. Diego. (Also Neesh Bay, Stan.) 

91. Isapis obtusa, n.8. Mont.—S. megs Cat. Is., 10-20 fm. 

92. Rissotna ,n.8. Mont.; Cat. Is, 8-10 fm. 

* ’ 


94. Fenella pupotdea, n.s. Mont., fin. ; rare. 
08 P Amphithalamus lacunates, ns. 8. Diego. 1 immature specimen. 
10 fm. 


101. Trivia Solandri. Santa Sie and St. Nicholas Is. ; common. 

102. Obeliscus Puariegatus. S. Diego. (Also La Paz, Cape St. Lucas.) 

108, Chrysalida pumila, n.s. S. Diego; Cat. Is. 

104, Chrysallida cincta, n.s, Sta. Barbara Is.; very rare. 

105. Chemnitza chocolata, n.s. 8. Diego. 

106. Chemniiza (Ptenssteula, var.) subcuspidata. S. Diego. 

107. Eulima micans, n.s. 8S. Diego. Cat. Is., 30-40 fm. (Also Puget Sound, 


Kennerley.) 

108, Exdima ora. 8. ae Dr. . Cooper has not decided whether 
Pn.s. Monterey. distinct species, 

110. Scalaria bellastriata, D.8. Montervy. 
111. Scalaria subcoronata, n.s. Monterey. 
112. Scalaria crebricostata, n.s. Monterey, 8. Diego. 
118, Scalaria ? Cuming. ’g. Die ego. 
114. Scalaria PIndianorum, var. S. Diego. [Probably conspecific with the Van- 

couver shells. | 
115. Opalia borealis. Farallones Is. (Also Neeah Bay, Swan.) 
116. Opala spongiosa, n.s. Monterey. 
117. Opalia retiporosa, n.a. Cat. Is., rare and dead in 40 fm. 
118, Cerithiopsis columna, 0.8. Montere 
an Cerithtopsis assimilate, Cat. Is. = Mas. Cat., no. 563. 

120. Triforis Padversa. Cat. Is., 10-40 fm., very rare. {The specimens sent can- 

not be distinguished from the Herm shella,] 
12]. Priene Oregonensis. “Comes south to Monterey.” 
122. Nasea tnecuipéa, 0.8. Cat. Is. living in 40 fm., rare. 

n.8. Cat. Ia, not rare in 40 fm. 
124. Amycla chrysalloidea, na S. Diego, shoal water. 
ine Anachis subturrita, n.s. S. Diego. 
128. Trophon trian triangulates, Pns. Cat. Is, 60 fm. [Resembles the young of 
urex centri 


127. Argonauta argo. “ Hundreds on beach at Sta. Cruz Is.” 
128. Octopus punctatus, Gabb. San Clemente Is. 
129. Onychoteuthis fustformis, Gabb. San Clemente Is. 


130. Ommastrephes giganteus, D’Orb. San Clemente Is. 

131. Ommastrephes Ayres, Gabb. San Clemente Is, “Hundreds on the beach.” 
Besides the above, several species are now satisfactorily assigned to the fauna, 

the evidence for which was before considered doubtful. Such are— 


132. Waldheimia Californica, Koch [non auct.,=globosa, Patagonia}. 120 fm. 
Clidirgtore Is, 
8. Diego to Sta. Cruz; valves common, but raro living 


13h 185, Wands Californica " planulata, et Pnasuta. Conrad’ 8 types ‘lost, 
and his species irporfoenle described from very young speciioens, 8 2 aikeutte 


* Most of the minute shells from 8. Diego, quoted without station, were found in the 
shell-washings of the consignments from Dr. Cooper and Dr. Palmer. 
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No, 
attends their identification. Dr. Cooper found large valves (resembling 
I ) in abundance, but much deformed by the entrance of sand, and 
apparently killed by the fresh waters of the great flood. The large shells 
belong to two very distinct species, which are probably those of Conrad; 
among the small shells is perhaps a third, which may be Dr. Gould’s sup- 

ressed naseuta. 

186. Raéta undulata. This remarkable reverse of the Atlantic R. canakculaia 
also confirmed by rare valves from the S. Diegan district. It is not con- 
neric with Harvella elegans, to which it beara but a slight external resen- 


lance. | 
187. Tapes tenerrima. Large dead valves of this very distinct species were found 
with the Standella, and confirm Col. Jewett’s young shells described as from 


Panama. 
188. Pecten paucicostatus. Sta. Barbara Is. [Described from Col. Jewett’s valves.’ 
1. Bulla Quoyit. 8. Diego. Maz. Cat. no. 226. 


142, Amphithalamus inclusus. 8S. Diego. . 
remarkable new genus confirm a solitary shell in Col. Jewett's mixed 
collections. | 

148, Myurella simplex. Very variable in aculpture, as befits the species which 
orms the northern limit of a group common between the tropics. Col. 
Jowatt’s shell was in poor condition, and supposed to be the young of 8 

species, 

144, Volvarina varia. S. Diego, Cat. Is. [Sta. Barbara, Jewett; alao C.S. Lucas] 

145. Nassa C , Fbs. 8S. Diego, Cat. Is. (This Kellettian shell has a double 
right to its name, now that Dr. Cooper has ascertained its habitat. } 


The information on station, &c., which Dr. Cooper has sent with regard to 
previously known species, will be found incorporated in the general table of 
the fauna. The following notes, extracted from his letters, are too valuable 
to be omitted :— . 


Haliotis Californiensis. “This form is so rare that I think it only s var of 
Cracherodti.” ; 
Haliotis. Several specimens from the Farallones present characters inter 
mediate between corrugata, rufescens, and Kamtschatkana. It ia not yet 
ascertained whether they are hybrids or a distinct species. 

“ Livona picoides I have not found, though I have seen fresh ones from Pt 
Conception.” 

“PSerpulorbis squamigerus. Common south of Pt. Conception; bas 5 
operculum.”’ Fre young begins like V. anellum, Mérch. | 

Macron lividus. Point Loma, S. Pedro, common; extends northwards to the 
Farallones. [= Planazis nigritella, Newcomb, MS.; non auct. } 7 

“ Olivella semistriata, Gray, fide Newc., is a species found N. of Monterey onl 
[As Dr. Gray’s species is from Panama, that of Newcomb is probebly 


“6 Nassa interstriata, Conr., foss. (P= N. a, Gld.) ; resembles N. fosea, 
Gld. (= B. elegans, Rve.*), but distinct. Common south from Sta. Barber 
| Probably = N. nguts, Hds. N. paupera is quite distinct,=N. #4 
. B. Ad, teste Cuming. -- aera 
“< Fissurella violacea I have seen from Catalina Is.” [Esch.’s shell is y 
considered S. American. ? May Dr. Cooper’s be a form of volcano.j | 
Acmea. With regard to limpets and other variable shells, Dr. C. wntes* 
“From my examination of large numbers of specimens, I am more #0 
more compelled to believe that hybrids are very frequent between alls 


* Nassa elegans was first published, by J. Sowerby, in the Min. Conoh. 18% 
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species, and that the comparatively few links that are met-with in 
series ot Ph forms should not be allowed to unite them, but be considered 
as 9 

Lamati Lewis. Abundant on beach. [One sp. measures 5} in., and the 
animal of a much smaller one (4 in.) is 11 ince es long. 

Ostrea. ‘“ The same species throughout to S. Franc.: 8. Diego,” Cooper. [Be- - 
sides the typical northern shell, O. Merida, are well-marked Pvars. latica ) 
rufowdes, and erpansa. 


There are also several species which are quoted in Dr. Cooper’s letters, or 
appear from his sketches to be quite distinct, or at least new to the fauna ; 
but they have not yet been sent for identification. Among these the following 
are the most important. The MS. numbers refer to the tracings which Dr. 
Cooper kindly copied from his original drawings. Where a “—” appears, 
the information is derived from his letters only. 


MS. No. 
402. Oyathodonta bl plicata, Desh. (Cape St. Lucas, Xantus 
— , pro ; 8 cas . 
620a. &CCO exactly ith Venus torecma, Gid. Catalina i, beach. 
1068. Figure accords with Lroconcha hieroglyphica. Catalina Is., 120 fm. 
1060. Resembles Swnapta. Catalina Is:, 40 fm. 
676. Resembles Crassatella Pacyfica. 
874. Lucina. 
9638. Nucula, with concentric sculpture. Sta. Barbara, 15 fm. 
— Yoldia. One fresh valve of a large and remarkable species, 26 by 1:2 in., 
with fine concentric sculpture, very inequilateral. Sta. Cruz; on beach. 
75la. P Lanthina. 
1077, 1078. Chitonide. Two highly sculptured species. Sta. Barbara, 12 fm. 
— PGadinia. Cat. Is., Cooper; Farallone, Is. 4. “The animal differs in 
havi pectinated flattened tentacles. It may be the type of a new genus 


466, Enarginala, (The first appearance of the genus on the W. American coast. ] 
354a, Like Haplocochleas. Sta. Barbara, 15 fm. 
564. Like Pyrgola. 40fm. - 


— Trivia Dredged dead in Cat. Is. 

— Trina “ inner and larger than sengusmea. Common in Lower Cal.” [P= 

— « Torches ”” Qne sp. near S. Pedro. 

— FPleur , Several species are represented only by single specimens. 
Among them are 


588. Drilla. 
1021. Driiia, 2 in. long, shaped like Mitra. One worn sp. Catalina Is., 120 fm. 
1020. Drilisa, reversed. Catalina Is., 60 fm., living. 
4700. Clathurelia (large). Sta Barb., 20 fm. 
663. Clathurelia, 15 fm., Sta. Barb. 
18652. f 40 fm. 
1058. P , 60 fm. 
419, 426. Two species of shells resembling Daphnella. 
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"676. Possibly a scaly var. of Monoceros engonatum ; like the Prapura, var. tmbri- 
cata, of Europe, but of different colour and texture ; P=sprratum, Blainv. 

1001. Figure resembles Verilla fuscolineata, Pse. Sandwich Is. 

“ Nassa, smooth, with thick lip.” Cat. Is., 30 fm. (Comp. tnacedpta.} 

— ?Macron Kellett. Cat. Is,, dead, in GO fm. 

— Chrysodomus Ptabulatus. Cat. Is., 120 fm., young, dead, 

—- Fusus, “like geniculus, Conr.” Farallones ts 

411. Trophon, like mudticostatus. 

5156. Murtcidea, Cat. Is., 40 fm. [The young shells called Trophon, Typhi:. 
&e., _by Dr. Cooper’ can scarcely be identified without a series, and from 


ings only eae 

5lbd. Typhi. Sta. Barb., 15 fm. 

520. Pteronotus centrifugus, j un. S. Pedro; rare on beach. 

3846. Muricidea, like alveata. Mont.—S. Diego 

956. P Siphonalia, Monterey, Sta. Barb., beac 

In Prof. Whitney’s Preliminary Report on the Survey, Proc. Cal. Ac. p. 27, 

May 4th, 1863, he states approximately as the result of Dr. Cooper’s mala- 
cological labours, up to the close of 1862 :— 


No. of les in the Collection ........c cc cece ccc ccc scccscscces 335 
Of which are new to California, and believed to be undescribed .... 123 
Other supposed Californian species not yet collected .............. 65 


In a Survey conducted with such care, even negative evidence is of some 
importance, though not conclusive. Dr. Cooper has not been able to obtain 


the following species :— 


Discina Evansic. 
Strigilla carnaria. [Mr. Nuttall’s *pecimens were probably Atlantic. } 


Venus dispar. 

Trapexsium Californicum. é, == Geantacum. | 

Luca bella.. | Perha ape = a dintle pr. but the type seems lost. ] 
Modiola nitens. [Probably an error in the Cumingian label. 


Mytilus glomeratus, “=edulis, var.” [Perhaps an accidental var. from being 
crowded on a floating sticle.] 

Barbatia pernoides. [very -Seebly an error in Dr. Gould’s label. } 

Arca multicostata. “ Must have been brought to S. Diego.” 

Pecten purpuratus. (Ascribed to the fauna from abundant valves marked 
“Cal.” in the U.S. E. E. collections, but certainly from S. America. Dr. 
Cooper has unfortunately not been able to discover any of the species 
described by Hds.] 

Radius variabilis. “ Doubtless exotic.” 

Polinices perspicua, ‘ Probably Mexican.” 

» Ranella triquetra. “ Probably Mexican.” ([Guaymas. } 

105. Having now presented to the student an analysis of all that is yet 
known of the results of public surveys, it remains that we tabulate what has 
been accomplished by private enterprise. Mr. J. Xantus, a Hungarian gen- 
tleman in the employ of the United States Coast Survey under the able 
direction of Professor Bache, was stationed for eighteen months, ending July 
1861, at Cape St. Lucas, the southern point of the peninsula of California. 
It is a source of great benefit to natural science that the Secretary of the 
Smithsonian Institution is also one of the acting members of the Coast Survey 
Board; and that a harmony of operations has always oxisted between the 
directors of these two scientific agencies in Washington. The publications 
of the Coast Survey have earned for themselves a reputation not surpassed by 
those of the oldest and wealthiest maritime nations. For obtaining data on 
geographical distribution, Cape St. Lucas was a peculiarly valuable station, 
being situated near the supposed mecting-point of the two faunas (v. B.A. 
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Rep.p.350); and also, not being a place of trade, or even an inhabited district, 
likely to be free from human importations, although we should be prepared 
to find dead exotics thrown on its shores both by northern and by tropical 
currents. In his solitary and what would otherwise have been monotonous 
life, Mr. Xantus found full employment in assiduously collecting specimens 
in all available departments of natural history; having received ample in- 
etructions, and the needful apparatus, from the Smithsonian Institution. 
The bulk of the shells at first received from him were worn beach speci- 
mens; but afterwards several species were preserved, with the animals, in 
alcohol. Mr. Xantus generously presented the first series of the molluscs to the 
Smithsonian Museum, reserving the second for his native land. The first 
available duplicates of the shells not occurring in the Reigen collection will 
be found in the British Museum or in the Cumingian cabinets*. Although the 
whole series would have found little favour in the eyes of a London dealer or 
a drawing-room collector, it proved a very interesting commentary on the 
eigen and Adams Catalogues: it added about sixty t new forms to the accu- 
rately located species of the marine fauna, besides confirming many others, 
which rested previously on doubtful evidence ; and disproved the intermixture 
of northern species, which, from the map alone, had before been considered 
probable. 

The collection is not only essentially tropical, but contains a larger propor- 
tion of Central American and Panama species than are found in the Reigen 
Catalogue. This may partly be due to the accidents of station, and partly to 
this projecting southern peninsula striking the equatorial currents. It must 
also be remembered that the Reigen Catalogue embrates only the Liverpool 
division of his collection ; and that many more species may have existed in 
that portion of the Havre series which did not find its way to the London 
markets. Mr. Xantus also obtained individuals of identical species from 
Margarita Island, and a series containing living specimens of Purpura plano- 
spira (only thrown up dead on the promontory), from Socorro Island, one of 
the Revilla-gigedo group. A very few specimens of Haliotis and of Pacific 
shells may have been given to him by sailors or residents: they were not 
distinguished from his own series in opening the packages. The collection is 
not yet complete. In consequence of the French occupation of Mexico, it 
was with difficulty that Mr. Xantus himself ‘‘ran the blockade” at Manza- 
nello; and he was compelled to leave there thirty-one boxes of shells, alco- 
holics, &., subject to the risks of war. 

The Polyzoa were placed in the hands of Mr. G. Busk for examination, 
and the alcoholics were intrusted to Dr. Alcock, the Curator of the Manches- 
ter Natural History Society. Neither of these gentlemen have as yet been 


* During the period that Mr. Xantus was out of employment, owing to the derange- 
ments of the war, a portion of the duplicates were offered for sale, and will be found in 
some of the principal collections. 

t+ The editor of a Californian newspaper, kindly forwarded by Mr. Pease, professes 
to ‘give entire” a paper road by 8. Hubbard at a meeting of the Cal. Acad. N.S. on 
the collections of Mr. tus. following extract, which is entirely destitute of foun- 
dation in fact, is a curious specimen of the tendency to extreme exaggeration, which seems 
indigenous to some dwellers in a vast country, and has now, it seems, invaded even an 
Academy of Nat. Sc., who, it is to be hoped for their credit, have not published the paper 
in their Proceedings :—‘‘The Mollusca are represented by over 5000 specimens, not yet 
considered.— Shells: P. P. Carpenter gave, after a hurried survey of the collection, 17U0 
species last year; but since then the collection has more than doubled. About half of the 
whole is pronounced by P. P. C. and Isaac Lea to be new.” Dr. Lea did not see the 
collection, as it contained neither Unionids nor Melaniads. Of Mr. Hubbard’s “ more 
than 3400 species,” besides “ Mollusca,” not one in ten have been seen, 
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able to report concerning them. The first notice of the shells appears in the 
Proc. Ac. Nat. Sc. Philadelphia, Dec. 1859, pp. 331, 332. The new species 
are described in the ‘ Annals and Magazine of Nat. Hist.,’ 1864, vols. xiii. and 
xiv., a8 follows :— 


ALN. Zt Vol. XTIT. 


8 
t. rik Asthenotherus villosior, n.g. 1 living sp. and fragm. 
9  Solemya vaivulus. 1 Living ep 
8. 4, Tellina (Peronzoderma) acea. 1 sp. 
. $12. Psammobia ( Amphichana) regulars prova we 
6 


» Callista polixcaris. 1 sp., living (=C. a, var., teste Rve., C. Lf. 45) 
»  Callista (Ppannosa, var. puella. Extremely abundant, living. Also 
Acapulco, Jewett. ery variable, yet always differing from the 
typical South Americam shells.) 
7. 818. Taconrdivem apicinum. Extremely abundant, living. Also La Pas; Ac- 
ulco, Jewett. 
8 ly Iaveina kingualis, Extremely abundant, valves. 
9. ,, PCrenelia tefiaia. Valves ; very rare. (An aberrant form.) Aleo Panama, 
A 


10. 814. Bryophia setosa, n.g. Abundant; living among sea-weed, on Pyrpura 
planospira. Also California, 
ll. yy FAtys casta. Rare: allied to te 


Rare ; 
18. yy Technochiton (Pvar.) prasinatus. 1 living sp. Possibly a form of paral- 


14. 315. echnochiton serratus. 1 living sp., like Elenensis. 

15. 474. Nacella peltoides, = Nacella, sp. in ’, Maz. Cat., no. 262. 

16. ,,  Acmea (Pvar.) atrata. Intermediate between P. discors, PhiL, and P. 
Jtoccata, Rve. Also La Paz, Margarita Bay. 

17. 5  Acmea strigillata. Intermediate in characters and station between 
A. patina and <A. mesoleuca. Also ‘wee 

18. 475. Glyphis saturnalis. Not uncommon ; 

19. ,,  Eucosmia variegata. (Probably a spent nae of Phasanella.) Rare, dead. 

20. 5  Eucoemia (Pvariegata, svar) substriata. Very rare. 


. . I 

28. i, Haplocochic crepe g. (PRelated to Ethaha.) Very rare, dead. 

24. 5 Narica aperta. 

25. ,  Fossarus porepia 8 sp. 

26. 477. Fossarus purus. 1 sp. 

27. 4,  Litorina pullata,= Latorina, sp. ind., Maz. Cat., no. 399. Abundant. 

28 Latorina (Philipps, var. penicillata, Lik Like the W. Indian L. (sicsac, var.) 
undant. 


29. ,»  Rissoa albokrata. 1 sp 

Fenella crystallina, 1 7 

$1. 478, P Hydrobia compacta. y bea Barleeia. 1 sp. 
82. ,, Hyala rotundata. . 

88. , ? electrina. : 

34. ,,  Acirsa [teste A. Ad. menesthoides. 1 sp 

35. ,, Cythna astertaphita. Imbedded in a starfish, like Stylina. 1 living sp. 


36. Bittium nitens. 
Vol. XIV. 1p 
37. 45 Mangelia subdiaphana. 1 sp. 


88. 46 Drillia 1 sp. 
80. ” Cithar a fusconotata . ery rare, 
oo . 
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.47. Eulima Suscosirigata. 1 sp. 
95 Opaka cr 1 peri ect and a few rubbed specimens. This, and 

the Santa Barbara ossil, O.Pvar. snscudpta, are so close to the Por- 
Ps: boics O. crenata, that additional | specimens may connect them. 

"yy Truncaria eurytoides. Common ; d. Also GQuacomayo, in the 

Smithsonian Museum. 

48. Sistrum (Pochrostoma, var.) "tare du 5 connected with type by a few 

intermediate specimens, | 


PNitidella millepunctata, Also mayo, Mus.Smiths. Very rare,dead. 
”  Nitdella densibineata. Vay mer sooner, 


yy  PAnachis tincta. 1 sp. 
49. Anachis fuscostrigata, | sp. 
3»  PXsania elata, A few worn specimens; like Peristernia, without plait. 


‘The following table contains the species previously described, with the ad- 
ition of the other localities in which they are known to occur. The numbers 
in the first column are those in Prof. C. B. Adams’s Panama Catalogue: a 
P im the same column signifies that the species has been found at Panama 
by other collectors. The second column contains the shells of La Paz, col- 
lected by Major Rich and others, and are marked by an italic P. In the 
third column, A shows that the shell has been found at Acapulco, on good 
authority ; and C, that it is known at other stations on the Central American 
coast. The fourth column exhibits the corresponding numbers of the 1 
in the B. M. Reigen Catalogne; and G shows that the shell has been found 
in the Gulf district by other collectors. In the fifth column, Cal. stands 
for Upper, and L for Lower California; Marg. for Margarita Bay, Gal. for 
the Galapagos, E for Ecuador and the tropical shores of 8. America, and WI 
for the West Indies. The sixth column continues the numbering of the 
species from the list in the ‘ Annals.’ 
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Cat (pee ACT] ae’ | neiteee,| List of Ospe St. Lucas Shells. 
517 A| 14; E 583 | Discina Cumingit. On Margaritiphora. 
22| E 54) Gastrochena ovata. In Spondylus. 
A| 28] Marg.| 55) Saricava pholadis. In Spondylus 
56 | Eucharis, sp. ind. 1 dead valve, resembling W. 
Indian 
P 85 57 | Sphenta fragilis. In Spondylts 
G 58 Prraoia fragile. 1 broken pair. 
P L | 50! Thracia (Cy plicata (“P= truncata, 
Migh.”). 1 sp., jun. 
P G 60 | Lyonsia inflata. 1? 
36; E | 61 Tyonsia . ; ve. 
483|P|C | 55 62! Tellina ingts. 1 pair 
469 A E | 68} Telina rubeacens [= anleyi'). Smashed valve. 
472 64 gilla sincera. 1 valve. 
A| 87 65 | Strigilla lenticula. Valves. 
P 66 | Ladricola viridotincta. 2 valves. 
485 41 67 | Semele bicolor. Valves. 
G | Marg.| 68| Semele Californica, var. Valves. 
40; L 69 | Semele Sravescons. | Re Rare. 
1480 43} E 70| Cumingra trigonularts , jan. bandeat ene 
473| P| A WI | 71| Heterodonax bimacuatus, Abun normal, and 


numerous vars. 
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Pan. La |Aca-| Mas.| Other | No, List of Cape St. Lucas Shelis. 


Pas.) pul. | Cas. habitats) 


456 C 7 L i Donar Pnavicula, jun. 


498 Cc} 80 75 | Muknia . Valves. 
79| WI | 76| Standella fragilis, 1 op. living, and namerca: 
adult valves. 


446 Cj} 838) E | 77| Trigona radiata, jun. 

: 78| Trigona nitidula; Sby. Several living ep. 
exactly with ‘Sby.”’ 8 fi Perbaps Lan 
Mediterranean shell is t. 

79 Dosinia Dunkert. 

Dosinia ponderosa. Several pairs (jun. = distan::. 

81) Calista aurantia, 

82 | Callista chionea, 

83 | Calista vulnerata. Living, and dead valves. 

84 | Callista (Pvar.) alternata. 1 living. 

85 | Amtantis callosa. atare, living [ = c. nollie, Rve._. 

86 | Chtone euccincta. Very rare 

87 | Chione pultcaria, var. ‘lactna. Valves, abundant. 


C 
A 88 | Chione neglecta. Li and valves. 
106 885) Chione i eiclia vee blineate, Rve. (pars). V er 
rare. [Probably = neglecta, var. } 
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435 C/118| E | 89] Anomalocardia imbricata. Valves. 
111 90 | Tapes squamosa. 1 sp. 
P 24; E | 911} Petricola robusta. In Spondylus. 
27 02 | Rupellaria linguafelis. | 
117| E | 98] Crassatella varians. Living. Large and abundant ! 
492 C E | 94) Crassatella gibbosa. Valves. ! 
118 95 | Lazaria Californica. Very rare. | 
C 96) Venertcardia crassa. 1 valve. 
405 C |1216 97 | Chama Buddiana, jun. On syenitic rock. 
407 A/|121|} E | 988] Chama echinata, Brod. Living, from Socorro Is 
Pp C | 121 | Marg. | 983 Chama frondosa, var. | 
123; L | 991 Chama Perogyra. | Worn valves. 
A | 122; Gal. | 100) Chama spinosa. 1. | 
A E {|101) Cardtum consors. Valves. (Very fine at Acapulco.’ 
433 C | 125 |E.Mar.| 102 | Cardéum procerum. Valves. 
434 126; IE | 108} Cardsum senticosem. Valves. 
P A L_ | 104) Hemicardium brangudateem. Valves. 
C | 186} WI | 105) C tigerrina, Living, very ee and y 
valves. [Of the Paci ‘fio ts. type. 
Pp 187 |Pac.Is.| 106 | Codakia Ppunctata, jun. 
P A |147| E |107| Lecina eburnea. Living, rare. 
P A | 140 108 | Lucina excavata. 1 valve. 
145 108 | Lucina prolongata. Valves. 
i“ WY Lucina Oe eubrweade Valve. 
Di 
C 112 Aamo calculus. a overat i living sp. 

118 Mibthe Childrens. (A. few fresh 5 correct 
the habitat “ Brazil,” previously assigned to this 
extremel nely rare and remarkable shell, which ap-; 
pears tic Felanta. 

P A | 158 114| Kutia euborbiowers, Ta In Spondylus 
A | 154 116 | Lasea rubra. 8 sp. livi 
P C | 167 116 | Mytilus palliopunctatus. ent. 
P A | 168 117 | Mytilus multsformis. Abundant. 
P 169 118 | Septifer Cumingianus. Common. | 
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No. List of Cape St. Lucas Shells. 


120 Crenella coarctata. 

121 Lnthophagus 

122 Lahn 

128 Arca multscostata. es ault vive and j jun. living. 

124 Byssoarca Pacifica. Rare. 

125 Byssoarca mutalilis, Valve. 

126 Barbatia Reenana. Valves. 

127 Barbatia vespertikio. Valves. 

128 Barbatta illota. Valve. 

120 Barbatia solida. Rare. 

. 10 Barbatia gradata. Valve. I dius 1; 
Arinea gigantea. Large valves, and jun. living. 

182 Arinea, sp. ind. , : "8 

183 Pinna lanceolata. Fragment. 

134 Pinna maura. 1 sp., jun 

185 Pinna rugosa. 1 p., jun. 

186 Margarttiphora fimbriata, Living. 

187 Aviewa Peruviana. Valves. 

188 Isognomon Chemntteranus, living living. 

189 Isognomon Janus. 4 sp. li (One has close 
I ent-pits, passing into Fe cellsten just as no. 

, Var. passes into twcisus. 


| 119 Modiola capax. A fow Ii eae. “Gal.” [P}. 


140 Pecten subnodosus. Several valves, and 1 living. 
[P. sntermedia is only a var. of this species. ] 
| 141 Pecten ventricosus. wren [The young is P. 


142 Janéra dentata. ‘Vary p plentiful. 

148 Lama tetrica. 1 living, and valves [ = LZ. squamoea, 
teste Cuming. W. , Mediter. Pac. Is.}. 

144 Lama arcuata. L fresh pair Can hardly be separa-~ 
ndyfue onlafe ac. Is., in ue, Cum} 

145 Spondylus cailcs iba. Red var., and speq- 


men ch into le. 
146 Phcatula soca ‘D, on Fasciolaria, 
147 Ostrea tridescens. A few living. 


.|148 Ostrea P Virginsca, jun. 
149 Ostrea Columbiensis. Valves. 
215 | Marg. | 150 Ostrea amara. On Pomaulaz. 
Cal. | 151 Cavolina Ptelemus. Fragment. (Pelagic.) 


[Nudibranchs and Aplysia, Not yet determined. | 


167 Bulla Adamsi, and var. Common. 
168 Bulla nebulosa. Rare. 


161 Haminea cym cymbiformis. 1 sp. TCteeely related to 
. virescens 


equilirata. Dead. (ful. 
163 Ssphonaria lecanium, with var. palmata, &c. Plenti- 
164 Onehidium Carpenters. Very rare, 
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List of Cape St. Lacas Shells. 


Ischnochiton imacsformis. 2 specimens. 
Tachnochiton Boomk 1 sp. 
Acanthochites arragonites. A. few living ®p. 
Patella discors. Dead. 
Patella pedwulus. Dead. 
Acmea fascioularis. Abundant, living. 
Acmaa mitella, jun. 
Fissurella rugosa, jun. [A var. is first black, wit 
two white rays; afterwards changes to whitish. 
ae méorotrema. Common. [Passes inv 
rugosa 
Fissurella migrocincta, 1 young sp. 
Rare. 


Ci F Dead. 
Ponchoma Forkeat Fresh, with Gulf Polyzos. 
Uvanilla olivacea. Dead. 


: Dead. 
Omphalius coronulatus. Dead ; ‘not uncommon. 
Vitrinella Panamensis. 1 sp. off Spondylus. 
Nerita scabricosta, Abundant. 
Nerita Bernhardt. Abundant. 
Crucibulum tmbricatum. Dead. 
Crucitibulum spinosuem. Dead. 
Cremdula aculeata. Dead. West and East Indies 


Crepidula eroavate, un. et var.° 1 
Crepdula onyr. ead. | 
Hipponyx anbiquatue. Dead. 

Eipponyx ba Pacific Is, Fresh sp. 
Hipponyx Grayanus. Rare. | 
Aletes centiquadrus. On Margaritiphora, &c. ! 
Bivona contorta. Frequent, on shells. 
Petaloconchus macrophragma. Frequent, on shel 
Spiroglyphus lituella. On Perpura planospire at | 


muricata, from Socorro Is. 
Caecum subimpressum. Very rare. | 


Turritella tigrina et var. Cuming. 

Turritella sanguinea. (Whirls no not shouldered.) 

Cerithium maculosum and dwarf var., like 
lave. Abundant. 

Cerithtum uncinatum. Common; dead. 

| Cerithtum stercus muscarum. Rare ; ; 


388] Gal. |217| Cerithium tnterruptum, Mke. Common. 
889 ware. 218 | Rhsnoclanis gemmata. Rare. 


.| 219 | Pyrasus incesus. 


? 206 395 E. -| 220 | 


Rare. 
Cersthidea Mazatlanica. Dead. 


* A difficulty attends the identification of young specimens of these rare saan 


series having yet been obtained. 
diate between the two. The yo 


* C. excavata, var.,” in Mus. Cum. is tor 
of excavata has a large swelling umbo projecting ben 


the margin ; the umbo in “? var.” has the margin spreading round it, as in onge 
and in consequence appears turned in the contrary direction. The umbilicus above tb 
deck exists in both forms; but it is not an absolutely constant character, ever m 


>eaxa. | Le |Aca-| Mas.| Other | No, 
Seat. [Pas pul.| Cat. | habitate. 


- ON MOLLUSCA OF THE WEST COAST OF NORTH AMERICA. 


P 401; E 
408 
414 
417; L 
411 
422 
420; L 
419 
425 
427 
424 
435; PL 

P 438; E 

P E 

P 

P 

P 

P 440 Gal. E 

P 44] 

P Gal. 

P 442; E 


QPPQAQD PAP PPPPPP 


628 


List of Cape St. Lacas Shells. 


Ihtorina aspera. Very rare. 

Iitorina conspersa. Common. A distorted en 
has a Lacunoid chink; another a Nassoi shape 

28) Latorina Philippis. Rare: v. anted, var. 

228 Modulus catenulatus, jun. 


Jeffreyna Milderi. 1 P. 
aa lifasciata, Very rare. 
suprakrata. Not uncommon. 
Alaba terebralks. 1 dead broken specimen. 
237 | Planaxis nigritella. some of the specimens 
ogip Pi be a dwarf fore of 
naxis P planicostata, 

Radius variaiths. 1 sp. 
Aricia arabicula. Very 
Aricia punctulata. Very rare 
Lupona Sowerbys. 1 living and several worn. 
Lupoma inosa. Dead; plentiful. 
[Cyprea tigris and Pteroceras lambis ; doubtless 

received thro . 


rare. 


Trivia radians ; intermediate specimens towards 

Trivia Solandri. Dead. 

Trima Pacifica. 1 sp. 

Trina sangmnea. Dead. 

Erato Mangere. - Exactly. like the Wood) 
specimens : ossil, teste 8. . 

Erato scabriuscula, Rar 


Terebwa lingualks. 18 
ella variegata, 


ota ery rare. 
igo moe 1 Geed ebecimmen 


a oareer stris than W. I. 
species, but scarcely iffers from crebriplicata, 
ve, z ‘“s Philippines.” 


strombodes 1 sp. [ Probably=stritcea, 
Kien] 
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List of Cape St. Laces Shells. 


Conus princeps. Dead. 
Conus . Dead. 

Conus purpurascens and var. regalitalis. Dead. 
Conus gladiator. Dead. “9 


mon. 

Odostomia ? straminea. 1 sp. 

Syrnola lamellata. 1 sp., off. Spondylus. 

Occilla crenata terebellum, 1 Se. 7 
salkda communis. .» Off Spondy 

Cheraniteia Panamenss. Very rare. 

Chemnitaa Adams. 1 sp., off Spondylus. 

Chemnitzia prolongata. | sp., off Spondytus. 


| Chemnitzia flavescens. 1 sp., off Spondylus. 


Cerithtopss assimilata. 1 ap.,off Spondylus. 

Cerithiopsis tuberculoides. 1 sp. 

Triforis alternatus. 1 sp., off Spondylus. ! 

Scalarta Pttara. 1 sp. | 

Natica maroccana. Com. W. Afr. ; ? Pacific Is ' 

Natica wnarva. Common. Operc. grooved asi 
canrena [=alapapilionis, var., teste Rve.: 100 
Chem. }. " 

Natica catenata. Common. 

Polintces uber. Common. [The young shells s 
through all shapes, from globose to pointed 
Opere. thin, light n, horny. | 

Polinices otis et var. fusca. Rare; dead. | 

Polinices bifasciata. Living; rare. | 

Neverita g . 1 sp. 

Lamellaria, sp. ind. 1 sp. ; 

Ficula ventricosa. Not uncommon. Animal pr 


served of both sexes, and of beauty. | 
Malea ringens. 1 dead sp. [Fossil, Atlantic shor 
Newberry. 


Leventa coarctata. Very rare. 

Bezoardica abbreviata. 1 living, with very sm 
normal operculum. Common; dead. [Vane 
greatly in form and sculpture, like the Tex 
“ analogue,” which may be conspecific.]___. 

Triton vestitus. lap. [Scarcely differs from pilears.. 

Ranella celata. 1 sp., dead. or 

Ranella Californica. Very rare. Grows 4 inche; 
long. 

Latiras ceratus. 2 dead <P. 

Fasciolaria princeps. 2 ¢ sp. | 

Mitra crenata, Rve., teste Dohrn. 1 sp. [P= 
cleola. 

Mitra solitaria, C. B. Ad. 1 sp. 

Strigatella tristis. Rare. 

fEneta harpa. 1 sp 
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P. La A = M ry Oth rn 
Cat. Paz. pul. Cat. | Other No. List of Cape St. Lacas Shells. 
¥ ° «ge e 
1 A 312; Volvarina varia. Rare. [Cannot be distinguished 


from some W. I. specimens. 

A PWI | 313! Perstcula imbricata. lap. [Can scarcely be sepa- 

rated from inéerrupta, jun. Also Guacomayo. | 

314! Perstcula phrygia. . [Closely allied to fru- 

mentum. Differs from the W. I. sagittata by 

having the painting in loops instead of zigzag, 
and an orange callosity over the sunken spire, 
bordered by a spotted sutural line. ] 

36| P G | Marg. | 315 | Oliva porphyria. 1 sp. 

P33! P| A | 591 316 | Oliva Meichersi, var. Rare. 

Oliva subanyulata. Very common, dead. (This 
species, very rare elsewhere, is known by the 
shouldered shape, toothed paries, and yiolet- 
stained mouth and columella. 

600 818 | Olivella dama. Rare; dead 

596 319 | Olivella tergina. Tare; dead. 

595 320 | Olsvella undatella. 3 sp.; dead. 

Olivella zonalis. Rare; dead. 
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other with dark spire; another pure white, o 
which the young is snconsapicua, C. B. Ad. The 
Acapulcan varieties are somewhat different. | 
825 | Harpa crenata. ad. 
606 |E.Mar.| 326 | Purpura biserialis, Abundant. 
827 | Purpura triserialis. Common. 
Purpura trianguari. Not uncommon. 
603 |G. Mar.| 329 | Parpura patula.. Common. Also West Indies. 
605; E | 330/ Purpura muricata. Rare; dead at C.S, L.; livi 
at Socorro Island. 
Gal. | 331 | Purpura planospira. Dead shells at C. S. L. and 
La Paz; abundant and fine at Socorro Island. 
74 611 382 | RAtzocheilus nux+tall var. [= Californicus. | 
107' =A Gal. | 383 | Sistrum carbonarium. Living ; plentiful. 
80 P| A|618| WI |334| Nitidella cribraria. Abundant. 
04 A|615| E | 335| Columbella mayor. . 
85, P| A617) E | 336| Columbella fuscata. Abundant. 
A 337 | Columbella festiva. Not rare. 
90| P Gal. | 338 | Columbella hemastoma. Not rare. 
Columbella solidula. Abundant *. 
Columella Reevei [= Sta. Barbarensts, Cpr. (error) ]. 
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Nassa versicolor. Rare; dead. 
Nassa corpulenta. Very rare. 


* The young shell is thin, semitransparent, with Alaboid tuberous vertex. The nuclear 
part is rather more tumid than the next whirl, and set slanting as in some Chrysodome. 
Adolescent, whirls smooth, except a sutural line. Sculpture of adult gradually developed, 
with spiral lines, sometimes all over, sometimes only anteriorly and posteriorly. 
whirl sometimes with blunt radiating riblets, but generally smooth. Siphonal notch deeply 
cut bec as in Strombina, to which the species may belong. 9 
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List of Cape 8t. Lucas Sheils. 


P Fass * Thowarsts [+Nove-Hollandie, Rve.}. Rare : 
e 
P 847 | Stphonalia pallida. Very rare 
108 - | 848 Engina Jana. Lsp. 
P . | 349) Engina crocostoma. 1 sp. 
P 350 | Anachis coronata, Very rare. 
351 | Anachis tamiata [= Gaskoinet]. Very rare. 
90 852 | Anachss pulchrior. Very rare 
353 | Anachis pallida, Phil. Very rare. 
98 854 | Anachis Pparva, var. Dead shells: may be pyy- 


mea, var. 
855 | Anachis serrata. A few perfect specimens. 
356 | Anachis pygmea (var. aurifiua). Rare. 
Strombma maculosa. V 


358 | Strombina gibberula. Very rare. 

350 | Pisanta Dwarf var.; common. 
360 | Pisania lugubris. Rare; dead. 

361 Murer plicatus. Rare; "dead. 
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As would be expected, the bulk of these species (203 out of 367) are the 
same as have been already enumerated in the Reigen Catalogue. Of those 
which do not appear in the Mazatlan lists, no fewer than 37 appear in the 
Panama collections (beside 10 others, known to inhabit the equatorial region). 
Of those not quoted from Mazatlan, 34 are also found in the Acapulco 

region, and 30 at La Paz. Of the whole number, 79 have also been found 
in South America, and 28 in the Galapagos. 38 have also been found in 
Margarita Bay, of which Pyrazus incisus and Siphonaria equilirata are Lower 
Californian rather than Gulf species; but only 13 belong to that portion of 
the Lower Californian fauna which is known to reach S. Diego, exclusive of 
the same number of Gulf species, which also stray into the S. Diegan district. 
There are also 10 species, which (with more or less distinctness) represent 
West Indian forms. Of these, five, viz. Heterodonax bimaculatus, Erato 
Maugeria, Volvarina varia, Persicula imbricata and phrygia, are new to the 
Gulf fauna: the other five appear in the Reigen Catalogue. 

106. The most extensive collections in the Vancouver district, both as far 
as the number of species and of specimens is concerned, have been made for 
the Smithsonian Institution by Mr. J. @. Swan, teacher at the Indian Reserve, 
Neeah Bay, W. T. For several years ® valuable consignments have been 
received from him of shells collected at Cape Flattery, Port Townsend, and 
other stations. Latterly he has trained the native children to pick up shore- 

‘shells in large quantities. The labour of sorting and arranging theese has 
been enormous; it has, however, been repaid not only by observing ‘the 


* In consequence of boxes having been received at different times, throagh the accidents 
of transit, it has not always been ible to ascertain with certainty to whom, among 
simultaneous collectors, should be allowed priority in the discovery of new species. 
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‘waamiations of form in large numbers of individuals, but by the discovery of 
several new species and the addition to the district-fauna of many others. 
‘Khe duplicates are made-up in series for distribution by the Smithsonian 
Emastitation; and, though of the worst quality from a “collector’s ” point of 
view, they will be found very serviceable by real students, being carefully 
mzamed in accordance with this Report. He has now received a dredge, con- 
structed for him by Dr. Stimpson; and if he succeeds in training the young 
Xmndians to use it, there is little doubt that a rich harvest of fresh materials 
will shortly be obtained. Some of the collections were made on the neigh- 
bonring shores of Vancouver’s Island, among which was a large series of 
Pachypoma gibberosum, Chem., with attached Bivonia, both of an essentially 
Eastern Pacific type, the former having been brought "from J apan by Mr, A. 
Adams. The Indians have taken a fancy to the opercula of this shell for the 
purpose of ornamenting their canoes. As it is an article of trade among 
themselves, it is remarkable that so large ashell should have so long escaped 
the notice of collectors. Dead specimens have been washed-up in California ; 
but it is not known even to enter the Straits of De Fuca alive. The shore- 
pickings of the Indian children, which have already added 25 species to 
science, are singularly free from ballast-importations, although they present. 
a few (supposed) extra-limital shells, probably washed-up by the ocean 
currents. The following are the species new to the Vancouver fauna; the 
remainder will be found tabulated in the 7th column of the general Table, 
pe 112, infra. 


, 1. Waldhe mia colin ’ valve 
rya pennatifera, teste Je 
3. Chaiophora punctata, one worn valve. 
4. Macoma Pedentula. Two living shells may be the young of this species, or an 
extreme var. of tnquenata, 
5. Mera salmonea. Plentiful. 
¢. Angulus s varvegatus. Rare. al 
. Semele olineata. e large valve may belong to this species, or (more 
were ln f Cab distinct and new. y "6 om oF ( 
sformica. One young valve. 
ry Miodens prolongatus, n. subg.,n.s. Several valves of this curious shell, inter- 
mediate between Lucina and Venericardia, accord with forms not before 
eliminated, from the Coralline Crag and Inferior Oolite, 
1 dere cir ont 
or e valves. 
12. Kellia (var.) Chironisi. sh few valves. 
13. Adula stylina. Pilentiful. 


14, Azxinea (? 48, var.) subobsoleta. Numerous valves. 
15. Siphonaria sites, n.s. Rare,dead. Like tristensis and other Cape Horn and 
N. Zealand - The genus was not known north of Margarita Bay. 


16. Mopalia ( Kennerleyi, var.) Swannti. One sp. and valves. 

17, Technoohiton (Trach ) Nedtaliss. One Bp. 

18, Haltotis Kamtsc - 

9. ypoma gibberosum, Chem. ‘Li 

20. Leptonyx sanguineus, Linn. Very medal ar (Japan, A. Ad, ;= Homalopoma 
sanguineum, antea p. 588 (nom. preoc.); Mediterranean, Philipps.) 

21. Chlorostoma funebrale (et var. subapertum. One sp.). 

22. Callostoma canaliculatum. Living abundant. 


28. Margarita cidaria, n. & One fresh specimen, with aspect of 7'ercica. 
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No. 

28. Gibbula funiculata, n. 8. Very rare. 

20. Hipponyz cranioides,n.s. Plentiful. 

80. Bivonta compacta, n.s. Frequent on Pachypoma; externally resemblks Peta- 
loconchus macrophragma. 

31. Bittium (P var.) esurtens. Common, dead. 

32, Lacuna porrecta, n. 8. Plentiful, with intermediate Pvars. erequata ani 


effusa. 

33. Lodna (? sokdula, var.) compacta. Rare. 

34, Lacuna variegatu, n. 8. Not common; resembles the Japanese Z. decorata. 

35. Isapis fenestrata,n. 8. Very rare. 

36. Alvania reticulata, n.s. Very rare. 

37. Alcania filosa, n. 8. One specimen. 

38. ? Assiminea subrotundata, n.s. One specimen. 

39. ? Paludinella, sp. One specimen. 

40. Mangelia crebricostata, n. 8. Very rare. 

41. Mangelia tnterfossa, n.s. Several dead specimens. 

42, Mangelia ta »n. 8. Several dead specimens. 

43. Daphmella effusa, n. 8. One broken specimen. 

44. Odostomia satura, n. 8. and Pyar. Goudit. Very rare. 

45. Odostomia nuciformis, nu. 8. and Pyar. avellana, “Very rare. 

48. Odostomia inflata. Very rare. 

47. Odostomia tenuisculpta, n.8. Very rare. 

48, Scalerta Indianorum, n.s. Rare. 

49, Opalia borealis. Very common. This fine species, indicated by Dr. Gld. (E. 
Is. Mol., p. 307) under Scalaria australis, closely resembles O. Ochotenss, 
Midd. is not referred to in the ‘ Otia,’ and the locality was naturally 
suspected. 

50. Cerithtopsis meunita,n.s. Rare. 

51. Cerithtopsis columna. Nery rare. 

52, Certthiopsts tuberculata. | Rare. No differences have been detected on comparing 

53. Triforts adversa. the Herm and Neeah Bay specimens. 

54. Trichotropis inermis. <A few specimens differ from the. decorticated 7. cancel- 
lata, and agree with Hinds’s diagnosis. 

55. Cancellaria modesta, n. 8. One sp. and fragment. 

56. Velutina prolongata, n.s. Very rare. 

57. Olivella biplicata. Very fine and abundant. 

58, Purpura (var. fuscata. Forbes’s species, the locality of which was before un- 
certain, is here connected by easy transitions with the normal saxicola. 

59. Columbelia (var.) ? Hinds, May be a stunted form of 4. gausapata. 

60. Amycla tuberosa. Rare. 

61. Chrysodomus tabulatus. One beautifully perfect specimen; described and 
figured from Mr. Lord’s broken shell, sent simultaneously. 


The following appear to be due to currents :— 


62. Pachydesma crassatelloides, Fragment. 
68. Fissurella volcano. One broken specimen. 


107. A collection of shells received from the Farallones Islands by Mr. R. 
D. Darbishire, of Manchester, soon after the publication of the first Report, 
contained several species at that time new to science, but in too imperfect a 
condition for description. Among them were— 


Martesia intercalata, Maz. Cat., no. 19. Burrowing in Hahotss reufescens. 
Odostomia inflata, n.s. Young shells, abundant, in Haliotes rufeacens. 
Ocinebra lurida. 

Ocinebra inter fossa, n. 8. 


Collections from the same locality were afterwards sent by tho Rev. J. 
Rowell, and are tabulated with the rest of the Smithsonian series in the 4th 
‘smn of the general Table, par. 112, 
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108, In 1860, previously to the commencement of the Californian Geo- 
Logical Survey, Dr. J. G.Cooper joined a military expedition across the Rocky 
Wf ountains, under the command of Major Blake, U.S.A. Having forwarded 
his notes and specimens to Judge Cooper, they were placed in the hands of 
Afr. Thomas Bland, of New York. He prepared a ‘Notice of Land and 
Freshwater Shells, collected by Dr. J. G. Cooper in the Rocky Mountains, &c.,” 
which appears in the ‘ Ann. Lyc. N. H. of N. York,’ 1861, pp. 362 et se7. 
"Wo have here the judgment of one of the most distinguished students of 
«4 merican land-shells, whose labours on the tropical forms have accumulated 
facts so important in their bearing on the Darwinian controversy *. The fol- 
lowing is an outline of the Report, which is peculiarly valuable for the copious 
motes on the station and distribution of species :— 


Wo. 

1. Helix Townsendiana, Lea. “ Both slopes of the Bitter Root Mountains, from 
2200-5600 ft. high. Large var. at the base of the range to 4800 ft. Small 
var. in dry prairie at junction of Hell-Gate and Bitter Root Rivers; also in 
Wash. Ter., west of the Coast Mountains. The most wide-spread of the 
species,” J. G. C.; Puget Sound, Cape Disappointment, teste Bland. 

2. Heltr Mullani, n.s., Bland. “ Under logs and in dry pine-woods: dead, Coeur 
d’Aléne Mission: living, west side of Bitter Root Mountains,” J. G.C.; 
St. Joseph’s River, Ist Camp, Oregon, teste Binney. Closely allied to H. Co- 
lumbiana, Lea, = labwsa, Gid. A beautiful hyaline var. was found under a 
stone, by the Bitter Root River, 4000 ft. high. 

3. Helix polygyrelia, n.s., Bland. “Moss and dead wood in dampest parts of 

ruce-forests ; common on the Coeur d’Aléne Mountains, especially eastern 
slope,” J. G. C. Entirely unlike any other N. A. species, and having afli- 
nity with H. polygyrata from Brazil. 

4. Helix Vancouverensis, Lea,=H. concara, Bin. sen. olim, non postea, nec Say ; 
=H. vellicata, Fbs., certainly; =H. sportella, Gld., probably. “ West side 
of Coeur d’Alene Mountains, W. T., in forests of Conifers, such as it in- 
habits west of the Cascade Range. Between these two ranges, for 200 milcs, 
is a wide plain, quite uninhabitable for snails, on account of drought. This 
sp. and Ii. Townsendiana probably travel round it through the northern 
orests in lat. 49°,” J. G. C. Also Crescent City, Cal., Newcomb; Oregon 
City, Whidby’s Is. W. T.; Mus. Bland. Found on the Pacific slope, from 
Puget Sound to San Diego. 

5. Heltx strigosa,Gld. “ stivating under pine-loga, on steep slope of shale, 
containing veins of lime, 4000 ft. high, near Bitter Root River, Rocky Moun- 
tains,” J. G. C.; Big Horn Mountains, Nebraska; Rio Piedra, W. New 
Mexico; teste Bland. One sp. reached N. York alive, and deposited six 
young shells. [?May not these have been abnormally hatched in the body 
of the parent, from the unnatural confinement. | 

6. Hekx Cooperi, Binn., jun. “ East side of Mullan’s Pass, Rocky Mountains, 
W. T., at an elevation of 5500 ft.,” J. G. C.; Black Hills of Nebraska, Dr. 
V. Hayden; Big Horn Mountains, Nebraska; west side of Wind River 
Mountains; Rio Piedra, W. N. Mexico, teste Bland. Passes by varieties 
towards H. strigosa, Gld. Hayden’s shell from Bridger’s Pass, Nebr., referred 
to by Binn., jun., Journ. A. N.S. Phil. 1858, p. 115, as H. solitaria, var., is 
the young of this species. 

7. Helix solitaria,Say. Both slopes of Coeur d’Aléne Mts., 2600 feet high, J. G. C. 
Also Prairie States, teste Bland. 

8. Helix arborea, Say. “ Damp bottom lands, along the lower valley of Hell-Gate 
River, 4500 ft. high,” J. G. C. Found from Labrador to Texas, and from 
Florida to Nebras a; also on the River Chama, N. Mex.; also Guadaloupe, 
teste Beau and Férussac, letter to Say, 1820; teste Bland, 


* Vide“ Geographicel Distribution of the Genera and Species of Land Shells of the 
Weet Indies, &e.,” by Thomas Bland. Reprinted from Ann. Lyo, Nat. Hist., vol. vii. Now 
ork, . 
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“9. Helix striatella, Anth. With H. arborea, J.G.C. From Canada E-. to Kansas, 
and from Pembina (F River N.) to Virginia; teste Bland. 
10. Succtinea Me ae “ Rocky Mountains of Bitter Root Valley, 2500- 


The freshwater shells collected on the Rocky Mountains by Dr. Cooper 
were determined, with the assistance of Dr. Lea and of Messrs. Binney and 
Prime, as follows :— 


ll. Limnea fragilis [as of] Linn. [Binney]. Hell-Gate River; Missouri River, 


above the Falls. = ustris, auct. | 
12. Limnea humilis, Say. Hell-Gate River. 
13. Limnea bulimoides, . Binney]. Missouri River, above the Falls. 
14. Lnmnea dendwea, bay. uri River, above the Falls. 


15. Physa hypnorum, Linn. Hell-Gate River. 
16. Physa heterostropha,Say. Hell-Gate River; Missouri River, above the Falls. 
17, Planorbis trivolns, Say. Hell-Gate River. 
18. Planorbis Fparous, Say. Hell-Gate River. 


19, Ancyius, 

OL, Lente st, Lea. Hell-Gate River. 

21. 

22. dmcol 

23. ri yolae occidentale, Prime. Hell-Gate River. 

24. herium Cyclas striatinum, Lam. Missouri River, above the Falls. 
25. Unio luteolus, Lam 


26. Morgaritana margarits era, Linn. Missouri River, above the Falls; also S 
River, below Lake Cosur d ’Aléne,= A. falcatus, Gld.; the purple var. hi 
only found on the Pacific slope. 


109. The land-shells of the peninsula of California present points of great 
interest to the student of geographical distribution. While those of the 
eastern shore of the Gulf belong exclusively to the Mexican or Central Ame- 
rican fauna, those of the western present in their general features that form 
of the South American type which belongs to the region of the Andes. The 
contrast between the Glandine and painted Bulimids of Mazatlan, and the 
small dull forms, or solid white shells of the peninsula, is evident even to the 
superficial observer. They are catalogued by Mr. Binney in the ‘ Proc. Ac. 
Nat. Sc. Philadelphia,’ 1861, pp. 331-333, and are as follows, outline-figures 


being given of the new species :— 
No. 
1, Helix areolata, Sby. CerrosIs., Dr. Veatch. 
2. Helix Pandore, Margarita Is, (Binney). 
3. Bulimus excelsus, Gld. La Paz. (Mus. Cal. Acad. N.S.) 
4. Bulimus vesicalia, Gld. yor alifornia. [Altered in ‘ Otia,’ p. 184, to B. 
suffiatus; nom. 
5. Bulimus Dees pallor, Shy = =vegetus, Gld. With B. incendens, v.infra. (S. Ame- 
rica, Cuming.) [Cape St. Lucas List, no. 166. } 
6. Bulimus proteus, Bod P One large an¢ and many y 70 specimens ; Cape St. Lucas, 
Xantus. (Mountains of Peru, teste Efeiffer.) Crs S. L., no. 167. 
7. Bulimus Xantust, n.s. Promontory of ucaa. 4 ap Xantus. [No. 168.) 
8. Bulimus artemista,n.s, Promontory of St. Lucas. 1 sp. ., 00 small species of 
Artemisia; Xantus. [C.S. L., no. 169.] 
9. Bulimus pilula, n.s. Todos Santos Mission and Margari ita Is., in rocky spo 


under mosses, not uncommon, Xantus. Resembles B. an afc, Shy. shim [No. uy 
. Bulimus incendens, 1.8, In great numbers with B. paildwr, 
high “co or copaiva trees, on hills 800-1000 ft. “i Cape St 

1 


_ 
=) 


ita Bay, Xantus. Resembles B. ercelsus, Gd. 
. Pedipes trata, Binn. ape St. Lucas, Xantus. [C. 8. L., no. 


p= 
pa 
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110. At the time of the preparation of the first Report, not a single 
ma aturalist was known in Europe to be resident on the western slope of North 
A merica, to whom communications could be addressed on the subject of it. 
‘There was, however, even at that time, a “Californian Academy of Natural 
Sciences,” which met at S. Francisco, and published its ‘ Proceedings.’ This 
Academy is now in a flourishing condition, under the presidency of Col. L. 
Ransom. The general zoological department is under the care of Dr. J. G, 
Cooper; the shells under that of Dr.J. B. Trask, Vice-President of the Academy, 
~whose name has already appeared in Judge Cooper’s Report, anted, p. 597 ; 
and the fossils under that of Mr.W.M.Gabb. The corresponding secretary 
is Dr. W. 0. Ayres; and the librarian Prof. J. D. Whitney, the director of 
the State Geological Survey. Already the nucleus has been formed of a very 

valuable collection, many of the critical species in which have been sent to 
England for identification. The coasting-trade between 8. Francisco and 
many stations in L. California, the Gulf, and the Mexican coast, offers pecu- 
liar facilities for obtaining valuable information. Two of the contributors to 
the Californian Academy require special and grateful mention. Dr. Wesley 
Newcomb (whose labours had greatly enriched the State Collection at his . 
native city, Albany, New York, and whose researches among the Achatinelle 
in the Sandwich Islands are well known) is stationed at Oaklands, near Fran- 
cisco, and has already furnished valuable papers, an abstract of which is here 
given, as well as emendations and additions to the British Association Report, 
which are included in their appropriate places*. The Rev. J. Rowell has long 
been a regular correspondent of the Smithsonian Institution, and has sub- 
mitted the whole of his West-coast collections for analysis. He has dis- 
played peculiar industry in searching for small species on the backs of the 
larger shells, especially the Haliotids of the Californian coast, and the Ostrea 
iridescens, which is imported in large quantities from Acapulco for the San 
Francisco market t. . 

In the ‘ Proc. California Ac. Nat. Sc.,’ vol. i. pp. 28-30, Feb. 1855, Dr. 
J. B. Trask published descriptions of Anodonta Randalli, Trask, Upper San 
Joaquin ; Anodonta triangularis, Trask, Sacramento River; Anodonta rotund- 
ovata, Trask, Sacramento Valley ; Alasmodonta Yubaénsis, Trask, Yuba River. 

In the ‘ Ann. Lyc. N. H. New York,’ vol. vii. 1860, p. 146, Dr. Newcomb 

describes the first Pupa found on the Pacific slope, viz. Pupa Rowellis, Newe. 
Near Oakland, Cal. ‘‘ Approaches nearest to P. ovata, Say.” 


* The “ Chiton amiculatus,’’ Newe., MS., = tochiton Stellert. ‘Rare near §. Fran- 
cisco ; somewhat more abundant in the Bay of Monterey.” His “‘ Panopea generosa,” in 
the Albany Museum, was found to be Schizotherus Nuttallit. 

_t Asan instance of the way in which mistakes arise, ma laced on record a series 
of shells sent to Mr. Rousseau, of Troy, New York, by Ar. , formerly of that 
city, now a resident at San Francisco. They were sent as Californian ; yet, of th 

four species which it contained, only one could be called a native of that province. All 


num; 


Trigona radiata, Hindsti; Anom. subimbricata ; Lima tetrica; Siphonaria gigas, bcanium, 


maroceana, catenata ; snécea uber: Leuc. onguiata Hineta harpa; Purp. triangularis. 
The single shell from the temperate fauna is Glyphis capera, which has not yet been found 
so far south as San Francisoo. 
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In the ‘ Ann. Lyc. N. H. New York,’ 1861, p. 287, the Rev. J. Rowell. of 
San Francisco, describes the second species of Pupa® discovered on the 
western slope, viz. “ P. Californica, Row., San Francisco: plentifal.” 

On February 4th, 1861, Dr. Wesley Newcomb published (Latin) dia- 
gnoses of the following Californian Pulmonates in the ‘ Proceedings of the 
Cal. Ac. Nat. Sc.,’ vol. 11. pp. 91-94. A second Part bears date March 15th, 
pp. 103, 104. 


Page. 

dL. Helix Bridgests, Newc. San Pablo, Cal. I sp. Distinct from all described forms. 

Helix Trasktt, Newe. Los Angelos, Cal. “ Distinguished from 7. Thenarsi 

at a glance.” 

92, Vitrina Pfeifferi, Newc. Carson Valley. More rounded than dtaphera, Drap. 

94. Pisidium covieniale Newe. Ocean House, S. Francisco, Row ” 

103. Helix Carpenteri, Newe. Tulare Valley, Mus. Cal. Ac. Belongs to the Cr- 
clostomoid group, and has the aspect of a desert species. [Quite distinct 
from Hf. Carpenteriana, Bland, Florida. } 

9» Helix Ayresiana, Newc. Northern Oregon; Mus. Cal Ac. Resembles Z. 
reticulata, Pfr., a Californian species not identified by the author. 

104, Physa costata, Newcomb. Clear Lake, Cal., Veatch, Mus. Cal. Ac. 


In the ‘Proc. Ac. Nat. Sc. Philadelphia, 1861,’ pp. 367-372, Mr. W. M. 
Gabb published “ Descriptions of New Species of American Tertiary Fossils,” 
in which occur several Californian shells. The authorities for the localities 
are not given, and the diagnoses are in English only. Considerable confusion 
often arises from the study of tertiary fossils without knowledge of recent 
shells, and vice versd. Mr. Gabb’s writings on the Cretaceous fossils of Ame- 
rica display an ability with which this paper is perhaps not commensurate. 
Some errors which had been found very difficult to understand are here cor- 
rected by the author himself, who regrets the incompleteness of his earlier 


work. 
368, TurFonilta aspera, Gabb. Sta. Barbara, Miocene. [= Bréteum, sp., teste Gabs, 


+ | 


93 Modeha striata, Gabb. Sta. Barbara, ?Miocene. [= Lacuna certnata, Gd. 
teste Gabb MS. and specimens. Mr. Gabb considers that Istortna Pedroana 
Conr., is the same species, which is probably not correct. ] 
869, Sphenia bikrata,Gabb. Sta. Barbara. (Description accords with Sanesre 
arctica, jun., var.; but Mr. Gabb considers it a good species. } 
» Venus rhysomia, Gabb. ? Miocene, Sta. Barbara. [= Psephes tantidlla, Gld., 
teste Gabb MS. and specimens. | 
871. Cardita monilicosta. ? Miocene, Sta. Barbara. [Description accords with 
Venericardia ventricosa, Qld. jun.; but Mr. Gabb considers it a cies. | 
» Morrisia Horn. PMiocene. Sta. Barbara. “ First pointed out by Dr. 
Horn in a rich fossiliferous marl, and not uncommon.” 


In the ‘ Proceedings of the Calif. Ac. Nat. Sc.’ for April 7th, 1862, pp. 170- 
172, Mr. W. M. Gabb published detailed English ‘“‘ Descriptions of two Species 
of Cephalopoda in the Museum of the Academy,” of which one, Onychoteuthis 
fusiformis, is said to be from Cape Horn, the other from California. 


170. Octopus punctatus, Gabb. Common near San Francisco. Also abundant in 
Scammon’s Lagoon, Lower California, Capt. C. M. Scammon. Arms more 
than seven fect long, Dr. W. O, Ayres. “ Differs from O. megalocyathus, 


* That the race of small Pupa is very ancient on the North American continent, as in 
Europe, is evident from the very interesting discovery, by Prof. Dawson, of a fossil Pepe, 
tn situ, nestling in an upright tree, fossilized in the Nova Scotian coal-beds; which can 
scarcely be distinguished, even specifically, from some living forms. 
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wees: Couth., E. E. Moll. p. 471, in absence of lateral membrane, size of mouth and 

cupules, and general coloration.” 

AZ1. Onychotedhis Jusiformis, Gabb. “Cape Horn,” Mus. Ac. [San Clemente 
Is., Cal., Cooper, MS. ] 

From the ‘ Proc. Cal. Ac. N. S.,’ 1863, p. 11, it appears that at least one 
mollusc, a Teredo or Xylotrya, has already established for itsclf an economic 
«celebrity. Piles have been entirely destroyed in six months from the time 
they were placed in the water. 

On March 2, 1863, Mr. Auguste Remond published, in the same Journal, 
English “ Descriptions of two new Specics of Bivalves from the Tertiaries of 
Contra Costa County: ”— 


13. Cardium Gabbis, Rem. Late tert. deposit near Kirker’s Pass, in shelly sand, 
with Tapes regularis, Gabb, and Murer ponderosus Gabb, both extinct. 
“ Easily recognized by heavy hinge and enormous laterals ; lunule cari- 
nated.” ([? Laocardium. | 

93  Ostrea Bourgeoisti, Rem. Same locality. 


On April 20, 1863, Dr. Cooper described (in English) the following mol- 
luse, of which the only species previously known is from Cuba :— 


21. Gundlachta Caltfornica, Rowell. Fig. 5 (three views). Fifty specimens on 
water-plants in clear, stagnant ponds, at Marysville, Feather River, Rowell. 


On January 8, 1864, Dr. Newcomb described (in Latin) the following, 
with other Pulmonates from the State Survey, already tabulated in p. 609 :— 


115. Helix Hillebrandi, Newe. Tuolumne Co., Cal. One recent and several fossi 
shells, M. Voy. Like H. Thouarsti, but depressed and hirsute. 


The latest contribution to the malacology of California is one of the most 
interesting. It is described (in Latin) by Dr. Newcomb, Feb. 1, 1864 :— 


121. Pedicularia Californica, Newc. One specimen from coral growing on a mon- 
ster Echidnocerus, very deep water, Farallones Is., D. NV. Robinson. “ As 
beautiful as P. elegantissima, Desh., from Is. Bourbon.” [Mr. Pease also ob- 
tained a deep-water Pedicularia from coral in the Pacific Is., which Mr. 
Cuming affiliated to the Mediterranean P. Sicula. Dr. Gould (Otia, p. 215 
also describes P. decussata, coast of Georgia, 400 fm., U. S. Coast amen 


111. The following descriptions of species, and notes on habitats and 
synonymy, have been collated from various American scientific periodicals, 
chiefly by the assistance of Mr. Binney’s ‘ Bibliography.’ 

In the ‘ American Journal of Science and Art,’ O.58., vol. xxxviii. p. 396, 
Apnil 1840, Dr. A. A. Gould records the following species, said to be from 
‘‘ California.” His Trochus vittatus is not known :— 


Murex tricolor et bicolor. Trochus vittatus. 
Cardium Californianum. — Bulimus undatus. 


In the ‘Annals of the New York Lyceum of Natural History,’ vol. iv. 
1846, No. 5, p. 165, Mr. John H. Redfield first described Triton Oregonense, 
Straits of San Juan de Fuca: plate 11. fig. 2. 

In the ‘ Proceedings of the Academy of Natural Sciences of Philadelphia,’ 
1848, vol. iv. p. 121, Mr. T. A. Conrad described new genera, and gave notes on 
Parapholas Californica, Cryptomya Caltfornica, and Psammobia Californica, 
altering Osteodesma hyalina (nom. preoc.) into Lyonsia Floridana. In the 
same work, March 1854, vol. vii., Mr. Conrad described Cyathodonta undulata. 
He also states that Gnathodon trigonum, Petit, is probably identical with G. 
Leconte, Conr. [?] (nom. prior), and alters genus Trigonella to Pachydesma. 
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In the ‘Proc. Boston Ac. Nat. Hist.,’ July 1851, vol. iv. p. 27, Dr. A. A. 
Gould published ‘“ Notes on Californian Shells,” and, in vol. vi. p. 11, described 
Helix ramentosa, California, and Helix damascenus, from the desert east of 
California. 

In the ‘Proceedings Ac. Nat. Sc. Phil.’ April 1856, vol. viii. pp. 80, 81. 
Dr. Isaac Lea described the following species of new freshwater shells from 
California :— 

Pompholyx effusa. Sacramento River. 
Melania Shastaansi Shasta and Scott Rivers. 
Melania nigrina. Clear Creek, Shasta Co. 
Physa tritwea. Shasta Co. 

Planorbis Traskis. Kern Lake, julen. Co. 
Lymnea Proxima. a nlo. 
Ancylus patelloides. Sacramento River. 


and offered notes on 


Margaritana margaritifera, Lea,= Alasmodonta falcata, Gld.,= Alasmodonts 
Yubaénsis, Trask. Klamath and Yuba. 

Anodonta Wahlamatensis, Lea,= A. iriangulata, Trask,-+ A. rotendovata, Trask. 
Sacramento River. 

Anodonta angulata, Lea,+A. feminalis, Gld.,+A. Randalli, Trask. Upper 

an Joaquin. 

Helix Orequnensis, Lea. Point Cypress, Monterey Co. 

Helix Nickliniana, Lea. Tomales Bay and Dead Man’s Island. 

Heliz Calsforniensis, Les. Fount Cypress. 

Lymnaea exigua, Les. San Antonio a. 

Iymnea pallida, Ad. San Antonio Arroya. 

Physa heterostropha, Say. Los Angeles. 

Melania occata, acramento River. 

Melania (Paludina) seminalis, Hds. Sacramento River. 

Planorbis trivolvis, Say. Horn Lake. 

Planorlis ammon, Gid. Lagoons, Sacramento Valley. 


In the New Series of the ‘Proc. Ac. Nat. Sc. Philadelphia’ occur descriptions 
and notes on species, as under :— 


Page. 
1857. Feb. 18. Helix interisa, W. G. Bin, =H, Nickliniona, Bin, sen. vat 
n. 

1857. 9 19. Suocinea lineata, W.G. Bin. Nebraska. 

1857. June. 165. Mr. T. A. Conrad described the genus Gonsdea for 4. angu- 
lata, Lea; and for Gontdea Randals, Trask, and Gossdes 

Semsnalis, Gid.; regarding the three species as probably 
distinct. {Dr Lea, however, considers them varietal. 

1858. March. 41. Dr. I. Lea described Planorhis Newberry:. Klamath e 
and Canoe Creek, California. 

1860. March. 28. Melania Newberrys, Lea: Upper Des Chutes River, Oregon, 

ewberry. 


In the “ Notes on Shells, with Descriptions of New Genera and Species,” by 
T. A. Conrad, reprinted from the ‘Journ. Ac. Nat. Se. Phil.,’? Aug. 1849, are 
given the following synonyms, pp. 213, 214:— 


Petricola Californica, Conr.,= Saxicava C., Conr.,= P. arcuata, Desh. 
Petricola carditoides, Conr.,= Saxtcava c., Conr,,= P. cylndracea, Desh. 
Siiqua Nuttallis, Conr.,== Solecurtus N., Conr.,==Solecurtus maximus, Gld., non 


ood, =Solen splendens, Chenu. 


Siliqua lucida, Conr.,=Solecurtus 1, Cont.j=Solecurtus radiatus, Gid., noo 
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En his “ Synopsis of the Genera Parapholas and Penitella,”’ from the same 
source, p. 335, are given as synonyms— 


Parapholas Californica, Oonr., =Pholas C., Conr., =Pholas Janelli, Desh. 
Penitella Conrads, Val., =-Pholas penita, Conr., == Pholas concamerata, Desh. 
Penitella melanura, Shy. ., ==Penitella Wilsont, Conr. (not Parapholas bisulcata). 


In the elaborate but somewhat intricate ‘‘ Monograph of the Order Phola- 
dacea,” &., by G. W. Tryon, jun., Philadelphia, 1862, the following species 
are quoted from the Weat Coast, and form the conclusion of the marine shells 
thitherto described, so far as known to the writer :— 


49. eon. Not tho slight ovata, Sby. Panama, W. L, and Charleston, Stimp- 
ot the slightest difference between the Pacific and Atlantic speci- 
pene 


7A. Pie europe) truncata, Say. Massachusetts ; 8. Carolina ; Payta, Peru, 
Ruschenberger ; 
7. Daoctylina ( Gitooontrum) Chilogneis, King , 1882,= Ph. , Sby., 1849. 
Peru, Chili [Fanama, Jewett |. differs from + Campechensis = 
Ph. oubhebed, ay, = Ph. Ceo a, D b.; Southern U. S., W.I 
82. Navea subg Gray, Ann. N. H. 1851, vol. viii. p. 885. California. [“In 


a hole in a shell. Cabinet Gray.” Neither shell nor authority stated. 
85. Pholadidea (Hatasia) melanura, Sby. Lower California,= Pensella Wi 
Conr., J. A. N. Sc. Ph., fig. "4 (non 5). “ This error in led Dr. 
Gray to misunderstand both the species and Conrad’s idea of the genus 
Penstella.” [Vide Brit. Assoc. Rep. 1856, p. 265.] 
87. Penttella penta. (Mr. Tryon erroneously quotes (Netastoma) Darwinii, as 
Jouannstia. (Pholadeputs holadépeis) pectnata o halk P 
88. Jouannet onr. 7a Triomphaha pulcherrima, 
«“ Californta” te ett ” [no sho) , W. Colum MY. 


127. “ Pholas retsfer orch Blatt. vii. te 7, Dec. 1860. One broken right 
Tro 1 ab. Real Llejos. ” == Dactylina ( Gitocentrum) Chiloénsis, King [teste 
on 


112. The following Table contains a complete list of all the Molluscs which 
have been identified, from Vancouver Island to S. Diego, arranged so as to 
show at the same time their habitat, and the principal collectors who have 
obtained them. The species in the firet column were obtained by Prof. 
Nuttall; in the second, by Col. Jewett. The third column (marked B.A.) 
contains the species tabulated from other sources in the First Report. Those 
to the right of the double column are the fresh explorations recorded in this 
Supplementary Report. The fourth column contains the shells brought by 
the Pacific Railroad Expeditions, as well as the species sent to the officers of 
the Smithsonian Institution by the Rev. J. Rowell and their various corre- 
spondents. The fifth column (‘ Ken.’) contains the species of the American, 
and the sixth (‘Lord’) of the British North Pacific Boundary Survey. The 
seventh records the collections of Mr. Swan and his Indian children; the 
last, those of Dr. Cooper in the Californian Geological Survey. As a large 
proportion of the species are as yet unknown, and the diagnoses will be found 
scattered in various periodicals, some of which are rarely accessible in this 
country, it has been judged needful to add a few words of description, with 
references to well-known books. By this means the student will have before 
him a compact handbook of the fauna, and will distinguish at a glance the 
range of localities, and the amount of authority for each. For the full 
synonymy, the previous pages of the two Reports must be consulted. 
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Results of the Explorations in the Vancouver and Californian Province. 1864. 

(Omitting the doubtfully located and undetermined species.) ~~ 

Lhe letters stand fo the localities in which the shells were collected, % 
follows :— 


V. Vancouver Island, Straits of S.| M. Neighbourhood of Monterey. 
Juan de Fuca, and adjoining | B Sta. Barbara. 


2 ° . }? ° 
shores of Washington Territory, | D. The region between S. Diego ani 
formerly known e4 Oregon.’ % ' 8. Pedro. ” 

P. Puget’s Sound and the neighbour- | I. The islands: in the 4th colum:, 
hood. enerally the Farallones; in the 
O. Oregon ; and the region on each side fast, the Sta. Barbara group. 
of the Columbia River. H. Species obtained from the backs of 
C. California; or the district north of Haliotids ; locality unknown; 
the peninsula, generally. _ __ probably Lower California. 
L. Peninsula of Lower California. Sr. Fragments only. 


r. 
F. Neighbourhood of 8. Francisco. fos. Only found fossil. 


Nutt.| Jew. IB. A. | smiths Ina.| Ken. Lord.|Swan. Cooper, | 


ee | co | en | , eee | ree | oS SS | 
l 


S 
= 
j= | 
Z 
So 
| 
| 
| 


_ 


| D 
1. Lingula albida .......... —|/—;Di — —}|—j;,—: BD 
2. Rhynconella psittacea —|— |} — —_— —|Vi- | — 
3. Terebratula unguiculus....| — | — | — — —| Vivi MD 
4. Waldheimia 1 vinata —;—/|/Py}—_— P};—|{— _ 
5. —— Californica ........ —j;—/;c' — —|{—}]— ] 
6. Grayi ww... cece, —{—!—/ — |;—;—]—/| ! 
7. Terebratella Coreanica....) —|—/]—{/ — —j}j—|] Vi —- 
8. arias wegen —{—j{P = P| Vv y Pl | 
. lotrya pennatifera —}j—|— | F —|— _ 
1s ogmagmaatne PIER [ajy]2| = 


Guide to the Diagnosis of the Vancouver and Californian Shells. 


Class Potyzoa. Family Discoporide. 
Defrancia intricata, Busk. Maz. Cat. no. 13. From Southern fauna The t 
maining species in this class have not yet been determined. 


Class PALLIOBRANCHIATA. Family Lingudide. 
1. Lingula albida, Hd. Voy. Sulph.; Rve., Hanl., Davidson et auct. 20 fm. c. (. 


Family 2hy de. 
2. Rhynconella pattacea, Linn. auct. E. & W. Atlantic: circumpolar. 
Family Terebratulide. 
3. Terebratula unguaculus,n.s. Like Terebratella cape serpentis in size, shape; and 
sculpture ; but loop incomplete in adult, as in 7. vifrea. 6-20 fm. not r. (?- 
4. Waldheimia pulvinata, Qld. E.E. Smooth, subglobular, ashy. 80 fm., livia 


., CI. 

5. ? Waldheimia Californica, Koch, non auct. Colour ashy. Intermediate betwee? 
Coreanica and globosa, Lam., Rye. (which is Californica, auct. non Koch). 

6. Waldheimia Gray, Davidson. Very transverse, reddish, deeply ribbed. 

7. Terebratella Coreanica, Ad. & Rve. Voy. Samarang. Size of ylobosa reddish. 
= mintata, Gld. Jun. P=/frontalis, Midd., Asia. 

8. Terebratella catiring, Gld. E.E. Like dorsata; subtriangular, aahy, with trong 
or faint ribs. 


Class LAMELLIBRANCHIATA. Family Teredide. 
Ayloirya pennatifera, Blainv. Ann. Nat. Hist. 1860, p. 126. t 
ylotrya fimbriata, Jeftr. in Ann. Nat. Hist. 1860, p. 126;= palmulata, F08. 
Hanl., non Lam. Phil. 
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{ 
Nutt.| Jew. | B. A. Smiths. Ins.) Ken. | Lord./Swan.| Cooper. 


11. Zirphea crispata ........, —|/—{— i — P!|—i?V| DA. 
12. Pho ladides penita ...... B|B{C |VOFMB! P| —|V MD 
153. — ovoidea .........00. | —{D|D H —|;—| — M 
14. Netastoma Darwinii .....—!—/|M | — —|Viji— C 
15. Martesia intercalata ...... —/—!—] rt |—}|—]—-| — 
16. Parapholas Californica....; B |-—| C } — —!—|— D 
17. Saxicava pholadis........ —|M Cr. MCH | P| VI V D 
18. Glycimeris generosa...... —j—|P PF |—|—-—|— D 
19. Mya truncata............ —|— P| — P|—|— — 
20. Platyodop cancellatus ....' B | — | C | FD —j|{—i—| FDI 
21. Cryptomya Californica B|C! F P|—|V D 
22. Schizotherus Nuttalli.....— |B |C || OFM | P|—ivV D 
233. Darina declivis .......... —|—|— — —!V/|— — 
2-4. Corbula luteola...,...... —}—|— — —|—|i— D 
23. Spheenia ovoidea ........ —{—|— | —_— Pj—i— — 
26. Nesera pectinata ........ —frporho= P|—j— BI 
Family Pholadide. 


11. Zirphea crispata, Linn. auct. E. & W. Atlantic and circumpolar. 

12. Pholadidea penita, Conr. Hanl. auct.=concumeruta, Desh. Shape from elongate 
to ovoid ; umbonal reflexion closely adherent. 

13. Pholadidea ovoidea, Gid. Otia. Umbonal reflexion with anterior opening. 

14. Netastoma Darwinti, Sby. New subgenus: valves prolonged, like duck’s bill 
instead of cups. Surface with concentric frills. Quoted from “8S. A.” 

15. Martesia intercalata, Cpr. Maz. Cat. no. 19. From Southern fauna. 


16. Parapholas Californica, Conr. Hanl. auct.=P. Janell, Desh. Ve large ; 
with layers of thin, short cups. y 


Family Saricavide. 


17. Saxtcava pholadis, Linn. auct.-+-var. arctica, Linn. auct. Maz. Cat. no. 23-+-var. 
gastrochenoidea, ovoid and gaping like Maz. Cat. no, 21-+-var. legumen, Desh., 
elongate, cylindrical, scarcely gaping. ; 

18. Glycimeris generosa, Gid. E.E. Perhaps= Panopea Faryasii, 8. Wood, Crag 

oll.: pipes like Sazxicava. 


Family Myade. 
19. Mya truncata, Linn. auct.= M. precisa, Gid. Atlantic: circumpolar. 


20. odon cancellatus, Conr. Hanl. Pipe-ends 4-valved. Low water: common. 
old in S. Francisco market, Cp. 


21. Cryptomya Californica, Conr. Outside like young Mya; mantle-bend nearly 
obsolete. 


Subfamily Zedrarine. ‘ 
22. Schizotherus Nuttall, Conr.+Tresus maximus, Midd. Gray=Z. capar, Gld. 
Shape from ovoid to elongate; very large and tumid ; beaks swollen ; hinge- 


sides channeled ; mantle-bend joined to ventral line. 
23. Darina decliris, n.s. Outside like Machera. Cartilage-pits produced, gaping. 


Family Corbulde. 
24. Corbula luteola,n.s. Shape of young biradiata; small, ashy yellow. Com. Cp. 
25. Sphenia ovcidea, 1. & Sipronal area smal! ; front excurved > Fantle-bend large. 


26. Neera Pe Ge n.8, Principal ribs about 12; beak smooth. Like sulcata. 
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27. Clidiophora punctata .... 
28. Kennerlia filosa......2... 
20, —— bicarinata...... eee. 
30. Periploma argentaria .... 
31. Thracia curta............ 
32. Lyonsia Californica ...... 
33. Entodesma saxicola. . 
34, ——_ inflata ........ 


B 
D 
B 
B 
35. Mytilimeria Nuttalli .... Cc 
B 
OB 
D 
C 


36. Plectodon scaber ........ 
37. Solen sicarius .......... 
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< 
© 
>| 


39. —— subteres .......... 
40. Machera patula ........ 
41. Sanguinolaria Nuttalli.... 
42, Psammobia rubroradiata .. 


[temo l lI ii ol lid | 
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Family Pandoride. 
27. Chdiophora punctata, n. g. (Type of genus= Pandora claviculata, P. Z. S. 1855, 
P. 228.) Teeth }, posterior long, with ossicle. Conr.sp.; like Ci trilimeate. 
ut teeth more divergent ; inside strongly punctate. 
28, Kennerlia filosa,n.s. New subgenus of @ with ossicle: outer layer m- 
diately grooved. Shell beaked. 
29. Kennerlia bicarinata, n.s. Not beaked; 2 post. keels in convex valve. 40-6 
fm.r. Cp. May prove=P. bitrata, Conr. 
Family Anatinide. 
30. Periploma argentaria, Conr. Hanl. Large, subquadrate. 
81. Thracia curta, Conr. Hanl. Strong, ae ate. 
32. Lyonsia Californica, Conr. Hanl.+-bracteata+nitida,Gld. Outline variable : often 
close to Atlantic L. Floridana: striated external layer fugacious. 
. saxicola, Baird. Subgenus of Zyonsta: animal nestling, irregular. 
' Close to E. cuneata, Ad.& Rve. Form protean: brittle, thick, lurid, with 
enormous ossicle. Var. cylmdracea has the form of Saxtcava ’ 
34, Entodesma inflata, Conr.=duaphana, Cpr. P.Z, 8. 1855, p. 228, m Southern 
fauna. Like picta, but pale, without pinch. 
35. Mytilimeria Nuttalli, Conr. Hanl. ? Subgenus of Zyonsa: rounded, with spiral 
umbos. 
- 86. Plectodon scaber,n. g.,n.8. Shape of Theora: dorsal ins twisted-in spirally 
inside umbos. Lateral teeth laminated, with internal cartilage hidden, ap- 
pressed. 2. valves, 40-60 fm. Cp. 
Family Solentda. 
87. Solen sicariuse, Gld. Otia. Nearly straight, rather short, truncated. 
376. Solen ? var. rosaceus. Straight, narrower, longer, smaller; glossy, rosy. 
Family Solecurtide. 
$8. Solecurtus Californianus,Conr. Hanl. May be a var. of the Peruvian ? Dombeyi. 
Yellowish ash, with ventral parallel grooves. A Pvar. without grooves closely 
resembles gibbus. 
89, Solecurtus subteres, Conr. Hanl. Small, compact, with ‘violet rays. 
40, Machera patua, Dixon= S. maximus, Wood = grandis, GmeL = Sikqua Nuttall: 
P +luctda, Conr. (var, jun.) Asia. 
Family Tellinida. 
41. Sanguinolaria Nuttall, Conr. Hanl.= Psammobia decora, Hds. Flat, rounded. 
42. Psammobia rubro-radiata, Nutt. Large: shape of vespertina: rayed with lilac. 
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47. —— inquinata .......... 


55 - 
56. CEdalia subdiaphana...... 
57. Cooperella scintillesformis . 
58. Lutricola alba .......... 


D 
D 
B 


PP PTTL ED | rocoto] 
PETLELTE LE SEE EStEEe 
Ll ll <1 44] 41 eee] 

SO) semebel 21) Bele : 


ll elomEl sl §iio 


43. Macoma secta,Conr.Hanl. Large, flat, rounded, glossy; winged behind ligament. 
43 b. Macoma var. edulis, Nutt. Northern form, less transverse ; texture dull. 
44, Macoma indentata, D. 8. Like secta, jun., but beaked, indented, and ventrally 


rod 
45. Macoma yoiiformiy n.s. Small, white, glossy, very transverse ; ligament-area 
scooped-out. 
46. Macoma nasuta, Conr. auct.+derea, Gid. Large, beaked, twisted; mantle- 
bend iy opposite scar in one valve. From Kamechatla to S. ae. 
y 


Cape Lad , 16°, Belcher, 1826. 3 ft., mud, between tide-mar 

47. Macoma inguinata , Desh. P. Z. 8. 1854, p. 357. Like degraded nasuta; mantle- 
bend a Title oe ted from scar in both valves. 

47 b. Macoma Pedent » Brod. & Sby. jun. ; or an abnormal var. of inquinata. 

48. Macoma Pvar. expansa. Scars like lata and calcarea in Mus. Cum., but teeth 


not bifid bifid, 2 very thin, glossy. "Searcely differs from lata, Desh. in B. M. 


49, Macon in r. & Shy = Sang. Californiana, Conr. Probably = =“ Fg- 
brictie= fr eb us, Cum. e thin, flat soldula: pink; var. 
, white. 8-16 fm. Lyall, 
50. ; modestus, n.s. (Subg. of Tena.) Like tener, Say; but with callus 
tween mantle-bend and scar. Whi 
506. Angulus Pvar. obtusus. Inside like modestus but beaks obtuse. 
51, Angulus variegatus n. 8. Shape of obfusus: no eallus; rayed with pink and 
yellow. fm. r 
52. Angulus Goulds, Hanl. MS. in Mus. Cum. Small, white; ant. ventr. side swollen. 
63. Mara salmonea, n.s. (Scarcely differs from Angulus.) Small, subquadrate, 
Bh 7, no Bods salmon-tin Beach-20 fm. Cp. 


, Hinds, Voy. Sulph. "Song: transverse, with con- 
contre grooves Vea, 
55. Arcop mellata, Maz. Cat. no. 58. One fine in shell washings. 
56. subdiaphana, n.g.,n.8 Thin, swollen, shape of Kelka, ligament sur- 


rounding beaks: hinge with 5 bifid teeth (8-2) ; no laterals; large mantle- 


57. Cooperella scintilleformis, n.s. New subgenus of C@dalia, Cartilage semi- 
internal: only 1 tooth bifid. 


68. Ladricola alta, Conr. (Tellkina). For this group (= Capea, “ Bosc,” Add. non 
Lam.), acarcely y agreeing with either Macona r Scrobicularia, Blaginville’s 
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. Semele decisa .......... Dinici ~ jr | —|—]| pd 
60, ——rupium ........ wef —pe—l—d — J—t—t-l J 
61. ——rubrolineata ........ pipij—~! — J]—J—ivl - 
62. —— pulchra............ —{|—}]— | D — | — | — | D 
63. —— incongrua.......... —j;-|]-—-!] — —|{|—i-} Il 
64, Cumingia Californica ..... B}| —}|;— | — |}—j]—;—! 
65. Donax Californieus ...... Bi npnd,C! DL — | — | — | 4 
66. —— flexuosus .......... — Bi—i/i — — f—/;—! — 
67. navicula .......... —;—-{-! D —}|—!— D 
68. Heterodonax bimaculatus | D; —|— | L —j{,—i—: DP 
G9. Standella Californica .... B/ Bi — F |—|—Wr DP 
696, nasuta ......... Syltlied = JTS] F] wv 
70. —— planulata .......... Bi/—;—} — ;|—]—]—]| D 
71, —— falcata ............ —/—/P/| — |P{—|V! — 
72, Raéta undulata.......... —i—/L — —;—/—| D 
73. Clementia subdiaphana ../ —|—/—' — P; Vi-! - 
74, Amiantis callosa ........ B;/BIiCy L —{|—/— DOD 
75. Pachydesma crassatelloides|) BD| B | C FM —|— Vf dD 
76. Psephis tantilla.......... —|Bj/—}; O | P/]| Vv Vj ! 

synon ic name may be revived in restricted sense. Species=(sanguc. 

.Z. 8. 1855, p. 230. 

59. Semele decisa, Conr. auct. Large, rough, like Peruvian corrugata, but truncate: 


69, 


» Semele rupium, Sby. Smaller, rough, swollen; with smaller mantle-l-»- 


Galapagos. Not r. Cp. 


t h 
. Semele rubrolineata, (? Conr.). Flattened, same shape, with faint sculpture &+ 


way, and pink rays. ([Conrad’s lost shell may be young dectsa. 


. Semele pulchra, Sby. Transverse, crowded concentric sculpture, with redistix 


lines at sides. Southern fauna. 


. Semele incongrua, 0.8. Like pulchra, with concentric sculpture differing int 


and |. valves: fine radiating strie all over. 40-60fm. c. Cp. 


. Cumingia Californica, Conr. auct. Maz. Cat. no. 44. . 
. Donax Californicus, Cony. (non Desh.) =obesus, Gld. (non Desh.). Smooth, 


stumpy: outline and colour variable. | 
Donax “Heruosua, Gld. Like punctostriata jun. with stronger keel, and D! 
punctures. 


- Donax navicula, Sby. Maz. Cat. no. 77. From Southern fauna.  __—i. 
68, Heterodonax bimaculatus. Broad var., generally violet,= Psammobia Pacif 


Conr.= Tellina vicina, C. B, Ad. Cape St. Lucas, Acapulco, W. Indies 


Family Mactride. 
Standella Californica, Cony, (non Desh.). Large, shaped like Schés, Nuttall, b 
beaks narrow. Mantle-bend separate from ventral line. 


69b. Standella P var. nasa, Gid. (suppressed). Revived for young shells betwe? 


70. 
71. 


74, 
75. 
76. 


Californica and planulata, till more is known. 
Standella planulata,Conr. Nearly as large ; shape approaching Mactrella eroldl 
Standella falcata, Gid. Otis. Shape like planulata, but flatter. d 
Raéta undulata, Gid. Otia. Like the Atlantic 2. canaliculata, but reve™ 
Rare at 8. Pedro, Cp. 


Family Venerida. 


. PClementia subdiaphana,n.s. Hinge normal, very thin, ashy. 


Amiantis callosa, Conr. (not auct.). Subgenus of Callista: hinge-plste 
ened as in Mercenaria: mantle-bend as in Dosina. LL. w. com. Cp. th: 
Pachydesma crassatelloides, Conr. auct. Subgenus of Trigona, with fewer te . 

jun. = stultorum, Gray. . Tet 
Psephis tantilla, Gid. Ota, Subgenus of Venus: animal ovovivipa Ca 
elongate, approaching Pachydesma, Small, with purple spot. 12-20 {m.¢ © 
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Nutt.| Jew. [B. A. mite Ins Ken. | Lord.|Swan.| Cooper. | 
77. Psephis Lordi ..,....... —|/—/—); — |P|vi]vj] 2 
78, ——salmonea .......... —{—-{—} =— j—|—-|-]| DI 
79. tellimyalis ........ —|/—/;—) HH :;—!—}— — 
80. Venus Kennerleyi........ —{—|j—} — P|—!V — 
81. Chione succincta ........ BD}; D;C i — —{|—|j— D 
82. excavata .......... Di—;— —- ;-|-|- — 
83, ——simillima |1. 1.11... pj/pic| Lb j—|—{—-| D 
84. —— fluctifraga.......... Di D|C} OD —|j;—-—|— D 
85. Tapes tenerrima ..... .(/—-/|/ Bi] Fa F —|—|V D 
86. —— laciniata ....... f{—}/—|M] D ;-|-|-| D 
87. —— staminea .......... DC; F; Fi] FD |—|—|—]| FD 
87 } var. Petitii........ —}—|C | VPOM'P/|ViV FM 
87c¢ var, ruderata ......) —|—{|— i — —|—|V — 
88. Saxidomus aratus........ —|;—|;—j,| F —|—|— FD 
89 Nuttallii .......... DijD;C} — —|/—|—| FD 
90, —— squalidus .......... —|F/O]| VPOF|P/vivj — 
91. brevisiphonatus ....) — | — | — — —|Vi-— — 
92. Rupellaria lamellifera....; D | M | C | D —|—|— M 
93. Petricola carditoides ....|BD;MB| C || F Pi;—j|V M 
04. Chama exogyra........ ..{|BD:—|C | LH | —|—|— D 
95. —— pellucida .......... B | B/C | MD |—|—|—{| FMD 
77. Psephie Lordi, Baird, P. Z.S. 1863. Teeth normal: pure white. 20-40 fm. c. Cp. 
78. Psephis salmonea, n.s. Very small, rounded, teeth elongate: salmon-coloured. 
30-40 fm. r. Cp. 
79. Paephis dellimyalts n.s. Shape of Zellimya: central tooth minute; outeide 
teeth long. 
80. Venus Kennerleyi Rve. Large, transverse, flattened, ashy: strong conc. ribs. 
Young like astartea, Midd. (not fiuctuata, Gld.). 
81. Chione succincta, Val. = Cakforniensis, Brod. = Nuttall, Conr. Conc. ribs amooth. 
82. Chione exrcavata, Cpr. P.Z.S8. 1856, p. 216. Scarcely differs from cancellata. 
Possibly exotic. 
of Chione iutsfron ir rea Se Like st itch buryi len, irregul 
. Chione fluctifraga, Sby.+ , Sby. Like Stutc +: swollen, i ar. 
85. Tapes Tnertimne Cpr. P. Z. 8. 1856, p. 200, (jun.)== V. rigida, Gld. pars, f. 538. 
ery large, thin, flat; long pointed sinus. 
86. Tapes Iacintata ,n.8 Large, swollen, brittle, ashen; sculpture inated. 


. Tapes staminea, Conr. Strong, shape of decussata; sculpture close ; yellowish. 
ar. diversa, Sby.=mundulus, Rve. More swollen, clouded with chocolate. 
Var. Petitii, Desh. =rigida, Gld. pars. Dead white, sculpture strong or faint, 
open or close. 2 ft. deep in mud, between tides, Lord. Var. tumida, Sby. 
' Very swollen. Var. orbella, rounded, globose. Var. ruderata, Desh. Con- 
centric sculpture laminated. 
Saridomus aratus, Gid. Otia. Very large, oval, with regular concentric ridges. 
Sazidomus Nuttallii, Conr. auct. Transverse, subquadrate, irregularly grooved. 
. Saxidomus squalidus, Desh. Large, variable outline, broader, scarcely sculp- 


91. Saridomus brevisiphonatus, n.8. Smaller, Calista-shaped; close, faint concen- 
tric lines over distant waves; mantle-bend very small. 
Family Petricoldea. 
92. Ru 1a lamellifera, Conr.== Cordtert, Desh. With large concentric laminae. 
oO radiations, 

98. Petricola carditoides, Conr.-++ Calfornica, Conr.-+-cylindracea, Desh.-+-arcuata, 
Desh.+gsbba, Midd. Of various aspects, like Saricava, Normally shaped 
like Cypricardia, with fine sculpture like Naranio, 

Family Chamide. 
94. Chama ex , Conr. Reversed ; texture opaque; rudely frilled. 
85. cama pellucida, Sby. Dextral, texture porcellanous, rosy ; closely, frilled. S.A. 
° aT 
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. Chama spinosa .......... 
97. Cardium corbis.......... 


102. Serripes Groenlandicus.... 
108. Liocardium elatum ...... 
104. —— substriatum ........ 
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108. Miodon prolongatus...... 
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var. ventricosa .... 
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114, —— tenuisculpta........ 


96. Chama spinosa, Sby. Ridges broken into close short spines. Maz. Cat. no. 122 
’ ~~ —— Family Cardiade. 
97. Cardium corbis, Mart.= Mdtali+ Californianum,Conr. Large, earthen, rather 
nodulous; posterior margin strongly indented by 2 first ribs. Asia. 8-15im 
Lyall, Jun. in stomach of starfish, 12 fm. Lord. 
98. Cardium guadrogenartum, Conr.==luteolabrum (=zanthocheilem), Gid. Very 
large; 40 ribs, with aculeate spines. 
99. Cardium var. blandum, Gld. Otia. Delicate form of the Asiatic pseudofosnie, 
Rye. hae ormiense, Desh. ‘Transverse; close, flat ribs; margin regular. 
100. Cardium var. centifilosum. Probably=modestum, Ad. & Rve. ; but rounder, 
ribs sharper and more distant. Belongs to subg. Fulvia, Gray. 30-40 fm ¢ 
101. Hemicardium biangulatum, Sby. Southern fauna. 10-20 fm. living. Cp. 
102. Serripes Grenlandicus, Chem. auct. Boreal. Rounder than & Zaperouss. 
103. Lnocardium elatum, Sby. Maz. Cat. no. 124. Gulf fauna. Very large, Cp. 
104, Liocardium substriatum, Conr.==cruentatum, Gld. Almost identical with the 
Peruvian Elenense. 
Family Astartide. 
105, Astarte compacta, n.s. ‘Like compressa, but closer; dorsal margins straight, 
at right angles. 
106. Astarte Esquimalt, Baird, P.Z.S. 1863, p. 70. Subtrigonal; ribs irregular. 
107. PAstarte fluctuate, n.s, Very close to Omaki, jun. of Coralline Crag. 2 right’. 
30-40 im. Cp 


108. Miodon prolongatus, n. g., 0.8. Outside Lucinoid; hinge and scars nearer t0 
Venericardia. Congeneric with Astarte orbicularis, J. Sby. Min. Conch. pl. 444. 
f, 2, 3 (non ejusdem, pl. 520. f. 2). G. Oolite; and with the Crag Cardita corbu. 
109. Venericardia borealis, Conr. N. Atlantic, from Miocene. 120 fm. Cat. Is (. 
1098. Venericardia var. ventricosa, Qld. Small, swollen. 30-40 fm. Cp. . 
110, Lazaria subquadrata,n.s. Hinge of Lazaria: outside like Carditéa vartegata,)m- 
Family Lucinda. 
111. Lecina Neudtalii, Conr. Hani. Like muricata, with more delicate sculpture. 
112. Lecina Californica, Conr. Dosinoid, with waved lunule. Jun. ? = LZ. Artemis, 
P.Z.S. 1856, p. 201. 9 
118. Lucina bella, Conr. Shell not known; may be =pectinata, Maz. Cat. no. 142. 
114, Lucina tenwsculpta,n.s. Like Mazatlanica, Cat. no, 144, more conver, with 
finer on 4fm. living, Cp. The island var. is intermediate. 100 fu 


2 * 
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115. Lucina borealis .,...... 

; 116, Cryptodon flexuosus . 

117, —— serricatus ...... ee 
118. Diplodonta orbella ...... 
119. Kellia Laperousii ...... 

1193. —— var. Chironii .... 
120. —- rotundata sec aee 7 
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128, Pythina rugifera........ 
124. T opto me eniee caetee 
125. Tellimya tumida..... ; 
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129. Septifer bifurcatus ...... 
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131. —— modiolus.......... 
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115. Lucina borealis, Linn. auct.+-acutiineata, Conr. Widely diffused, from Coral- 
line Crag. Philippines, teste Cuming. 30-120 fm. Cp. 


116. Cryptodon fleruosus, Mont. auct. Atlantic, circumpolar. Cat. Is. 120 fm. Gp. 


117. serricatus, n.s, Small, circular, flat; epidermis silken. ? Cat. Is. 
120 fm. 
Family Diplodontida. 
118. Diplodonta orbella, Gld. Otia.=(Mysia) Spharella tumida, Conr. 
Family Kelkada. 


119. Kellia oust, Desh. Woodw. icall e, strong, transverse. 

119 3. Rallia te Chivons ronts. Thinner, ‘eas anevorane margins rounded. 

120. Kellia rotundata, n.s. Larger, flatter, and less pearly than suborbicularis. 
Margin circular. 

121. Kellia suborbicularts, Mont. auct. Maz. Cat. no. 153. N. Atlantic: W. Mexico. 
Exactly accords with British sp. 30-40 fm. Cp. 

122. Lasea rubra, Mont. auct. Maz. Cat. no. 154. N. Atlantic: W. Mexico. Exactly 
accords with British sp. 

123. Pyihing rugifera,n.s Large, thin, slightly indented ; teeth minute ; epidermis 
8 


aggy- 
124, meroéum,n.8. Small, shaped like Sunapta. 
125. Tel Teemya tumida, n. 8, Between bidentata and eubstriata: ossicle minute. 
126. Pristes oblongus, n.g.,n.8. Like Tellimya, with long marginal teeth, serrated 


near hinge, 
Family Mytihde. 
127. Mytilus ormanus, Conr. Qin. long: stained with sienna: obsoletely ribbed. 
128. Vibes edule Viens Linn. auct.= ==frossulus, Gid. Abundant on whole coast, ith the 
raat Atlantic vars, Between tide-marks, Lord: also brown var. on float- 
atic 
1286. ytilus ? var. glomeratus, Gld. Otia. Short, stumpy, solid, crowded. 
20. Septifer bifurcatus, Rve. "Outside like Mytilus b. Conr. from Sandw. Is. 
capaz, Conr. Maz. Cat. no. 170. From Southern fauna. 
ish Modiola modiolus, Linn. auct. Circumboreal. 8-15 fm. jun. Lyall. 
182, Modiola fornicata, n.s. Short, swollen, like large M. marmorata; but smooth, 
not crenated. 
138. Modiola recta, Conr. 6 in. long, thin, narrow, rhomboidal. Chaff-like haira 
over glossy ‘epidermis, 
272 
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147. Leda ceelata............ 
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133 b. Modiola var. flabellata, Gid. Northern form, somewhat broader. 

134. Adula falcata, Gid. Otia. Subgenus enlarged to include species intermediate 
between Modtola and Lithophagus: shape of latter, byssiferous like former, 
nestling in crypts. Sp. Gruner, Phil. MS. Shape not always falcate: 
chestnut, rugose. 

185. Adula stylina, n.s. Shorter, broader ; epidermis brown, glossy. 

186. Lithophagus plumula, Hanl. Maz. Cat. no. 175. From Southern fauna. 

137. Lithophagus attenuatus, Desh... Maz. Cat. no. 173, From Southern fauna. 

138. Modsolaria lavigata, Gray. Exactly accords with Atlantic specimens. Cir- 
cumboreal. 

189. Modiolaria marmorata, Fbs. & Haul. Exactly accords with Atlantic speci 
mens. Circumboreal. 

140. Crenella decussata, Mont. Exactly accords with Atlantic specimens, Circut- 
boreal. 10-40 fm. not r. Cp. 


Family Arcade, 


141. Arca multicostata, Sby. Maz. Cat. no. 181. 
142, Barbatia gradata, Sby. Maz. Cat. no. 194. | From Southern fauns, 
148, Axinea intermedia, Brod. = Barbarensis, Conr. fossil. Closely accords with 
the Peruvian specimens. 40-60 fm. Cp. 
144, Arinas ¢ septentrionalis Midd. var.) subobsoleta, Sculpture much fainter that 
in .’'8 fig. 
Family Nuculida., 

145. Nucula tenuis, Mont. auct. Agrees with var. lucida, Qld. Circumboreal. , 
146, Acila castrensis, Hds. Sulph.+Zyalii, Baird. Subg. of Nucula with diva 
cate sculpture; only known in Crag and N. Pacific. 40-60fm. Cp. 

147, Leda Galata, Hide. Sulph. Swollen, strongly sculptured: teeth very numerous 

m. Cp. ° .; 
148, Leda cuneata, Shy. D’Orb. teste Hanl. (Scarvely. differs from commudal Phil 
in Mus. (Cum.)=tnornata, A. Ad. Chili. fm. Cp. 
149, Leda minuta, O. Fabr. teste Hanl. Circumboreal. Agrees with Norweg#® 
specimens of “‘ caudata, Don.” teste M‘Andr. 
Leva fossa, Baird, P.Z.S. 1863, p.71. Between minuta and pernula. Sculp 
ture nearly obsolete. : 
151, Leda hamata,n.s. Like Steenstrupi and pernuloides, but very hooked, eculp- 
ture strong. 20-60 fm. c. Cp. 
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152. Yoldia lanceolata ...... 


Nutt Jew. | B.A. ‘Smiths. Ins.’ Ken. | Lord.'Swan. Cooper. 

—~{|—;|/—!} ~ ;p][—l-—] — 
153. —— amygdala ........ —i—;/—, — |P/—;-|] — 
154. Verticordia ornata ...... —|{|-—-;j;—-— : — —|— | — BI 
155. Bryophila setosa........! —!|—|— H —|}—|— PC 
156. Lima orientalis ........ —|—-—|{— — —j|—ji;—] MDI 
157. Limatula subauriculata ..; — | — | — — —!|—}— DI 
158. Pecten hastatus ........ —j;, B; P — P| V!iV M 
159. —— Prar. Hindsii ...... —;—/|P — P | Viv — 
160. var. equisulcatus ...— | B}—! D. |—:i1—{;—, BD 
161. —— paucicostatus ...... —| B/|— : — —|—|— I 
162, —— Pvar. latiauritus....,BD| D| C i} D —{i—|— D 
1626.—— monotimeris ...... BD; D| CC: DL —|—|— D 
168. Amusium caurinum ....| — ‘'Cjn.| O va P|—|V — 
164. Janira dentata.......... — | —;i—f — —{—j|{—| MD 
165. Tinnites giganteus...... c:ic|jci} PM |Pivivi D 
166. Ostrea lurida .......... — | —{—; VPO | P|VIV F 


152. Yoldta lanceolata, J. Sby. Hanl.=arctica, Brod. & Shy. (Not Adrana /., Lam. 
G.Sby.) With ant. diagonal lines. 
153, Yoldia amygdala, var. teste Hanl. Like lanceolata, without posterior wing, 
and anterior sculpture. 
Family ? Trigoniade. 
154. Verticordia ornata, D’Orb.=novemcostata, Ad. & Rve. Samarang. Exactly 
accords with Chinese types. S.A. 20-40 fm. Cp. 


Family Aricultde. 

155. Bryophila setosa, n. g.,n. 8, Ann. N. H. 1864, p.10. Like minute, broad Pinna. 

Animal ovoviviparous, Sta Barbara, 20 fm. Cp. 
; Family Pectinide. 

156. Lima orientalis, Ad. & Rve., Samarang, in Mus. Cum.= dehiscens, Conr. fossil, 
teste Cp. Very close to young of L. htans, var. tenera. Beach to 20 fm.c. Cp. 

157. Limatula subauriculata, Mont. Fbs, & Hanl. Circumboreal. Fossil in Crag. 
Tslands, 40-120 fm. not r.; 8. Diego, 1 valve, 4 fm. Cp. 

158. Pecten hastatus, Sby.=hericeus,Gld. Elongated ; a few principal ribs serrated ; 
ears unequal. In var. rubtdus, Hds. (non Mart.), the ribs are equal, not 
serrated. 

159. Pecten (P var.) Hinds. Broader; ribs close, small, smooth, bifurcating. 
Passes from hastatus towards Islandtcus. 

160. Pecten equisulcatus,?n.s, Thinner and flatter than venéricosus, with narrower 
ri 

161. Pecten paucicostatus, Pn.s. Somewhat resembling very young caurinus; but 
ribs fewer, stronger. 

162. Pecten latiauritus, Conr. (pars). Ribs sharply defined, with sharp concentric 
lamin. Possibly an extreme form of 

1626. Pecten monotimeris, Conr. = tuntca, Phil.+latiaurttus, Conr. pars. Passes into 
Amusium. Very slanting, thin, with faint ribs. 

168. Amustum cavrinum, Gid. E.E. Large, flat, thin, very inequivalve. Var.= 
Yessoensis, Jay. Japan. 

164. Janira dentata, Sby.=ercavata, Val. Ven. Like media. From the Gulf fauna. 


Beach-20 fm. Cp. 
Family Spondylide. 
165. Hinnttes giganteus, Gray, Analyst.= Poulsoni, Conr. Ve e, Spondyloid : 
ligament as in Pedum, strong y adherent along the ears: large, Spondy 
Family Ostreide. 


166. Ostrea lurida, n.s. Shape of edulis: texture dull, lurid, olivaceous, with purple 
stains, 2-3 fm. on mud flats, Lord. 
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166d. Ostrea var. laticaudata ..| — 

166c.—— ver. rufoides ...... | — 
166d. var. CXpansa ...-.. [— 
167. ——conchaphila .. {mal D 
168. Placunanomia macroschis-' — 
169. Anomia lampe.......... — 
170. Cavolina telemus ...... | 3 


171. Buila nebulosa cece res | 


176. Tornatella punctocelata. . 
177. Tornatina culcitella ... | — 
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1668. Ostrea var. laticaudata, Nutt. MS. le, winged , waved: denticles near 
hinge. Passes towards mula, Maz. Cat. no. eve 4, ’b, 
166c. Ostrea P var. rufoides=rufa, Gld. (non Lam.). Passing towards Verginsea, jun. 
Thin, with peace hollowed ; reddish in scar-region. Also fossil. 
166d.Ostrea P var. expansa. Flat, affixed to whole surface, like Colembtenss. 
Round,  ohaphtle, Gon th or right, or both, like Malleue. Aso passes into 
167. Ostrea conchaphia, Cpr. Maz. Cat. no. 214. "From Southern fauna. 


Family Anomiadea. 

168. Placunanomia macroschtsma, Desh. Kamtschatka. Vars. = alope+cepio, Grav. 
Shape most variable, according to station. Sculpture often obsolete. On 
rock, between tides, Lord. 

169, Anomia lampe, Gray, Maz. ‘Cat. no. 219. From Southern fauna. 


Class PTEROPODA. Family Hyaleide. 


170. Cavolina caw Linn. = Hyalea tridentata, Forak. non Lam. Pelagic. 30-60 
[Other Pteropods were brought by the Brit. N. P. Boundary Survey, but may 
have been collected on the voyage: v. p. 607. | 


Class GASTEROPODA. 
Subclass OpisTHOBRANCHIATA. Order TECTIBRANCHIATA. 


Family Bulliide. 
171. Bulla nebulosa, Gld. Otia. Large, globular, thin. Maz. Cat. no. 225-4-var. 


Bepininosa, 
172. Bulla Quoys, Gray. Small : angular at umbilicus. Maz. Cat. no. 226. Pacific. 
173. Haminea hydats, Linn. auct tly accords with European specimens. 
174, Haminea vesicula, Gid. Otia. Smaller, paler, and thinner. 

175, Haminea virescens, Sby. Gen. Var.=cymbiformis, Maz. Cat. no. 229. 


Family ? Phisnide. 
Two species not yet'dissected: one with internal shell like Phanerophthabnus. 


Family Tornatelliida. 
176. T elata,n.s. Small: grooved with rows of dots: pillar twisted 
as in rin Be Add. non Gray. 


Family Cylichnida. 
177. Tornatima ouleitella, Gid. Otis. Large, brownish, with faint etrive. Fold close 
to paries. 
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180. Oylichan Peylindvacea .. 
1806.— var. attonsa..... woe 
181. —— planata ...... eee. 
182. inculta......... tae 
183. Volvula cylindrica ...... 
184. Neaplysia Californica.... 
185, Navarchus inermis ...... 


189, —— albopunctata ...... 


191, —— Monteroyensis. . weenie 
192, Triopa Cataliney . ; 
ee Tritonia Palmeri . 


199. Melampus olivaceus .... 
200. Pedipes liratus.......... 


1776. Tornatina cereals, Gld. Otia. Small, white, smooth: but probably = worn 
178. Tornaine eximéa, Baird, P. Z. 8S. 1868, p. 67. Size moderate: fold appressed : 


lichna planata, ne, Like Like mamillata, with apex flattened-off, and fold distinct. 
hna inculta, 
olvula cylindrica, n. 8, Tt - of rice, pointed at one end. 
amily Aplysada. 
184. Neaplysia Calsfornica, C Pros Cal. Ac. 165 inches long. 
185. Navarchus nance Oo Proc. Cal al. Ac. Grasses, on shore, Cp. 


Family Pleurophylidiada. - 
186. Pleurophyliidea Caksfornica, Cp. Proc. Cal. Ac. Sandy flats, Cp. 


Order NuUDIBRANCHIATA. 
187-198. All the new Nudibranchs are described in the Proc. Cal. Ac. Vide anted, 
p. 600, Vide also Gid.’s Otia, and Esch. Zool. Atlas. 
Subclass PotMoNnaTa. 
For land and freshwater species, both of Pulmonates, Rostrifers, and Bivalves, 
vide posted, paragraphs 115-119. 


1808. gies var. attonsa, rounded off at apex. 


Family Auriculida. 
199, Melampus olivaceus, Cpr. Mas. Cat. no. 235. 
200, Pedepes isratus, Binn. Ac. N.8. Phil, 1861, p. 8838. 
Family Sphonariada. 
201. i seri Thersttes,n.s. Like lateraks: with strong lung-rib and obsolete 
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202. Dentalium v. Indianorum | —|/—| Pj — Pij—iv NI 
203. ——rectius............ —|{—-|—qom P|—|]— — 
204, —— semipolitum ...... —j-|i- am Uinendll Eemndll Eitemnet D 
205. —— hexagonum........ —j—|— — —!|!—-;i—': PD 
206. Cryptochiton Stelleri | —/C{oC; FMI | Piviv I 
207. Katherina tunicata...... | —{—|O} OF |} P!iviv I | 
208. Tonicia lineata.......... —t—j|C | PFM | P;|Vjiv — | 
208, ——— submarmorea,...... —j—j— O —|—{V — 
210, Mopalia muscosa........ M|F| Pj OFMI|—|vV{ Vv I | 
211, ——- Wosnessenskii ....) —|— | C | _ —{|V;— — 
212, ——— Kennerleyi .,...... —jr[ryom P}|—!Vi — 
2128. var, Swanil........ —j—|— — —{|—iV — 
218, ——Hindsii .......... —|—!—| F |PiJ—jJ—~] — 
214, ——— Simpsonii ........ —|j;—;C | = —j—|{— — 
215, —— vespertina ........ —|—|;Pj| -F Pj;—{vV — 
216, ——lignosa............ —|{—{PM; O P|—| V — 
917, ——acuta ............ Mi/—/—j| ~- /—j—J—?; — | 
218, ——sinuata .......... —|—|—}] =— P —|— | — 

—— ——_ aa |} ~~ ——_ —_- — | 

| 


Subclass ProsoBRANCHIATA, Order LATERIBRANCHIATA. 


Family Dentahade. 
202, Dentakum (? pretwaum, Nutt. Sby. var.) Indtanorum. Like entalis, with very 
fine posterior striz. 20 fm. c. Cp. 
203. Dentalium rectius,n.s. Long, thin, slightly curved: like eburneum, Singapore. 
204. Dentalum semtpolitum, Br. & Sby. P=Ayalsmnum, Phil. not Maz. Cat. no. 245. 
From Southern fauna. 
205. Dentalium hexagonum, Sby. From Southern fauna. 


Order ScUTIBRANCHIATA. Family Chitomde. 


206. Cryptochiton Steller, Midd. Very large: valveshidden. Reaches Sta Cruz,Cp. 
207. Katherina tunicata, Sby.= Douglasie, Gray. Mantle smooth, black: valves 
artly concealed. Between tide-marks, Lord. Reaches Farallone Is. Cp. 
208. Tontcia lineata, Wood. Closely resembling /ineolata, Peru. Painting variable. 
209. Tontcia submarmorea, Midd. Perhaps= lineata, var. without lines. 
210. Mopalia muscosa, Gld. E. E.= C. ornatus, Nutt. (=armatus, Jay) -+consimths, 
utt. Highly sculptured: mantle crowded with strong hairs. Between 
tide-marks, Lord. 
211. Mopalia Wosnessenskit, Midd. Mantle slit behind, with few hairs. Sculp- 
ture like muscosa. 
212. Mopalia Kennerleyt, n. 8. = Grayi, antea, p. 608, nom. preoc. Sculpture fainter: 
olive with red: ridge angular; post. valve waved. 
2125. Mopalia Kennerleyt, var. Swants: red, ridge arched ; less sculptured. 
213. Mopalia Hinds, Gray. Olive: distinctly shagreened : flat: post. valve waved. 
214. Mopalia Simpson, Gray, in B.M.Col. Like Htndsit, with valves beaked. 
215, Mopala vespertina, Gid. E. E. Shape of Hindsit, with very faint sculpture and 
slight wave. Olive clouded with brown. 
216, Mopalia lignosa, Gid. E. E.= Mercktt, Midd. = Montereyensis, Cpr. P. Z. S. 1855, 
. 231. Like vespertina, without wave: brown in streaks. 
217. Mopalia acuta, Cpr. P. Z.S. 1855, p. 282. Subgeneric, aberrant form; with 
small blunt plate, instead of post. sinus, between the two principal lobes. 
218. P Mopalia sinuata,n.s. Smal, raised sharp back, red and blue, engine-turned ; 
219, P opal apo ad a al ] bbed val 
. ia tmporcata, n. 8. e: central areag ri : ve slight] 
notched. Indications of sutural pores in these two specibey if confirmed wih 
require a new genus, 
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294, Lepidopleurus regularis . . 
225. ——— scabricostatus...... | — 


Betti liliellilele 


227. —-— Mertensii.......... 
228. Trachydermon retiporosus| — 
Interstinctus ...... — 
230. ——trifidus .......... — 
231. dentiens .......... — 


| 
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220. Acanthopleura scabra, Rve. = Californicus, Nutt. Insertion-plates resemble 
Katherina. Valves with coarse V-shaped ribs, and projecting beaks. 

221. Acanthopleura flura,n.s. Green, mottled with orange-red ; not beaked ; with 
only marginal and diagonal ribs. 

222. Ischnochiton Magdalensis, Hds. Large, strong-valved, typical. Sculpture much 
fainter than in southern shells. Mantle- in with striated scales like 
flattened bristles. Side plates 2- or 3-lobed. ach-20 fm. Cp. 

223. Ischnochiton veredentiens, n.s. Margin similar. Small, arched, sculptured 
like Mertensts, but with 2 rows of bosses, one of which dentates the sutures, - 
10-20 fm. Cp. 

224. Lepidopleurus reqularis, Cpr. P. Z. S. 1855, p. 282. Subgenus of Ischnochiton : 
mantle-scales Lophyroid, generally striated. Sp. arched, green, shagreened. 
Side lobes 2-4: eaves spongy not projecting. 

225. Lepidopleurus scabricostatus, n. 8. Small, arched, orange : rows of prominent 
granules over shagreened surface. Lobes blunt, slightly rugulose, close to 
eaves. 8-20 fm. Cp. 

226. Lepidopleurus pectinatus, n. 8. Olive: strong sculpture over shagreened surface: 
side areas ribbed: outer margin and inner sutures pectinated. Bch. Cp. 

227. Lepidopleurus Mertensti, Midd. Red: highly sculptured over smooth surface : 
side areas with rows of bosses. Mantle-scales smooth, rounded. 

228. Trachydermon retiporosus, n. 8. Subgenus of Ischnochiton: mantle-scales very 
em 1, lose, smooth. Sp. like scr obiculatus, central pattern in network, 3-6 
side ribs, 

229. Trachydermon tnterstinctus, Gid. E.E. Centre minutely punctured : 6-8 blunt 
side ribs. 

230. Trachydermon try n.s. Centre-punctures few, deep: 2-4 blunt nbs: side 

lates with 2 elite. , , 

231. [Zyvachydermon dentiens, Gld. E.E. No shell known answering to diagnosis and 
figure.] The 4 following species have incisors blunt, eaves not projecting. 

2316. Zrachydermon pseudodentiens==type specimen of dentiens. False appearance of 
teeth due to colour or ridges of growth. Closely granular: areas indistinct. 
Sinus broad, squared : eaves spongy. 

232. Trachydermon Gothicus, n.s. Blunt parallel riblets along very arched back. 
Sutural lobes united at sinus: eaves not spongy. 8-20 fm..Cp. 

233. Trachydermon Hartwegii, Cpr. P. Z. 8. 1855, p. 231. Large, arched. Inside 
callous, without rows of punctures to slits: eaves spongy. 

234. Trachydermon Nuttaliii, Cpr. P. Z. 8. 1855, p. 231. Large, plain, flat. Incisors 
slightly rugulose ; eaves spongy. 

235. Trachydermon flectens, n. 8. Mantle-margin scarcely Rranuler. Rosy, very 
small, scarcely sculptured: valves beaked and waved as in Bf. Simpsons: 
eaves and incisors normal. : 
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236. Leptochiton nexus ...... —|—)|]— — —j-—-|]— I 
237. Acanthochites avicula ..| — | — | — —_ —}|—_— {i — 1 
238. Nacella instabilis........ —j—j} P — —/ Viv — 
239. —— incessa............ —|{} B/D D —;— | — MD 
240. —— subspiralis ........ —j—|— | — —}/;—}— I 
241. —— depicta............ —{|—|D — —|—]— D 
242. —— paleacea .......... —;}Bj— | — —j}j—]— — 
242 6. ——- var. triangularis ..| — | — | — — —|j—|— M 
248. Acmsa patina .......... C}C;Cy VFM |} P| Viv FMB 
244. —— pelta ............ C|}C;]cCcit VFM | P| Vj Vj FMB 
24456, —— var. Asmi........ —/|B;— I —/|— i} — M 
245, —— persoma .......... O|C;C VF | P| Vj Vf FBDI 
246. —— scabra ..........-. Di} Ci C DIH | —|—~-}—j] MDI 
247, spectrum .......... D;C; Ci] FDH |—{|—]—j] MBD 
248. —— rosacea .......... —|B|— — —ij—j— MD 
249. Lottia gigantea ........ —j{|—|C i FMIL |—j]—] — MBDI 
250. Scurria mitra .......... M;}C{PCi| VPF P|; Viv MI 
250 b. Pvar. funiculata ..| — | — | — — —{j—;]— M 


Leptochiton nerus,n.s. Like asellus: scarcely sculptured : mantle-margin wit 

50.80 fa. Ce scales, like Magdalensis, interspersed with transparent need]<s 

237. Acanthochites ‘avicula, n.8. Like arragonites, but valves sculptured in larg: 
snake-akin pattern. 8-20 fm. xr. Cp. 


Family Patelida. 


238. Nacella instabiks, Gid. E.E. Laxge: shape of compressa. 

239. Nacella tncessa, Hada, Sulphur. Small eyloid 

240. PMacella « rai, 0. n.s. Shaped like Emarginula rosea, and may be a Seuded- 

na. 10- 

241. Nacella demcta, Hds. Sulphur. Small, long, flat, smooth: colour in rays. 

242. Nacella paleacea, Gid. Otia. Narrower, brown, striated at each end. 

2426. Nacella P var. triangularis. Shorter: apex raised: scarcely striated : whitish, 
with brown spots. 


Family Acmaeide. (For synonyms, v. Reports sn locss.) 

243. Acmea patina, Each. Large, blackish or tessellated: with very fine distant 
stris. Between tides, Lord. 

244. Acmaa pelta, Each. More conical; border narrow; smooth, with blunt ribs 
often obsolete. Between tides, Lord. 

2446. Acmea Pvar. Asmi, Midd. Stout, amall, black, conical. op. ey an ab- 
normal growth of of pelta , jun. (1 sp. beginning on pelia) Cp 

245. Acmea persona, Kech. Smaller: apex posterior: colour otched or freckled : 
sculpture in irregular ribs. Maz. Cat. no. 266. Var. wmbonata, arched, with 
narrow distant ribs. Var. hing wate apex near margin. Var. ct wpe 


246. domaa ae aoakra’ Nutt. B Rve. Tan Bateide with close rows of fine : orange- 
red tint, glossy. Var. imatula, sculpture stronger, border K: poe 
Maz. Cat no. 265. 

247, Acmea m, Nutt. Rve. Flattened, wi ‘heir ose 

248, Acmea a Cee, Midd. var. roe, Hh, ll erm specimens of 


250. Scurria mitra, Esch. Papi all round the mantle. White, conical: young 
sometimes re Enh sculptured. In dead clam, 12 fm. Lord. 
250 6. Scurria Pvar. funiculata, With rounded riblets, somewhat nodulous. 


___I 
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254. Glyphis aspera.......... 
2505. _P sear 

256. Lucapina crenulata...... 
257. Puncturella cucullata . 
258. —— Neate. sec ee cece eee 


1 
DI 
M 
D 

M 
1 
MI 


265. Phasianella compta..... , 
266. Pomaulax undosus ...... 
267. Pachypoma gibberosum. . 
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251. Lepeta caecoides, Pn.s. Like caca, but apex turned back. Farallone Is., 
teste R, D. Darbishire. 


Family Gadiniada, 
252. a ar nD Genus proposed by Cooper : tentacles flattened, pectinated. Cat. 


Family Fissureilida. 
258. Fissurella volcano, Rve. = ornata, Nutt. Approaches Peruviana : hole variable. 
254. G , Koch. = Lincolnt, Gray=cratitia, Qld. Large, coarsely sculp- 
tured, with colour-rays 
255. Glyphis densiclathrata, Rve. Smaller: with closer, finer sculpture. 
. , Sby. yank: Very large: internal. 
257, Punct sree oucullta, ld. E.E. Large, with strong, variable riba, 15-40. 
ole simp e 
258. Puncturella galeata, Gid. E.E. Scarcely differs from noachina, but tripartite 
process more strongly marked. 


259. Puncturella Coopers, n.s. Outside like galeata, but without props to the 
lamina, 30-120 fm. not r. Cp. mers 


Family Hakotde. 

260. Halotss Cracherods, Leach, auct. The trade species, smooth, dark olive: holes 
5-9. Var. Californiensis, "holes 9, 10, 11. 

261. “on rok aplendens, Rve. Flatter, grooved, lustrous. Holes 4-7. Below tide: 
on Cp. 

262. HM altotie Gray. Large, arched, very rough. Holes 3-5. Below 
tide: on Cp. 

263. Hakotis ru 28cens, Swains. Large, flatter, waved, rich orange-red. Holes 
8-5. Below tide: on rocks, Cp. 

264. Hakotis Kamtschatkana, Jonas. Small, thin, arched, waved. Holes 4, 6 
Below tide: on rocks, ’ Far. Ia. Cp. 


Family Trochide. 

265. Phasanella compte Gild. Otia. Maz. Cat. no. 284, Like pudlus, a little lo 
and “fatter t operc. bevelled and striated. ? Var. pulloides, e te Jonge 
Herm shells: ? var. elatior, dwarfed, eyes and flatter: var. vvacctulats with 

988, Pere pilose zo rows of dots ; pillar chinked.  8- mn. P ith 9 rid 
ery | um with 2 ri ges. 

267. gidberomumy ¢ om Panincorate, Mart. Large, rough: opere: 
swollen, simple. 
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a. i Imperator serratus .... 
269. tonyx sanguineus .... 
270, —- becula...... -.... 
. acuticostata ...... 
278. Ethalia supravallata .... 
273 b. var. invallata .... 
274, Livona picoides ........ 
275. Trochiscus Norrisii...... 
276. CONVEXUS.......... 
277. Chlorostoma funebrale .. 
277 b. ver. subapertum.... 
278, —— gallina............ 


S 
= 


— aureotinctum. a 
282. Omphalius fuscescens.... 
. Calliostoma canaliculatum 
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286. ——- variegatum ........ 


|= 


268, ? Imperator serratus, n.s. Small, finely sculptured, base stellate, nucleus Plan- 
orboid : operc. flat, with more whirls. 10-20 fm.=266 or 267 jun. teste (p. 
269, Leptonyz sanguineus, Linn. n.g. Like Colonia, not umbilicate. Opere. with 
horny and shelly layers, many whirls, outside flattish, not ribbed, marzin 
broad. Species red or purple, lirate. Beh.—20 fm. Cp. 
270. tonyx bacula, n. 8. Small, ashy, Helicina-shaped, nearly smooth. Beh. 
. Cp. Genus= Homalopoma, p. 537 : nom. preoe. 
271. Lhotia fenegtrata, n.s. Small. Strongly ribbed each way. Bch.—40 fm. d. G 
272. Liota acuticostata, n.8. Small. Sharply keeled, without radiating sculptur. 
10-20 fm. Cp. 
2738. Ethalia su oe ata, n.s. Minute: with keel and furrow near suture. 
2736. Ethalia ? var. invallata. Without keel. 
274. Livona picoides, Qld. Otia. Probably the remnant of an ancient colony of pice. 
2765. Trochiscus Norrist, Sby. Tank. Nucleus as in Solarium: perhaps a Probosci- 
difer, though pearly. ; 
276. Trochiscus convezus, n.s. Small, subturrited, whirls swollen: umbilicus with 
2 ribs, the outer crenated. 
277. Chlorostoma funebrale, A. Ad. P.Z. S. 1854, p. 316=marginatum, Nutt. non 
Rve. Blackish, often puckered near suture. 
277 6. Chlorostoma funebrale, var. subapertum, with umbilical pit. 
278. Chlorostoma gallina, Fbs. P. Z. S. 1850, p. 271. Olive, dashed with purple. 
Var. pyriformis, Gid. , umbilicus partly or wholly open. 
279. Chlorostoma brunneum, Phil. Auburn: finely striate: Gibbuloid aspect. The 
oung (teste Cp.) has a basal rib. 
280. ‘ stoma Pfeiffert, Phil. Like brunneum: outside Ziziphinoid: umbilicus 
eele 
281. Chlorostoma aureotinctum, Fbs. P. Z. 8. 1850, p. 271==nigerrtmum, Gmel. 2 Nua 
Cum. 3 Gibbuloid: with distant grooves and fine sculpture ; mouth orange- 
spotted. 
282. O nphalius JSuscescens, Phil. Almost identical with &gulatus, Maz. Cat. no. 298. 
283 Caltiostoma canaliculatum, Mart.=dokarium. Large, with strong grooves. 
284, Calliostoma costatum, Mart.=fillosum, Ke. Smaller, swollen, reddish ; finely 
_ ribbed. 8-15 fm. Lyall. 
Calliostoma annulatum, Mart.=cirgineum. Large, granular, stained with violet. 
‘allvostoma variegatum, n. 8, Small, more conical, nodules more distant, white 
mM rosy ground. 
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287. Calliostoma supragranosum| — 
288. —— gemmulatum ...... 
2809. —— splendens ........ 
290. Phorcus pulligo ........ - 
291. Gibbula parcipicta ...... 
292. —— optabilis .......... 
293. —— funiculata ........ 


yd] 


2 succincta.........- — 
295. —— lacunata .......... — 
206. Solariella peramabilis....| — 
297. Margarita cidaris ...... — 


pupilla............ 


301, ——lhirulata .......... 
802. ——PVahlii .......... 
, 303. tenuisculpta ...... 
304. helicina .......... 
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237. Calliostoma supragranosum,n.s. Swollen, with sharp ribs; posterior 1-4 
ular 


288. CElliostoma gemmulatum, n.s. Very swollen: painted like eximium: with 2 
principal and 2 smaller rows of granules. 

289. Calliostoma splendens,n.s. Orange-chestnut, with fleshy nacre; small, rather 
flattened, base glossy. 6-40 fm. Cp. 

290. Phorcus igo, Mart.+maculosus, A. Ad. =euryomphalus, Jonas+marcidus, 
Gld. Subgenus of Gibbulz, with expanded, rounded umbilicus, and flat 
whirls; sometimes obsoletely ribbed. 

291. Gibbula parcipicta, n.8. Like strong growth of Marg. lirulata, var. 

292. Grbbuls optabilis, n.8. Wider: decussated between ribs: 2 spiral lines inside 
umbilicus. 

293. Gibbula funiculata, n.s, Shaped like Montagut: with rounded spiral riblets. 

294. Gibbula succincta, n.8, Small, scarcely sculptured, with spiral brown pen- 

295. Gibbula 2 lacunata, n.s. Very small, nearly smooth ; umbilicus hemmed-in by 
swelling of columella. 

296, Solariella peramabilis, n.s. Subgenus of Margarita, with open crenated um- 
bilicus. Species most ornate, with delicate sculpture. mbilicus with 8 
internal spiral lines, crossed by lirules: operculum sculptured. Like Minolia 
aspecta, A. Ad. 40-120 fm. living, Cp. 

297. Margarita cidaris, A. Ad.n.s. Large, knobby, like thin Turciea, with simple 

illar and small umbilicus. 

208, Margarita a, Gd. E.E.=calostoma, A. Ad. Strong, with sharp riba, de- 

cussated between, and fleshy nacre. 8-15 fm. . 

208 b, Margarita P var. salmonea. Between pupilla and undulata: salmon-tinted, 
sculpture fine, not decussated : sutures not waved. 6-40 fm. Cp. 

299. Margarita acuticostata, n.s. Small, painting clouded: 3 sharp nbs on spire. 
8-20 fm. Cp. 

300, Margarita inflata, n. 8, Thin, whirls very swollen; sculpture very fine; spiral 
hollow inside keeled umbilicus. 

$01. Margarita lirulata, n.s. Small: operc. smooth: 2 sharp principal ribleta on 
spire: outline variable. Var. subelevata, raised, livid: var. obsoleta, sculp- 

’ ture evanescent : P var. comea, very tall, with intercalary ribs, like G. parci- 


802, Margarita Vahlii, Méll. Raised, smooth: opere. with spiral rib. 
303. Margarita tenusisculpta, Pn. s. Like obsaleta, but operc. ribbed. 
304. Margarita heltcina, Mont, Like the Finmark she Cirgumboreal. 
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805. Crucibulum spinosum....; M | Bj C : DIL |—|—|—' DI 

806. Crepidula aculeata......| B | — | — — —!—|— - 

307. —— dorsata ...... ....| C}| BY P —. |Py;Vvyi Vv. W 
308, —— excavata, var.......| — | — | — — —{—j;— I 

309. —— adunca......... .e-| —}| B JOC P P{|Vivi wi 
810. —— rugosa ........000- B;B | C C —|—|—i Dl 

311. —— navicelloides ...... M/;—/C OI —;|VvViv. 1 

8116 var, nummaria....| — | — | P — j}—!]—/]V; - 
83lle var. explanata .... Ci—|M — —|V {Vy —- 
812. Galerus fastigiatus ......| — | — | P — P;V;Vi —- 
$18. —— contortus.......... —{—|— — — |/—j]—| MD 
314. Hipponyx cranioides ....} — | — | — — —{—-|Vi = 
315. —— antiquatus ........ — {PB} — — j—jJ—fj—} Mw 
316. —— serratus .......... —|—-|— — — ;—|— I 
ot? Senn _fumens eee wees 3 B C D — }|—}|— a 
318. orbis squamigerus. . —|—|— 

319. Bivonia compacta -- [ema —j—|;— — —;—|V} - 
820. Petaloconchus macrophra-| D | — | — — —j—l|-: - 
$21. Spiroglyphus lituella ....| B | — | — C —}—|— | _ 


Order PECTINIBRANCHIATA. Suborder RostriFEera. 
Family Calyptradde. 

805. Crucibulum spinosum, Sby. Maz. Cat. no. 844. From Southern fauna. 

306. Crepidula gouleata ,Gmel. Maz. Cat.no. 334. From Southern fauna Row! 
the wor 

807. Crepidula ?dorsata, Brod., var. lingulata, Gld. E.E.=var. bilodata, Max. Cet 
no. 386=C. bilobata, Rve. Ap identical with the S. American shells 

8308. Cremdula excavata, Brod. Maz. Cat. no. 837. S. American. 

309. Crepidula adunca, Shy. Tank.=solida, Hda.=rostriformis, Gid. EE. Dark | 
liver, rough epidermis, solid deck with produced sides. [Not nenta, Mies 
rostrata, . B. Ad., Rve.==adunca, Maz. Bat. no. 388. ] een tides, Lord: 

. Cp. 

Crepidula rugosa, Nutt. P. Z.S. 1856, P. 224. Probably northern var. of om: 

Sby. Maz. Cat. 340, with epidermis less shaggy. es 

Crepidula navicelloides, Nutt. Shape of squama, with nucleus of saguformt 

faz. Cat. no. 842). Rounded var. in hollow bivalves==nesmmaria, Gid 

ar, drawn out in layers like Lessonti==fimbriata, Rve. Var. elongated 2 

crypts, scooped by crab or bivalve= , Gld.=eruviata, Nutt =p 


rane . 
812. Galerus fastigiatus, Gld. EE. Like mamillaris, nucleus large, immersed 


813. wir. contortus, 0. 8. Whirls twisted: nucleus minute, prominent. 20-10 


Family Capulidea. 
814. Hipponyz cranioides, n. 8. Large, rough, flat, intermediate between planatus and 
815. Hipponyz antiquatus, Linn. Maz. Cat. no. 347. From Southern fauna 
316. Hipponyz serratus, Cpr. Maz. Cat. no. 346. From Southern fauna 
317. Hipponyz tumens, n.8. Growth like Helcion: sculpture more open ths 
arbatus. 


Family Vermetida. 
318. lorbis squamigerus, Cpr. P. Z. S. 1856, p. 296 (not Aletes). Large, 4: 
erm. anellum, Morch, P. Z. S. 1861, p. 359, is perhaps the young. | 
319. Bivonia compacta, n.s, Entirely open within: but colour and growth like 


820. Petaloconchus macrophragma, Opr. z. Cat, no. 859, From Southern {su* 
321. Spiroglyphus ktuella, Morch, P. Z. 8. 1861, p. 154. 
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322. Cescum crebricinctum.... —|— — —j|}—j|—| MDI 
323. ——~ Cooperi .......... — | -— — —{—{t—] DI 
324. Turritella Cooperi ...... —|— — —|{—;—; DI 
325. —— Jewettii ....... bes B fs.) — Pfos. | — | — | — — 
326. Mesalia lacteola ........ —|— — P;Vi— — 
826 6, ——— var. subplanata —|— — P|—{|V — 
827, ——tenuisculpta ...... —{/—]} — |—|—|-—| D 
328. Cerithidea sacrata ...... C | C CF |—{—j|;—| FD 
329. Bittium filosum ........ —j|P P P|V{V — 
3296, —— Prar. esuriens .... B | — — —!i—{V{ MD 
330. —— attenuatum........ —|— M —|—|— — 
331. ——— quadrifilatum ...... —}— D —|—|— D 
332. —— asperum ....... eee B fs.| — — —|{—/—| DI 
3338. —— armillatum..... vee i — — —|—|— D 
334. —— fastigiatum ........ — — —|—|— — 
335. Litorina sev eeeee Cc; Ci FDI |;—|—|—| MDI 
336, —— Si seeeseess —;0 PO P|VivV — 
Family Cecide. 
322, Caecum crebricinctum, n.8. Large, with aspect of Elephantulum, but very fine 
close annular sculpture; plug subungulate, $90 fe Cp. 


328, Caecum Cooperi,n.s, Small, with 30-40 sharp narrow rings. 
Family Turrttelida. 
324. Turrstella Cooperi,n.s. Extremely slender, with many narrow whirls. ¢. Cp. 
325. Turritella Jewettit, n. 8, Like sanguinea, with very faint sculpture. 
326. Mesalia lacteola, ?n.s. May be a local var. of the circumpolar lactea, with 
altered sculpture: distinct, teste Cuming. 
326 6. Mesalia Pvar. subplanata. Sculpture fainter: whirls flattened. 
327. Mesaka tenuisculpta, n.s8. Very small, slender, whirls rounded, lip waved. 


Shoal-water, Cp. 
Family Cerithiada. : 
328, Cerithidea sacrata, Gld. E.E.= Cakforniea, Nutt.+pullata, Gid. Variable in 
shape and sculpture: passes into Mazatlanica, Maz. Cat. no. 396. 
329. *Bitttum filosum, Gld. E.E.=Eschrichitt, Midd. Strong, broad, ved. 
3208. Bitteum P var. esurtens. Like starved jilosum, very narrow, adult scarcely 
sculptured. 
330. Bittcum attenuatum, n.s. Like plicatum, A. Ad., or drawn-out esurtens, with 
threads instead of grooves. , 
331. *Bittium quadrifilatum, n.s. Broad: 4 threads, equal from beginning, coiling 
over strong radiating ribs. 
332. *Bittium asperum,n.s. Same aspect : _Upper whirls with 2 strong and 2 faint: 
keels over less prominent ribs. Bch, fm. Cp. 
333. © Bittium armillatum, n.s. Same aspect: 3 nearly equal rows of knobs. 
334. Bittium fastigiatum, n.s. Small, slender: apex normal: sutures indented, 


anterior rib strong. 
Family Zstorinida. 
335. Litorina planazis, Nutt. Phil.=patula, Gld. E.E. Outside plain; columella 
398. Loaaee 


. Ldtorina Sitchana, Phil.=suleata, Gld.==rudis, Coop. Rounded, flat, with spiral 
ribs. Var. modesta, Phil. (pars) has sculpture faint: subtenebroea, Midd., is 
perhaps a degraded var. between tides, Zord; 8-10 fm. Lyall [?]}. _ 


* These species have ao peculiar a nucleus that they can scarcely rank near Ceri- 
‘kium or Rissoa: perhaps they are related to diaba, The nucleus of esuriens and 
wenuatum has not been seen. 


—_ 
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337. Lstorina scutulata, Gd. E.E.+Jlefida, Gid. Var , Gld. Small, sold, 
pointed, flattened, smoothish. Rocks between ti es, Lord. 

338. P Assiminea subrotundata, n.s. Like a very thin Litorina: ashen, plam. 

339. P Paludinella, sp. May be an aberrant Assiminea. 

340. Lacuna rincta, ont. auct. Circumboreal. 

341. Lacuna porrecta, n.8. Upper whirls flattened, effuse anteriorly ; chink lary 

3416. Lacuna fvar. effusa. Larger, taller, more swollen. 

341 ¢, Lacuna Pvar. erequata, same shape but flattened. 

342, Lacuna solidula, Lov.==carinata, Gld., not A. Ad.= Modelia striate, Gabb 
Solid, variable, chink small ; sometimes keeled or angular. 

842 6. Lacuna Pvar. compacta. Very small, narrow, orange; scarcely chinked. 

343, Lacuna varvegata,n.s. Very tall, effuse, irre irregular wit h wide Shink : cloadet 
or with zigzag stripes: like decorata, A.A 

$44, Lacuna novifeeebata pr. P.Z.S. 1856, p. 205. Small, glossy, ge ener with 
@ coloured keel, sometimes broken into dots. Var. a se antiouae kee 1 obsolete, 
resembling the ‘chinked Phasianelle, 8-10 fm. 

345. Isays fenestrata, n.s. Like orotdea, with sharp distant riba % 

846. Teapis chine, n.s, Whirls flattened behind: ribs swollen, aneven. 10° 


Famil 
347. Rissoina interfossa, n. 8, With 5s ae a oeley crossing 14 strong ribs. 8-10 fs. 
348. Rissoa compacta, n.s, Sculptured like Beanti, with short broad whirls 
$49. Rissoa acutelirata, n.s. Alvanoid: 15 sharp, distant, spiral riblets, trevellinz 
over 18 sha distant ribs, obsolete in front. 
850. Alvania reti Open network: radiating threads travelling ove 1 
stronger distant spiral threads. 
351. Alvania filosa, n.s. Turrited: pillar purple-stained: 18 close spiral sini: 
sng over very faint waved riblets. 
352, Fenella pupoidea, n.s. Variegated, truncatelloid shape. 20 fm. rare, (?. "ral 
853, Barleeta subtenuis, n. 8.== Hydrobia Pulee, Maz. Cat. no. 417; but with» 
Barleeoid operculum. On grass, Cp. 
353 b. Barleeia Pvar. rimata, Whirls more swollen: base chinked. ‘ 
854. Barlecia haliotiphila, n. s. Longer, narrower, much smaller. On H. aplendens 
355. Amphithalamus inclusus, n. g Habit of minute Nematura; lsbrom bet 
contracted, but labium in adult travels forward to meet it, leaving # chal 
behind. Nucleus cancellated : base bluntly ribbed. 
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4, 0.8, Same nucleus; base chinked, not keeled. 


Family Zruncatelide. 
‘fr. Pneum. Viv. Suppl. vol. ii. p. 7, 
Family J jade. 
az. Cat. no. 
. Possibly a Barleesa : ; Pillar thickened, base rounded. 
7 close to C. tumens, Cat. no. 421, but wmbilicus 


861. Diala marmorea, wu. -. sod g. ge es pla per with red: base saintly angled. 
862. Diala acuta, n.s. Base flatten GRUplY angled : tur tarited. Beh.-10 fm. Cp. 
$63. Styliferina turriéa, n. 8, Minuto, a er, base rounde 


Family Ovulide. 
364. Radius variabilis, C. B. Ad. Mas, Cat. no. 435. Probably exotic. 
Family Cypreide. 
365. Luponia spadicea, Gray. Like onyz, but light-coloured. 


366. Trivia Californica, Gray. Small: ribs sharp, distant. 
$67. Trivia Solandri, Gray. Maz. Cat. no. 441. From Southern fauna. Sta. Barb, 


and St. Nich. Ta. common, 


$68. Erato vitellina, Hds. Sulph.: ‘ange wide-mouthed : paries callous, 
369. Erato , Mke.s= Gld. Ma. Cat. p. 587, Perhaps a var. of 


Maugere, from the tropics. 20-40 fm. c. Cp, 
Suborder Toxrrera. Family Terebride, 
870. Myurella simplex,n.s. Sculpture very faint and variable: shape of albocineta, 
c. Cp. 


$71. Drillia inermis, Hde. Sulph. ly whirls close sculptured. Beach-16 fm. 
$72. Drilie'ncrea, 0.2 Like tnermis : spiral sculpture ed, not raised. 


878. Drilia mesa, n.s. Like a sre eae idle whirls with long transverse 
ribs and posterior knobs; adult obsolete, 
$74. Drilka toroea, n. 8. Whirls rounder, olivaceous ; with one row of strong bosses 
throughout: no posterior knobs. 
$74 b. Drilta ai var, awrantia, Orange, with sutural riblet and faint spiral sculpture, 
1 s 
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875. Drillia penicillata, n.8. Like inermis, with delicate brownish neil 

876. Drillia® cancellata, ?n.s. Like the young of tncisa, but nodosely ted 

877. Mangelia levidensis, n.s. Stumpy, purplish brown, with rough sculpture. 

878, Mangelia tabulata, n. 8. Stout, strongly shouldered, coarsely cancellated. Pills 
abnormally twisted. 

879, Mangelia interfossa,n.s. Like attenuata, delicately cancellated. 

880, Mangela crebricostata, n.s. Like septangularis, with closely set ribs. 


, diamond-shaped, but rounded peripher: 
irally thre . ; 
387, P Daphnalat effusa, nom. prov. Thin, extremely drawn-out, sculpture fant 
Family Contde. 
888, Conus Cakfornicus, Hds. Sulph.=ravus, Gld. Chestnut, plain. 


Suborder Proposcrprrena. Family Pyramidelide. 
889. Obeliscus Prariegatus, n.s. From Gulf fauna. Periphery with spiral gro 
Colour-pattern clouded. 
390. Odostomia nuciformis, n.s. Very , solid, Tornatelloid. 
390 5, Odostomia Pvar. avellana. Shape of conotdaks. oe 
891. Odostomia satura, n. 8. , with swollen whirls like Bithessia sinmbs 
891. Odostomia Pvar. Goulds. Taller, base gently rounded. — 
892. Odostomia gravida, Gld. Otia. Like conotdalis, but nucleus minute. ; 
898. Odostomia inflata, n.s. Like large dolaliformie: with most minute sin! 
striulation. Farallone Is. On Hal. rufescens, teste Darbishire. 
* A peculiar group of species, resembling Chonella (marine, teste Stipes) 
+ Generic position of all these doubtful: perhaps they belong to geners not J* 
eliminated : ‘Hloea resembling the Eocene forms between Conus and Frcarctom. 
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394. Odostomia straminea, n.s. Like tall var. of inflata, with straw-coloured epi- 


dermis, not striulate. 
395. Odostomia tenuisculpta,n.s. Like sublirulata, Maz. Cat. no. 487, with obsolete 
sculpture throughout. 
398. Chrysallida cincta, n.s. Passing towards Mumtola. Radiating sculpture very 
t. 
397. Chrysallida pumila, n.s. Like ovulum, Maz. Cat. no. 512, but slender; spiral 
lines delicate. 


8398. Dunkeria laminata, n.s. Subgenus of Chemntizia, with rounded whirls: typical 
species. Aspect of Fenella, finely cancellated. 

399. Chemnitzia tridentata, n.s. Large, chestnut: 19-24 ribs, evanescent at peri- 
phery : waved interspaces with 8-10 spiral grooves: labrum with 8 teeth, 

idden as in Obeltecus: base round. 

400. Chemnitzia chocolata, n.s. Same size and colour: not toothed: base prolonged : 
crowded ribs minutely striulate between. 

4006. Chemnitzia Pvar. auraniia. Intermediate between the above: orange, base 

round ; 26 ribs, striulate between. Ot 

401. Chemnitzia tenuicula, Gld. Otia. Shape of tridentata dwarfed: whirls flatter, 
base prolonged, epiral grooving strong. ' 

401 b. Chemnstzia Pvar. ypidata. Ribs more distant, muricated at sutures. 

402, Chemnitza crebrifilata, n.s. Slender, whitish: with 8 spiral threads passing 
over 24 ribs, evanescent round base. 

403. Chemnitzia torquata, Gld. Otia= Vancouverensis, Gid. Ribs truncated before 

riphery, leaving plain band above sutures. 

40388. Chemnitzia Pvar. stylina. Like torquata, tapering, leas swollen in front, with 
more ribs, band less marked. 

404, Chemniizia virgo, n.s. Very slender, with short, smooth base: 18 ribs, evanes- 
cent at periphery, and 8 spiral grooves. 


Family Fudimidea. 
4065. Eulima micans, Pn.s. Perhaps asmall var. of the European polita, 30-40 fm. 
ving. Cp. 
408. Bulima compacta, Pn.s. Small, with blunt spire and elongated base. 
407. Eulima rutila, ?n.s. Leiostracoid, rosy, base lengthened. Like producta, 
Maz. Cat. no. 551. 
408. Eulima thersites, n.8. Very broad, short, twisted. 


202 
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409. Scalaria Indianorum .... 


— —/;—Ily —_— 
400b.—— Pvar. tincta........ L —|— _ | D 
410, ——PCumingii ........ — |—j;—]—| bD 
4106,—— Peracilis .......... D —|—-Ii—-; = 
11. ——— subcoronata — —|—}— M 
— |—j/—|]— | MD 
— —jij—;— NM 
— —;|;—!lV — 
— —|—|— M 
— —|—|— I 
— —|—i|V MD 
— —/;—-|V M 
— |—~j—ly _ 
— —|—|— MD 
424, —— assimila — —|—j|j— I 
425. Triforis Padversa ........ — —|—/ V I 
426. Cancellaria modesta .... — —}|—|V | —_— 


Family Scalariade. 
409, Scalaria Indianorum, ?n.s. Between Turtonis and communis: like “ Geor- 
gettina, Kien. Mus. Cum. no. 84, Brazil.” 
409, Scalaria var. tincta. Purple-brown behind: like regularis, without spiral 


sculpture. 

410. Scalaria ? Cumingts, Cpr. P. Z.S. 1858, p. 165, 

4108. Scalaria Pgracilis, Sby. in Mus. Cum. 

411, Scalaria subcoronata,n.s. Like young commumis, with more and sharper ribs, 
faintly coronated when adolescent. . 

412. Scalaria crebricostata, n.8.= Mus. Cum. no, 32: 15 sharp reflexed ribs, coro- 

419, Soalaria bellasiriata, 8. Shape lik spinous 

18. ria triata, 0. 8. ape like pretiosa, jun.: ribs very close, spi 

at shoulder, crossed by spiral ribleta. preoesy } v , 

414. Opalta oreaiss, Gid. E. Very close to australis: obsolete forms like Ocho- 

nsis, . 

415. Opaha (Pcrenatordes, var.) insculpta. Like the C.S. L. form and crenata, but 
ribs closer, without spiral sculpture, sutural holes behind the basal rib. 

416. Opalta spongiosa, n.s. Like small, very slender granulata: surface riddled 
with deep punctures in spiral rows. 

Al7. Opalia retsporosa, n.8. Sculpture in network, with deep holes. 40 fin. d. r. Cp. 


,n.8. Shape of Ressoina ; with sutural ; no basal nb. 


Family Certthtopside. 

419, Cerithiopsis tuberculata, Mont. Ps. & Hanl. Agrees with the British rather 
than with the Mazatlan form, Cat. no. 557. 

420. Cerithtopsts columna,n.s, Very tall: nodules close, like strung figs. 

421. Cerithiopsts munita, n.s. Stout: strongly sculptured : base evenly ribbed. 

422, Certthiopets purpurez, 0.8, Stained with purple: nodules fine: base finely 
irate. 

423. Cerithtopsis fortior, n.s. Sculpture open: strong basal rib. 

424, Cerithiopsts assimilata, C, B. Ad. Maz. Cat. no. 663, With spiral keels, From 
Southern fauna. 

425. Triforts Padversa, Mont. Fbe. & Hanl. Agrees with British specimens, 10- 


fm. v.r. Cp. 
7 Family Cancellariade. 
426, Canceilaria modesta,n.s. Like Trichotropis borealis, with two slanting plaits 
and spiral ribs travelling up the paries. See also p. 615, nos. 468, 817. 


8 
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428. inermis ....... ee | —|—|j— — |}—{—|] V — 
429. Velutina levigata Pees ™ — — —- P — V _— 
480, —— prolongata ........ —j|-—!|-l— —;—|V — 
431. Natica clausa .......... —j{—!P — Pi—|V — 
482, Lunatia Lewisii ........ —|CiPi.-P. | Pl—iv D 
438, —— pallida............ —|—|Pi — |Piviv] — 
434, Neverita Recluziana ....' — | — | — D. j—|—y— D 
436, Priene nensis...... it}—/;|PH} VP |P/IVivi mv 
436. Ranella Californica...... —{|—|— L —|—|]— BD 
407. Mitra maurs seeees cee 3 _— I —{j—j— DI 
p Margin ewettil oceoel = — — — — — M 
4839, —— subtrigona ........ —|Bij— — —|—}— —_ 
440, —— ATIS ... cc cees —!B)]— _— —{|—{]—j]| MDI 
44). Volutella pyriformis ....) — | — | — F —|j—|— D 
442. Volvarina varia ........ —;!B/|— — —|—j— DI 
448, Olivella biplicata........ c;/c;c D —!—j|]Vi MDI 
444, —— betica............ _ B}OC} M Pi_—jvi/ bp 


427. Trichotropis cancellata, Hds. Sulph. Sculpture strong, open. Epidermis bristly. 
428. Trichotropis inermis, fds, Sulph, Sculpture faint: not bristly y 
Family Velutinide. 

429. Velutina levigata, Linn. Fbs.& Hanl. Exactly accords with British speci- 
mens. ?= Kamtschatkana, Desh. 


430. Velutina prolongata, n.s. Spire very small. Labrum produced in front. 
Family Natwcide, 

431. Natica clausa, Brod. & Sby. Umbilicus closed. Operc. shelly. Circumboreal. 

432. Lunatia Lewis, Gid. E. E. = herculaa, Midd. .Whirls flattened behind. Abun- 


dant on beach, Cp. 
488. Lunatia pallida, Br. & Sby. = caurina+soluta, Qld. Globular, compact, whitish. 


434, Neverita Recluziana, Petit, Rve. Large, solid, raised, with brown grooved 
lump on pillar. Also Guaymas. 
Family Tritonde. 
485. Priene Or is, Redf. Like cancellata, but coarser sculpture. 6 fm. Lyal. 
438. Ranella Californica, Hds. Sulph. Scarcely differs from fine specimens of FR. 
ventricosa, in Mus. Cum. 
Family Fasctolaride. 
487. Mittra maura, Swains. Nutt. = orientalis, Gray =‘ Chslensis, Gray,’ Kien. Very 
dark and plain. Peru. Sand between rocks, L.w. Cum. Peru. 
Family Margineliide. 
438. Marginella Jewettsi, Cpr. P. Z. S. 1856, p. 207. Like the Mogador species 
somewhat shorter and broader. 10-20 fm. Op. pt , 
439, Marginella eubtrigona, n.s8, Shape of Erato columbella. 
440. Marginella regularis, n.s. Between Jewettii and minor, C. B. Ad. Maz. Cat. 
_ no. 587, Beach-20 fm. Cp. 
441. Voludella pyriformis, n.s. Genus of Swainson (not D’Orb.) = Closia, Gray. 
Like V. ituda, Maz. Cat. no. 589, but produced in front. 
442. Voloarina varia, Sby.. C.8. Lucas, W. Indies. 
Family Olivide. 
448. Olivella biplicata, Sby. Tank. = glandinaria, Nutt. Nut-shaped. 
444, Olivella batica, n. 8. T Narrow, ull, thin : has been erroneously called anasora, 
tergina, petsolita, and rufifasciata, 
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456, P Truncaria corrugata....) — | — | O || VPFMI| P | —/| V DI 
467. Columbella carinata ....;— | B | C — |—~|—|—I| MDI 
vite Pvar. Hindsii...... Cc B b —_ F P Vv Y MD 
. Purpura crispata..... vee VPO j F 
0. ——canaliculata ...... —{|—{—| VF j|;—|Viv — 
—— saxicola .......... —|C;iCy} VPF | P| Vi Vv FI 
4606. —— var. fuscata ....../ — | —| P — —|—j;|V — 
460c. —— var. emarginata B|B;C D —|—|— D 
460d, —— var. ostrina ..... (|—-| F/C} Poc | P| Viv FD 
Family Buccinide. 


445, Nassa fossata, Gld. E. E. = elegans, Rve. non Desh. Large, broad, flattened spire. 
448, Nassa perpinguis, Hde. Sulph. Same: type, smaller, rounder, narrower. 
447, Nassa tnaculpta, peo Zeus with varix and non-reflexed callus. Spirally 
v . 
448, Nassa mendica, Gid. E. i 3, Coop.= Poodoard Fbs. vey variable : 
some forms a roach tr trivittata. 


450. Nassa tegula, Rve. . Cat. no. 0 O24. From Southern fauna. 

451. Amycla gausapata, Gid. E.E. (Genus rearranged for Columbellids with Nas- 
ooed ne 4 , probably including Aka and Astyris.) Strong, solid, varie- 
gated, smoot 

ABO, Amycla P Calfforniana, Gask. P. Z. S. 1851, p. 12. Whirls more swollen. 

453, Amycla tuberosa, n.s8. Very close to minor, Scacchi, but with different nu- 
cleus. 8-10fm.c. Cp. 

454. P Amycla chrysalloidea, n.s. Shape of Truncaria eurytotdes, but mouth not 

"> effuse: spirally furrowed. Shoal-water, Cp. 
455. PAmycla undata,n.s, Like stumpy, small corrugata, with waved _—_ 


not r. Cp. 


456, ? Truncaria corrugata, Rve. Conch. Ic. (“ Bucctnem :” Pricnees Seow 
bo an Amycia.) Large, with waved ribs and spiral strie 


457. “ Columbella” carinata, Hda. Sulph. Small, turrited, smooth, with stout pos- 
terior keel. (Perhaps Amycla.) Beach, Cp. 
4576. Columbella Pvar. Hindsti, Rve. Koel shorter, till it ceases, as in gausapata. 


Family Purpuride. 
458. Purpura crispata, Chem.=plicata, Mart. =Jactuca, Esch. = septentrionalis, Rve. 
+&c. Large, strong, canal distinct, smooth or ‘foliated. 
459. Purpura a canaliculata, Ducl. = decemeostata, Midd. -+-attenuata, Rve.-+-analoga, 
. With elegant spiral grooves, Chrysodomoid. 
460, Purpura saxicola, Val.= = lapilus, Coop. Like the Atlantic species, rough, pillar 
scooped, with brown 8 spiral lin 
4605. Purpura var. fuscata, Raised thin form, dull, with faint sculpture. 
460c, Purpura var. emarginata, Desh. Short, swollen, with scaly sculpture. 
480d. Purpura var. ostrina, Gid. E. E. Short, swollen, nearly amooth. 
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Nutt. Jew. | B. A. ||Smiths Ins.| Ken. 


461, Monoceros engonatum ..| B 
461 6.— Pvar. spiratum ....| — 
462. —— lapilloides ........ B 
463. Ocinebra lurida and vars. 

464, —— interfossa.......;.. 
465, P-—— Poulsoni ........ 
466. Cerostoma foliatum . 
467, —— Nuttallii .......... 
468. —— monoceros ........ 
469. Chorus Belcheri ........ 


| 
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479. Chrysod tabulatus .. 
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461. Monoceros engonatum, Conr.=unicarinatum, Sby. Brown-dotted, with sharp 
rior keel, smoothish. Beach, Cp. 

461b. Monoceros Pvar. spiratum (Blainv.). Light colour ; scaly; horn not developed. 

462. Monoceros layillosdes, Conr.= punctatum, Gray +breridens, Cour. Not should- 
ered: shape of us. 

488. Ocinebra lurida, Midd. (Genus reconstituted for Muricoid Purpurids with 
irregular varices.) Like canaliculata, brown, with swelling riba. Beach on 

at. Is. living. Cp. 

463. Ocinebra var. cypera, Baird. Sculpture rough. 

463¢.Ocinebra var. munda. Tall, with faint sculpture. 

464. Ocinebra interfossa, nD. 8. le-brown, with latticed seulpture. 

465. ? Ocinebra Poulson, Nutt. Shape like Mf. monoceros, with brown spiral lines. 

466. Cerostoma foliatum, Gmel.=monedon, Esch. Large, with winged varices. 

467. Cerostoma Nuttalli:, Conr. Smaller, pear-shaped: interstices scarcely sculptured. 

468, Cerostoma monoceros, Sby. Spire raised : whirls rough, rounded. 

469. Chorus Belchers, Hds. Sulph. Very large, with irregular varices like Trophon. 

w. com. Cp. 
470. Nitidelle Gol Cpr. P. Z. 8. 1856, p. 208. Slender: like thin A. gausapata, 
Purpuroid o 
471. Pedicularia Califor nica, Newc. Small, purple, highly sculptured. 


Family Muricida. 
472. Pteronotus festivus, Hds. Sulph. Form i lar; frills reflexed. 


473. Muricidea Cakfornica, Hds. Sulph. Varices faintly developed. L.w.-20fm. Op. 
474. Trophon multscostatus, Esch. = Damners, Loy. Rve. ills spiny behind: not 


sculptured spirally: Circum . 

475, Trophon Orpheus, Gid. E. E. Like the last, with distant spiral riblete. 

478. Trophon triangulatus, n. 8. Typhoid shape : frills triangular, white. 60 fm. Cp. 

477. Siphonalia Uettii, Fbs. P.Z.S8. 1850, p. 274. Very large, turrited, with 
swollen whirls. Also Japan. 1 living 6} in. long. 

478. &; a fuscotincta, n.s. Like the same in extreme miniature. 

479. eodomus tabulatus, Baird, P. Z. 3. 1863, p. 66. Large, with posterior keel, 
and delicate sculpture. 120 fm. dead, Cat. Is. @. 

us liratus, Mart. = decemcostatus, Midd. (f Say) = Middendorzis, Coop. 

Swollen, with distant keels. Whidby’s Is. 
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481. Chrysodomus dirus...... 
482, —— rectirostris ........ 


. Octopus punctatus ...... 
490, Ommastrephes giganteus . 
491. —— Ayresii oceseeanos 
492, Onychoteuthis fusiformis . 


SPIEL I ELL es 
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481. Chr yeodomus dirus, Rye. = tncisus, Gld. = Sitchensis, Midd. Dark liver, with 
ves. | 
482, Chry mus rectirostris, D.8. Small, white, smooth, with ight canal. 
488. Fusus ambustus, Gld. Otia. Close to clavata, Brocchi, from iterranean. 
Farallone Is. teste Darbishire; 16fm.c. Cp. a 
484. Macron Kelletes, rs Ad. P. Z. 8. 1858, p.185. Large, with blunt keels Dead, 
at. Is. Cp. _— 
485. Macron lividus, A, Ad. Small, smooth. ; 
486. Anachis subturrita, n.s. Aspect of small Risscina, 20 faint ribs: no epirel 


sculpture. 
487. P_Anachis penicillata, n.s. Small, with Metuloid sculpture. Beach~10 fm. (p. 


Class CEPHALOPODA., Family Argonautda. 
488, Argonauta Argo, Linn. auct. Like the Mediterranean form. Hundreds on Sts 
Cruz Is, Cp. 


Family Octopide. 
489. Octopus punctatus, Gabb, Proc. Cal. Ac. 1862, p. 170. 5S. Clemente Is. Cp. 
Family Lokigide. 
400. Ommastrephes giganteus, D’'Orb. Peru. Common at S. Clemente Is. Cp. 
491. Ommastrephes Ayresit, Gabb,Proc.Cal.Ac. Hundreds on S. Clemente Is. 


492. choteuthis fusiformis, Gabb, Proc. Cal. Ac. 1862, p.171 “Cape Hom, 
us. Ac.” EY hemette Is, Cp. rP _ 


113. It remains to tabulate the shells which have been received from 
special localities, south of the State of California, either by the writer or by 
the Smithsonian Institution; vide Br. Assoc. Rep., par. 77. 

The promontory of Lower California has been so little explored, that the 
existence of a large inland fiord, in lat. 28°, was not known to the autho- 
rities. It appears that the whales have long delighted in its quiet water: 
and those whalers who were in the secret carefully preserved the exclusivé 
knowledge of so profitable a hunting-ground. All that we know at presett 
of the molluscs of that region is from collections made at Cerros Island, by 
Dr. Ayres and Dr. Veitsch. They are mostly shore shel!s, and are sadly 
intermixed with an abundance of cowries, cones, strombs, and other clearly 
Pacific species, which throw great doubt upon those which may be try 
from the coast. As it is manifestly a ‘hotbed of spurious species,” nothing 
can safely be built upon the data, which present a singular intermixture 
northern and southern forms. Excluding the Central Pacific importation 
the lists stand as follows, the temperate species being distinguished (as in the 
first Report) by a *, the fropical by a t:— - 
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*Sanguinolaria Nuttalli. 
* Macoma secta. 
Angulus Gouldii. 

“+Heterodonax bimaculatus, 

*Donax Californicus. 

+ Donax punctatostriatus. 

*Standella ?Californica. 

*Pachydeama crassatelloides. 
*tAmiantis callosa, 

*Chione simillima. 


*Mytilus edulis. (One young specimen 
perhe from San Francie.) 
*Septifer bi 
+Pecten subnodosus, ventricosus. 
*Pecten monotimeris and vars. 
*Hinnites giganteus. 
*+Ostrea conchaphila. 
*tAnomia Plampe. 
aH ni sequilirata, 
efampus olivaceus. 
tel X alTosa. 

*+Bulla nebulosa. 

*+Iechnochiton Magdalensie. 
*Acmsa persona, var. textilis. 
*Acmuea scabra, var. limatula. 
*Acmma Pspectrum, j jun. 

*Lottia gigantea. 
*Lucapine crenulata. 
*Fiasurella volcano. 
*Haliotis splendens. 
*Haliotis Cracherodii. 
*Pomaulax undosus. 
Callopoma tessellatum = Fokkesii 


*Trochiscus Norrisii. 
*Omphalius Pfuscescens. 
*Omphalius aureotinctus. 
tCrucibulum imbricatum. 

*tCrucibulum spinosum. 
tCrepidula arenata and var, 
+Cerithium uncinatum. 
*Cerithidea pullata. 
+Cerithidea ontagnei. 
*Litorina planaxis. ~ 

Luponia sp. ind., jun. 
tTrivia Solandri. 

*Trivia Californica. 
Drillia penicillata. 
Myurella, sp. 

*+Neverita "Recluziana. 
tNatica Maroccana. 
*Scalaria (Ind. var.) tinct. 
+Bezoardica abbreviata. 
+Leucozonia ci ta. 
tStrigatella tristis. 
*Olivella biplicata. 

ura ostrin vars. 

{Purdure biseri 
Monoceros lugubre. 

t+ Vitularia salebrosa. 
Cerostoma monoceros. 
Ocinebra Poulsoni. 
Chorus Belcheri. 

+Columbella fuscata. 

*Columbella carinata. 

tStrombina gibberula. 
+Anachis coronata. 

*tNassa tegula. 
+Nassa complanata. 
Macron Kellettii. 
*Macron lividus. 


The shells of Margarita Bay, on the Pacific coast ef Lower California, in 
lat. 24°, have become known through W. Harper Pease, Esq., of Honolulu, 
Sandwich Islands. Through his labours we are likely soon to be favoured 
with accurate accounts of the distribution of species in the various parts of 
the Pacific Ocean. Already his researches have greatly enriched our know- 
ledge of the quaint fauna of the Sandwich Islands, from which he has elimi- 
nated the spurious species, and added those erroneously ascribed to California 
by previous naturalists. The principal trade from these islands is with San 
Francisco; and “the coast,” in Mr. Pease’s writings, signifies the coast of 
California or (generally) of Western America. Many of our best specimens 
of rare West-coast shells have been received from‘ him, and in remarkably 
fresh preservation. The Margarita Bay species were obtained by one of his 
trained collectors, and are as follows :— 


Martesia intercalata. Donax punctatostriatas. 
Sanicava pholadis Dosinis ponderosa, 
ecurtus violascens. ista chionsea. 
Hiatula compacts. | Callista vulnerata ( Festricolor, 7 Pee.). 
*Tellina secta, _Chione succincta __— 
Strigille carnaria (pink). _ Chione gnidia, | 


Semele Californica. Tapes grata. 
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*Tapes stamines. Crepidula o 

Chama frondosa. Grepidula excavate. 

Cardium procerum, Galerus conicus. 

Liocardium, elatum. Cerithium stercus muscarum. 

Modiola capax. Pyrazus incisus and var. 

Modiola Brasiliensis. Rhinoclavis gemmata. 

Lithophagus attenuatus, Cerithidea Mazatlanica. 

Barbatia gradata. Litorina fasciata. 

Pecten ventricosus. Litorina aspera, var 

Ostrea Virginica (Maz. Cat.). Conus “ reticulatus ” ( Pease). 
*Ostrea luri fda, par Conus “ emarginatus ”’ (Pease). 

Ostrea eonchaphila, Conus interru 

Ostrea amara. Neverita Recluziana. 

Siphonaria ss er (=leviuscula, Polinices bifasciata, 

Sby., teste Cuming). Cancellaria urceolata. 

Si honaria gigas. Cancellaria goniostoma. 

*Helix areolata, ate, Fbe, (The only land- | ‘ Cyprecassis testiculus’’ [perhaps 
shell received from t Soe ) tenuts |. 

Dentalium tetragonum, Sby Malea 

Dentalium semipolitum. Priene nodosa. 

Dentalium lacteum, Phil, Oliva subangulate, 

Acmsea strigatella. Oliva porphyria. . 

Acmesa atrata. - Purpura patula. 

Gadinia A el Purpura iserialis, N 

Calliostoma versicolor. ° ura ostrina, ormal, li 
*Chlorostoma Vitularia salebrosa. L ving: 
*Chlorostoma aureotinctum. Monoceros lugubre, var. 

Nerita scabricosta. Cerostoma monoceros. 

Nerita Bernhardi. Nassa te 

Crucibulum spinosum. Siphonaha anomala. 

Crucibulum imbricatum. Phyllonotus nigritus, 


In the above list, the only strictly Californian species are those marked | 


with a ®. 


The following species have been received from La Paz, besides those tabu- 
lated in Major Rich’s hist, p. 541, in the C. 58. L. list, p. 619, and the B. A. 
Rep. p. 352. It is elear that the fauna of the district is essentially tropical, 
and remarkably free from Californian species. 


Dentalium semipolitum. 


Turritella punctata 
Mora ores t. Tro bri te W. Co b bably add 
Offvella odcidotally fro eu ror tes oper; but ed 
i entall [tes collections. It hae not bean received Ww 


from any other W acon our) 
Stphonalta modtficata. 

A very interesting series nat shells were collected at Guaymas and Pinacati 
Bay, by Capt. Stone and Mr. Sloat. The latter gentleman affixed MS. names 
to those which he regarded as new. They were in remarkably beautiful 
condition, the bivalves having an unusually porcellanous aspect, and many 
of the species presenting local peculiarities. 


Mulinia carinuata, Desh.,= Mactra modesta, Sloat MS. 


Dosinia ponderosa. Very large. 

Chione fuctifrage, Sby.,= V. Cortezt, Sloat MS, [= gibbosula (Desh.), Rve.,= 
callosa, Sby., non Conr. }. 

Chione succtncta, Val.,= Californiensis, Brod.,= V. crassa, Sloat MS. [Very 


variable in sculpture 2; also, with the last, varies greatly in shape, some of the 


specimens being mu produced, others rounded. 
Chsone gnidia, Brod. , Passing into amathusia. J, 


ow..- . 


ON MOLLUSCA OF THE WEST COAST OF NORTH AMERICA. 667 


Chione aby var.= V. Pinacatensis, Sloat MS. Sculpture pressed 
smooth in one mid 

Cardium elatum. Fine. 

Cardium procerum. Fine. 

Modiola capax. “Choros.” Also Sta. Ifiez Bay. 

Modiola Brasthensis. (Typical.) 

Byssoarca Pacifica. 

Ostrea conchaphila et amara, Maz. Cat. 215. 

Chiton (Lophyrus) Stokes. Also San Salvador, Capt. Dow. 

Callopoma fluctuatum 


Bivona contorta. 

Turritella gonvostoma. 

Turritella tigrina (light var.),== leucostoma, Val. 

Cerithidea albonodosa. Common. [Probably a var. of Maszatlanica. | 


Strombus Also Mulege Bay. 
Neverita ‘Ober os strong, horny. | 
Ranella igure rc. sub-Buccinoid rnd nucleus internal, near middle 


of labrum ; rae 4 few ridges, as in 
Oliva angulata. Not rare. 
Oliva Cumingis, ning, very callous var. 
Agaronia testacea, 


To these may be added, from a second voyage by Capt. Stone to the 
northern part of the Gulf of California, and in equally good condition— 


Arca grandis. iobampo Bay. 

Calista semila . Agiobampo Bay. 

Lazaria pectunculus (teste Cuming). t. Luis Bay. 

Cardium consors. St. Luis Bay. 

Avwula Perumnana. Mulege Ba 

Lucina tigerrina. Very fine. San Marcos Island. 

Margaritiphora - §To 

Janira dentata { = ercavata, Val.]. '« Caballito del mar,” St. Luis Bay. 
Bulla nebulosa. “ Huevitos.” 


Glyphis inequalis, St. Luis Ba 
Cruel wmbricatum. St. Luis Bay. 


@a eranthema. (Large.) Cape de Haro. 
aparela vartegata. Mulege Bay. 
Solarwm aco et var. quadriceps. Agiobampo Bay. 
Poltnices les Bay. 
Cyprecesd ti tenuis [= Marsenae , Kien.) Carmen Island. 


Malea ringens. Lobos d. 
Argonauta hians. 1 fine sp. Upper part of Gulf of California. 


To the Guaymas fauna must be added, from Dr. Gould’s portion of the 
same collection, “ Pecten pyxidatus” (?=subcrenatus, jun.). Also from the 
collection of the Calif. Ac. Nat. 8c., Nassa nodocincta, A. Ad. (Galapagos, 
ety On comparing these lists with the shells given in B. A. Rep. 

2 (in which the Venus quoted is not “ staminea, Conr.,” but a southern 
D cay it will be seen that the fauna of the upper part of the Gulf, as far 
north as it has been ex;!ored, is essentially tropical. The. Chione fluctifraga 
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and C. succincta, however, and the Polinices Recluztana indicate a connexion | 


with California which may have been, at a previous age, more direct than at 
present. 

114. (See first Report, pars. 79-83.) Acapulco being notorious for the 
exotic species quoted in its fauna, it is desirable to examine all authentic 
collections from that prolific locality. The Smithsonian series were ob- 
tained by Dr. Newberry * (N.), after his Pacific R. R. Explorations (ri/< 
p. 593); by Mr. Belcher (B.); and by the Rev. J. Rowell (2.), who obtained 
them principally from the valves of the large oysters. The private coller- 
tions of Judge Cooper, Col. Jewett (J.), and other American naturalists have 
also afforded valuable information. The species from these various sources, 
which were also found by Mr. Xantus, are tabulated with his Cape St. Lucas 
series, anted, pp. 619-626. The following have not been obtained from the 


northern localities : _— 


Corbuls nuciformis, J. 
Corbula ovulata, and smooth var., B., J. 


Machera var., WN. (Surely i im- 
ported. 

Sanguinolari miniate, J., N., B. 

Tellina rincepe, B 3 punicea, N., B.; 

Str ¥ gear ule nd rinoon var 

Semele proxima, J.; pulchra, J., N.; 
venusta, J. 


Donax carinatus, J., N.; rostratus, J. ; 
transversus, V. 
Trigona Hindsii, J. 
Mactrellacarinats, Lam. ==alata Spengl., 
_ [Perhaps imported. ] 
Anne, 


Callista circinata, Je semilamellosa, N. 
B.; spinosissima, B, 

Chione amathusia, J. 

Rupellaria foliacea, 2. 

Petricola ventricosa, R. 

Chama corrugata, 2, 

Cardium Paculeatum, jun., N. anne 


Lick rppectinata, vars J "More tik 
ucina ore like 
Diplodonta semi w.L; 5 recaps amaican. | 
onta semiaspera, 
Fe tellinoides, var., J. [More like 
subglobosa, W. I. ; haps amaican. ] 
Corbicula Feonvexs, 1 worn valve, N. 
Sca bifrons, VV. ; labiata, 2B 
Noetia reversa, J, 
brevifrons, N. 
Axinza parcipicta [=multicostata], 
J, N.; ctenoides, J.; inequalis, J. 
Lima 


Ontree mogoonP £8. 1845,p. 106], NV. 
Anomis lampe, 


* The collections of Dr. New 


passed princi 
map, late of Washington, who kindly presented a 
e went into the Confederate Stator, where it was not possible to 


secession-movement, 
obtain further information from him. 


Tornatina infrequens, B. 
Dentalium Phexagonum, var., B. 
Fissurella nigropunctata, J.; ?macr- 

trema, J.; alba, jun., B. qa worn sp.) 
Calliostoma Jima, var. sequiacul pta, N.; 
Senestee os 

ectus 

Galerus ouamiger, J ave, x 
Crepidula nivea, 2.; incurva, XN. 
Turritella Banksii, N.; lencostoms. B. 


Anan Columbiensia, 2. { West 
exico; locality uncertain. | 
Truncatella Bairdians, 3B. 

Radius avena, J. 

Cypreea exanthema, N. 

Luponis. fimbriolata, » WW. [Pro- 
bably im and pen ps an im- 
perfectly a developed form of semipo- 


Terebra : taberoulloee, N. 
Drillia incrassata, B.; eburnea, n. 8, 
R. [W. Mexico; locality uncertain. | 


subdi 
Conus interruptus, Br. i Sby., ei ; ma- 
ogani, V.; puncticulatus, N. 
Fulima hastate, 
Eulima, &ke yod, R. 
Eulimella, sp. (worn), B 
Chemnitzia tenuilirata, B. 

Fasciolaria, p [size of tvispa, but with 
row of knobs and serra lip], av. 
ong ony 

olvarina ore 
cylindrical than the i I, specimens, 


broader in proportion near suture 
and at base, spire much shorter; bet 
locality uncertain. 

Oliva Julietta, B. 1 worn gp. [proba- 
bly imported]; Pkaleontina, dead, 1’. 


ny into the hands of Dr. E. Fore- 
the Mus. Smiths. After the 


| 
| 
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nia testacea, N. Nassa collarie, 


, Mont., teste 
Rhizocheilus us madreporarum. 2 living Hal., N. 


Probable imported. from 


on co WwW 
Coftmbela a sctaata J. humerosa,n.s., | Anachis coronata, N.; Californica, J. 
&.; varians, var., N. {Plmported from | Muricidea alveata, J. 
Sandw. Is. ] Phyllonotus brassica, N. 


The following species are part of a collection received at the Smithsonian 
Inst. from Real Llejos, and fill up gaps which existed in the Central Ameri- 
can fauna at the time of the first Report :— 


Discina Cumingii. 
Trigona Hindsu. 
Hemicardium obovale. 
Crassatella gibbosa. 
Kellia suborbicularis. 
Barbatia mutabilis, 


Axinza Pmulticostata. 
Fissurella . 
Phasianella orata. 
Omphalius viridulus. 
Hipponyx barbatus. 


Ceecum liratocinctum. 
Ceecum leeve. 

Cerithium interruptum, var. 
Barleeia subtenuis, 
Aricia punctulata, 
Terebra strigata. 
Cerithiopeis assimilata. 
Triforis alternata. 
Olivella gracilis. 
PNitidella millepunctata. 
Northia pristis. 

Pisania sanguinolenta. 


The collections received at the Smithsonian Inst. from Panama consist, in the 
main, of species already tabulated from that region. The following, however, 
are new to that well-searched portion of the fauna :— 


Tellina striata (teste Cuming), Rowell, Pease. 
Telina (Angulus) amplectans, N. 8., Rowell, Pease. 


stylina. alifornian species: either ballast or error in num- 
Pecten oe Small spotted jun. bering : al 
torina es, 1. 8., teste Cuming, but appears identi 
with the W. Indian: pro ‘er rebebly imported: Rowel P 


Fluminicola, cola Sp. ., Rowell. 

Drillia albolaqueata, n.8., Rowell. 
Natica catenata, Rowell. 

Cuma costata, Rowell. 


115. The Pulmonates of the Pacific slope have not formed a special study 
with the writer of this Report, as they were already in the abler hands of 
Messrs. Binney, Bland, and other eminent Transatlantic naturalists. The 
opinions of Mr. Binney as to synonymy, &., with descriptions of new 
species and details of those previously known, were given in papers pub- 
lished in the ‘ Proc. Ac. Nat. Sc. Phil.’ as follows: —“ Descriptions of American 
Land Shells,’”’ Feb. 1857; ‘“‘ Notes on American Land Shells,” Oct. 1857, 
May 1858, Nov. 1858, July 1859: and also in the ‘ Proc. Bost. N. H. 8.,’ 
‘¢ Description of two supposed new species of American Land Shells,” Apr. 
1857. These are embodied in ‘ The Terrestrial Air-Breathing Molluscs of the 
United States and the adjacent Territories of North America,’ vol. iv., by 
W. G. Binney, Boston, 1859. It was first printed in the ‘ Boston J ournal 
of Natural History,’ vol. vii., and is intended as a Supplement to the great 
treatise by his father, vols, i.-iii., on the same subject. It is impossible to 
speak in too high terms of commendation of the manner in which this work 
has been prepared and executed, and of the beautiful figures drawn by Otto 
Kéhler. The more matured views of the author were embodied in the 
‘ Check-List of the Terrestrial Gasteropoda of North America,’ published b 
the Smithsonian Inst., June 1860, of which a second edition was soon issu 
The species were divided into three series y—(1) those of the Pacific coast, 
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from the extreme north to Mazatlan; (2) those of eastern N. A., from the 
boreal regions to the Rio Grande ; (3) those found in Mexico, to which sixteer 
from the first series are added. The freshwater Pulmonates are catalogued 
by the same most industrious author, in the ‘ Check-List of the Fluviaul 

Gasteropoda of N. America,’ which contains the Melaniada, Paludinide. 
Ampullariade, Valvatide, and Limneide ; the West Coast species being dis- 
tinguished by the letter W, and the Mexican by M. Mr. Binney next under- 
took a monograph of the Paludinide, &c., the proofs of which were widely 
distributed in 1862. Afterwards, assisted by the extensive series of spec- 
mens received from the Smithsonian Museum, and with access to those of 
the principal public and private collections in the U.8., and with the benefit 
of Say’s types preserved in the Acad. Nat. Sc. Phil., he prepared a preliminary 
synopsis of the Limneide, with full synonymy, proofs of which were issned by 
the Smithsonian Inst., May 4th, 1863. Last of all, under date Dec. 9, 1863, 
the Smithsonian Inst. has distributed proof copies of a complete ‘ Synopsis 
of the Species of Air-Breathing Molluscs of N. A., as eliminated from ther 
synonyms by Mr. Binney’*. Of all these works the author not only sent the 
earliest slip-proofs to assist in the preparation of this Report, but in several 
instances took the pains to write separately what related to the W. coast, 
and even sent the manifold-duplicate of part of the printer’s copy. It is not 
considered neceesary to tabulate each of these publications separately, as 
they can easily be obtained by post, on application to Professor Henry, 
Washington, D.C. The following list embodies—(1) the classification and 
nomenclature of Dec. 9th, 1863; (2) the synonymy as given in previous 
synopses ; and (3) the localities and authorities supplied by Mr. Binney in 
MS. The following reservation requires attention :—‘“ As a mere proof, 
which will undoubtedly receive many corrections, this list should not be 
quoted as authority, or referred-to as a published work.” - 


Mr. Binney’s Arrangement of the West Coast Pulmonates. 
t The species thus marked have not been seen by Mr. Binney. 


PHANEROPNEUMONA. 
EctoputHatma, (None kmown in the region.) 
OPISTHOPHTHALMA. Fam. Truncatelide. 


1. Truncatella Cakifornica, Pfr.,4- 7. gracilenta, Gld. 8S. Diego, Cooper. [Com 
Maz. Cat. we. 4981 — ” {Comp 


PULMONATA. 
Groputta. § 1. Vermivora. Fam. Oleactnide. 


+2. Glandina (Glandina) turris, Pfr. (= Achatina= Oleacina, Pir.) W. Mexico. 
Maz. Cat. no. 231. ; 
8. Glandina (Glandina) Albersi, Pfr. (= Achatina, Pfr.).,+ G. Alberst, var. tarrita, 
Cpr. W. Mexico. Maz. Cat. no. 230. 


* The first Transatlantic attempt to revise the genera of N. A. Helictda waa made by 
Mr. Bland, in his “ Remarks on Classifications of N. A. Helices by European authors, 
and especially H. and-A. Adams and Albers,” printed in the ‘ Annals of the Lyceum of 
Nat. Hist. N. York,’ Oct. 1868. In an addendum, he gives a list of the Pacific species, 
with an account of two “genera” not represented in the eastern division. Mr. Bimney, 
continuing Mr. Bland’s labours, issues the species for the most part in the trinomul 
nomenclature, which now sppears to be taking the place of the Linnean binomial system. 
No attempt is here made to review the work, as the writer felt justified in doing with 
reference to marine shells; the only alterations made consisting of corrections in some of 
‘he citations with which he happened to be more familiar. 
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§ 2. Phyllevora. Fam. Holicida. 
Subfam. Vitrinine. 
t4. Vurina Pfefferi, Newce. Carson Valley, Cal., Newcomb. 
5. Binneya notabsiis, Cp. Catalina Island, Cal., ‘Cooper. 


6. Macrocychs Ne ane Bin. S. | Diego, common, New 
. Macrocyclis Vancouverenss 4 , » Lea, Touch, PE, Gld., Rve.,= 
_ ff, vellicata, Fbs., Rve., en ea i. we noi, Binn, Vancouver To CALI- 


FORNIA :—Columbia R., Nedtoll, U.S. E.E.; Puget Sound, U.S. £. £. ; 
Vancouver, B, N. P. B.S; ; Oregon City, Newberry ; California, Trowbridge ; ; 


St. Jose h's R.., 2nd Camp, 
7b. Macr 48 [Pvar.  Unpaua, Or Gld. Puaet Sp. ro 8. Disao :—Puget Sd., 
, Orogon 8. Diag S. Diego, Ives, Newberry ; 8. Francisco, 


U.S. £. E.; Fort 
Mus. Cal. Ac.; Contra “ Animal so. solitary.” 


Subfam. Helicine. 
8. Helix (Patula) strigosa, Gid. IntERIoR Basin; N. Mextco To Brit. AM.: 
—Int. of Oregon, U. U. 8. E. E.; Caiion Largo, Rio Pedro, N. M., Newberry. 
9. Helix (Patula) Cooperi, Bin. California. 
10. Helx (Patula) Mazatlanica, i? Mazatlan. 
11. Helix (Folygyra) acutedentata, Bin.,+ H. Lotsa, Bin. Guaymas. Mazatlan, 


12. Helix liz (Polygyra) ventrosula, Pfr. [No locality given: not “Ww.” in Check- 
13. Helie ( Polygyra) ygyrela, Bland. “ w.” freste | teste Check-List, not in MS.] 


14, Hens gcimana, Gld. Oregon, 

18. He ne) ullant, Bland. Wiraaron TennrroRy AND OREGON : 
iver, 1st Camp. 

16. sis (To foe loricata, Gid., Pfr, y=, Lecontes, Lea. Sacramento River, 


17. Heke (feaodon) Columbiana, Lea, Trosch., Rve., Pfr.,+H. labiosa, Gld., Pfr. 
VANCOUVER TO OREGON: =i Vancouver, Nuttall; Ft. aves USE. E.; 


Nootka Sound, Hinds; Astoria, Drayton on City, N 
18. Hels (Mevodon) ‘devia, Gld., Pf, =H. B , Pér., Rie Poss Puget Sound, 
19. Helix (Aglaia) | Oregon: Miill., Rve., Pfr..= H. Nuttalkana, Rve. y) Trosch., 
Id. VANCOUVER TO OREGON :— t Sound, Columbia River, U" S. ELE; 
Esquimault Harb., Lord ; orn alley, Or. and San Francisco, New- 
berry; De Fuca, Gibbs ; Oregon Ci , Shamard Ht. ‘t. Steilacoom, Suckley. 


20. Helix (Aglaia) infumata, ‘Gid.~ San rancisco, B 

21. Helir (Arianta) arrosa, Gld., =H. eruginosa, Gid, oon, preoc.). OREGON, 
CALIFORNIA ; :-—San cisco, Bigelow, Samuels; Petaluma and Columbia 

iver, 

22. Helix (Arianta ownsendiana, Lea, Trosch., Rve., Pfr., Gld.,4+H. pedestris 
+rada, Gid. OREGON AND CALIFORNIA :—Wahlamat River, Nuttall, 
Townsend, U.S BE; ; Nisqually, Dyes.; Puget Sound, Kennerley. 

93, Hekx (Arianta) tudiculata, Binn. WASHINGTON TERRITORY TO CALIFORNIA: 
—San Diego, Newberry. 

24. Hekir (Arianta) Nicklinvana, Lea, = H. Californiensis, Rve., Pfr. (non Lea), 
=H. arboretorum+-nemorivaga, Val.— Var. =H. anachoreta, Binn, “Widely 
distributed, but solitary,” Thompson. OALIFORNIA Sacramento River, 
U.S. £. E; San Francisco, Bigelow ; Tomales, Newberry. 

25. Helis | (Arianta) redimita, Binn. (jun ) =. Nickliniana, var. Binn. (sen.). 

fornia. 


* In the Check-Liet of Dec. 9th, sportella does not appear. It is generalHy treated by 
Mr. Binney as a small variety of Vancowverensis, with stronger radiating and spiral lines ; 
but in the MBS. sent for publication in this Report it takes rank asa species. Mr. Bland 
lees the two identical; yet in Add. Gen. the form is thus divided :—“ Zberue (Cam- 

Hh Alben i in fam. Helicida, ” and “ Discus Vancoucerensis, in fam. Stenopide.” 
it is divided as “ Maorooyeli vellicata,” “ M. Vancowverensis,” and “ Helix 
(Pabule) sporte . 
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26. Hicks (Arianta) intercisa, Binn. (jun.),==H. Nickliniana, var. Bimn. (en). 


+27. Helix ( Ar Arianta) exarata, Pfr. California. 

+28. Helix ( Arianta) reticulata, Pfr. California. 

$29. Helix (Arianta) ramentosa, Gld. California, Newcomd. 

+30. Helix (Arianta) Ayresiana, Newe. Northen D. 

+81. Helix 4riantes Bridgesti, Nowe. San Pablo, California, Newcomb. 

+82. Helix (Arianta) Carpenteri, Newc. Tulare Valley, California. [Not Carpe- 
teriana, Bland; F orida.} 


33. Helix (Arianta) Californiensis, Lea, Troach. a ee (ron eet y=. rents, 
E.; 


Val., Rve., Pfr. Catrrornta :—Interior of Cal 
$34. Hehix (Arianta) Mormonum, Pfr. Mormon Is., California, 
85. Helix (Artanta) Dupetithouarsi, Desh., Rve., Pfr. + H. Oregonensis, Troxh., 
Dekay, Pfr. WasHineTon TRRRITORY TO CALIFORNIA. Interior of Cal, 
U. 8. E. E.; Puget Sound, Dyes.; Klamath Lake and Benicia, Newberry: 
Tulan Lake, Cal. ; ; Monterey, Tr -owbridge ; San Diego, Zves. 
+36. Helix {arint Traskis, Newe. Los Angelos, California, Newcomb. 


onterey, Jres 


87. Helic (Arianta) Kellettii, Fbs., Rve., Pfr. Sta, Barbara, Kellett and Woe: 
San Diego, teste Gould. 

88, Helix (Arianta) Pandora, Fbs., Rye., Pfr.,=H. damascenus, Gid. Sts. Bar 
bara, Kellett and Wood ; Desert East of California, Mus. Newcomb. 

39. Helix (Artanta) levis, Pfr. y+var. 8. Columbia River. 

40. Helix (Euparypha) areolata, Sby., Pfr., Phil., Rve. yt vars. B.y. PENINStLA 
oF Lowkr Carirornia. [ argarits Bay, Pease.* 

T41. Columna (Rhodea) Calsfornica, Pfr. [Achatina, Pfr., Rve.] 


Subfam. Orthakcine. 


42. Bulimulus (Liostracus [not Leiostraca, Ade) Ziegleri, Pfr. Mazatlan, Rage. 

(+43. Bulimulus Mexicanus {, Lam., Deless., Pir, Rve. (non Val.),= Cochlogm 
vittata, Fér. Mazatlan Reigen | 

44. Bulimudus (Mesembrinus) pallidior, Sb =. vegetus, Gid., teste Cum., Bim. 

- ‘San Dieao To Carp Sr. Lucas: “t's 

45. Bulimulus (Mesembrinus) erceleus, Cid. (oxy = B. elatus, Qld. (fig.). Sa 
Drreo To Care St. Lucas :—C. S. Lucas, Xantus. 

46. Bulimulus us ( Mesembrinus) inscendens, Binn. LOWER CALIFORNIA :—Margan 

Bay, and ©. 8S. Lucas, Xantus, 

+47. Bulimulus ( Mormaey ay ) Culifornicus, R 

+48. Bulimulus (P Mormus) suffiatus,Gld.,=B. v cesicalis, GId. (nom. preoc.). Lows? 
CALIFORNIA. 

49. Bulimulus (? Mormus) pilula, Bion, Lower CaLurornta :—Todos Santos 

; Mission, ita Is., Xantus. 

50. Bulimulus Saran proteus, Brod. Cape St. Lucas, Xantus. 

51, Bulimulus (Scutalus) Xantus, Binn. Cape St. Lucas, Xantus 

52. Bulimulus (Peronaeus (non Peronea, Poli}) artemisia, Binn. Cape St. Lucss 


58, Orthalicus (Orthalicu) sebra, Miill., Pfr. Mazatlan, Reigen. ) Also Kasten 
BBB. Orthakious (Orthalioe,) andetus, Fér, Pie. 6  Matatlae”” } slope 


Subfam. Pupine. 


185 . Pupa (Pypilla) Rowellti, Newc. San Francisco, Rowell. 
55. Eupa Pupilla) Cakifornica, Row. San Francisco, Rowell. 
66. Papa (Leucochila) , Pfr. Cinaloa, Mexico. 


# See also Dr. Newcomb’s new species, tabulated in pp. 609, 633. 
¢ Included among the doubtful species by Mr. Binney ; but the shell so named in t? 
Mas. Cat-, no. 284 (ps (perhaps erroneously), was certainly found on opening the Masst2 
J 
§ Mr. Bi follows Pfr., in his later works, in ting these Pvarieties, Tho shal 
he Reigen Collection were clearly conspecific. Vide Mas. Cat., no. 233. 


| 
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Subfam. Succinne. 
+57. Succinea* (Succinea) Hawkinsi, Baird. British Columbia, Lord. 
+53. Succinea (Succinea) cingulata, Fbs. Mazatlan, Kellett and Wood. 

59. Succinea (Succinea) rusticana, Gld. OrrGon anp CALIFORNIA :—Oregon, 
U. S. E. E.; Ocogo Creek, California, Wilkamson. 

GO. Succinea (Succinea) Nuttaliiana, Lea. “Scarcely differs from S. ovals, Hudson 
River,” Gid, OREGON AND CALIFORNIA: —Lewis’s River, Or., Nadtall; In- 
terior of Oreg., U. S. EZ. E.; Wright's Lake, Rhell’s Lake, Cal., Newberry. 

G1. Succinea (Succinea) Oregonensis, Lea. “ Resembles 8. aurea,” Gld. Onkaon 
AND CALIFORNIA :— n, Nuttall. San Francisco, Rowell 

Subfam. Limacine. 


G2, Limar { (Amaka) Columbanus, Glid. Puget Sounp To San Francisco :— 
Puget Sound, U.S. E. £. Dyes; Oregon City and Cape Flattery, Wil- 
hamson ; San Francisco and Port Oxford, Troworidge ; Nisqually, Case 

Fam, Artonide. 
Subfam. Arionine. 
63. Arion (Lochea) foliolatus, Gld. Puget Sound, U. S. E. E., Pickering. 


Subfam. Zomtine. 


64. Zonites § (.Zgopis) cultellata, Thoms. “ Closely resembles the Dalmatian Z. 
albansca and actes,”” Contra Costa Co., Cal., common, . 


Fam. Onchidtade. 
65. Onchidium Carpenteri, Binn. Cape St. Lucas, Xantes. 
LuanopHita, Fam. Auriculide. 
Subfam. Melampine. 
66. Melampus olivaceus, Cpr. San DirGo To MazaTLAN :—Mazatlan, Reigen ; 
ooper. 


San Diego, Blake, 
67, Pedipes lirata, Bion, Lower Catrrornia :—C. 8. Lucas, Xantus ; San Diego, 
‘oper. 
Fam. Limneide. 


Subfam. Lémneine. 

68. Iimnea (Limnea) stagnalis, Linn.,+ L. jugularis, Say, Hald., De Kay, Kiist., 
Binn. (lat list), +L. appressa, Say, Hald., De Kay, Kiist., C. B. Ad.,+ L. spe- 
ciosa, Zieg]. EuROPE, ASIA, AMERICA :--Rhett Lake, California, Newberry ; 
Ruby Valley and S. Utah, Captain Simpson. Fort Simpson and Hudson’s 
Bay, common; throughout British America and northern tier of U. 8., 
from Vermont to Pacific, teste Binn. [Var.=H. fragilis, Linn., teste 
Hanl., Ips. Linn. Conch. p. 385; non Rve., Binn. (1st list) -} 

G9. Limnza (Limnea) lepida, Gld. Lake Vancouver, U. S. £. £. 

70. Limnea (Lin yaa) reflexa, Say, Hald., De Kay, Kiist.,+ LZ. ata, Say, 
L. umbrosa, Say, Hald., De Kay, Kiist.,+. eviie+L. Haydons, San 
Francisco, Rowell. Also through British America and northern tier of 
States from New York to Pacific; teste Binn. 

+71. Limnea (Iémnophysa) Sumassii, Baird ||. 


* So great is the difficulty of ascertaining (even approximately) the specific relations of 
Succinea without a compareon at least of single specimens, that Mr. Binney considers it 
safest, until series have been examined, simply to quote the species which have been de- 
scribed by other authors. He has followed the same course with Ancylus, and for the 
pare reason. 

~ “Hasapore. Why not Arion? *— Binney, in MS. list. 

noe appears among “doubtful species” in the MS., but is printed in the text of 
the Check-List. 

| Probably a variety of palustrie= Nattalliana, Lea. British authors have as yet had 
bat, per opportunities of studying typically-named American freshwater ee 

° x 
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72, Limnea (Lamnop og ress palustris, Miill. et auct)= fragilis (aa of Linn), Haid 
De os Bine ie iat), Re, (hodie). in Ips. Lim | 
Conch. S85 elodes, Say, = ‘Ad. a Kiet +E Nedtal- 
one, tes Kust., PLL. plebcia, id. cee ea Flald. , Do Kay, Ki 
eect Evropg, ASIA, AND AND AMERICA: 
t Sound, Kennerley ; Take ad Summer Lake, Ot Ret 
e and Wright's Lake, Cal, 8 iy supine Lake, Cal, Veatch San 
Francisco, Rowell ; ; Monterey, Ca ine and Yuckron Rivers Re 


America, ‘Kennicott. Also from P eer ‘wania weatward to Pacific, and fron 
this line ne northwards wherever searched, even to interior of Russian Am 
rica ; inn. 
73, Limnea (Limnophysa) provima, Lea. San Francisco, Cooper. Arroys 5a 
Antonio, Trask. 


74. Lémnea Limnoph a) emarginata, Say, Hald., De Kay, Kiist.,==Z. Ontariawm. 
Mut, Mie Le corre Haid. New ENGLan> ‘to WASHINGTON TE- 


75. Limnea ( Limnoph ysa) catascopium, Say, Hald., Gld., De Kay, Mra. Gray, Pot 
& Mich., Kiist. tL » Say (non Dohrn), = = Virginiana, Lam. Desh. 
Delees., = L. Val. . eerioats Zig “a GLAND 10 


ir jamnes Ik sa) Traske Tryon. Mountain ol California 
¥ 6 
Has (Eetge) a .B. Ad, Hald., be Her San Francs, | 
t 


Lea. 
79. Tamnees Is bulimoides, Lea, Hald., min Vancourer. 
a yy a i 
81. Limnea (Iamnophysa) pene ali | De Kis Kay. Ore 

82. Pompholyx effusa, "Les, Add. Pitt River, Ps serrye Sacramento River. 
88. Piyee (Phys) dort Baird. British Columbia, Lord; east of Fort Colvilk. 


84, Physa (Pine) sora Say, De Kay, Kiist., C. B. Ad., Hald., =Ph 
tea, De cylindrica, De Kay, Ph. Hildrethiana, Lee. 


ington Tem O San Francisco, Rowell. 
85. Physa ssn Cop Di utecen, Gl Gl = Ph. bullata, Gid. (non Pot. & Mit) 
» Cooper; Lakes Rhett and Upper Klamath, Ne 


86. Physa na (Phys) Gabi, _— Sta. Ana Riv. Angele | Co. Also Mountais 
ifornia. 

87. Physa na (Phyea) heterostr , Gould, C. B, Ad., Desh., Kiist., De Kay, 

Gray, Pot. & Eaton, Ph ‘Yontana, Hald.,+- Ph. cykindrict 


Newc.,-+ Ph. aurea, Lea. m Kay,+ Ph. plicaia, + Ph. he fiatra, De Kay, +f. 
Charpentier 


osculans, Hald. ( + Ph. striata + subarata, Mike + Ph. 
+Ph. Phillips, Rey + Ph. elliptica, + Ph. inflata, Lea,== Bulla cross 
Dillw. =. fontinalis, Chemn., Schroter,= neritoides, List. Nosrt 


AMERICA, passim :—Chiloncynck, Rennerley ; Hell Gate River, Nanay’ 
San Francisco and Washington Territo , Cooper ; Los Angelos ea, teste Lee Ae 
Also from Texas to British America and Arctic regions, and from Atlan 
to Pacific, teste Binn. 


+88. Physa Physa costata, Newc. Clear Lake, Cal., Veatch. 
89. puyea yea virginea, Gld. San Francisco, Rowell. b 
90. Ps Physa) humerosa,Gld. Rio Colorado, Williamson; Sen Di PEE 
91. Piysa (Physa) virgata, Gd. San Diego, Webb; Los Angelos; Cal. Ac 
several of which are perhaps but modifications of circumboreal which bave bes 


already traced to Eastern Asia. Even the series in Mus. Cum. are rom being soot 
~ complete. The inflexible rules of the British Museum have not yet allowed a sins 
‘men of Dr. Baird’s species to be transmitted to America, even for comparie0® 
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02. Physa (Physa) triticea, Lea, Binn. MSS.* California, Cooper. 

+98. Phyea (Ph aa) concolor, Hale Hald. Oregon. 

at (Bu ig auct.: v. Maz. Cat. p. 179),== 

Mazatlan, n, Reigen. 

96. Batis 3 ( Bulinas) slats Cid. Mazatlan 

96. Bulinus (Budnus) h , Linn., Hald, O. B. Ad., Chen. et anct.=Ph. 
elongata, Say, Gld. Kaye Fh elongatina, Lewis. NorTHERN EUROPE, 
Asta, AMERICA. Paget ound Cooper ; common at junction of Yukon 
and Porcupine Rivers, Russ. Amer. * Through Brit. and Russ. 
America, and from Kansas to Washington, D. C.; teste Binn. 


Subfam. Planorbine. 
97. Planorbis (Planorbie) subcrenatus§, Cpr. Oregon, Nuttall. [PPuget Sound, 


ley. 
98. Planar is tenorbis tumens, Cpr.,= P. ophila, Mke. non D’Orb. ye. 
, Cpr. [Cat. Prov., non B teste Gla azatlan, Melchers, Reigen. 


and Rhett lake al., _ Newberry. Ocogo Crock, Cal., Wilhamson ; on 
a » Cooper; Monterey Co., Trask ; Lagoons, Sacramento Valley, 
Pomieres 


elisoma) co , Say, Hald., De , Gld., Chenu, =P, tri- 
volvis ‘an, C. Columbia River, abun mat, U. 8 BE Also 


102. Planorbis F (Helscmna) trivoluis, Say, De Kay, Gld., Hald., O. B. Ad., Kiist., Pot. 
& Mich., Eaton= Bulla sn Say,+ Pi. regularis, Lea, + Pl. megastoma 
+ Physa : planorbula, De Kay,-+ Pt. macrostomus+- Pl. corpulentus, , Whiteaves, 
+ Pe lentus, Gld.,+ Pi. rrvalens, var. fallaz, Haid, = Cochleat reameor barn, 
Lister, Petiver. Puget Sd. » Campbell; Wright's Lake, Cal., Newberry ; 
Vancouver, C ; San Francisco, Rowell ; 8. Diego ; Mus. Smitha. ; Horn 
Lake, teste Lea. bably extends over whole continent, teate Binn. 

108. Flanorbis Menetus) cularte, Gld.,= P. planulatus, Coop. 8S. Francisco, U. 8, 


101. Planorbis 


104. C als Gals Cooper dc Creek, Cal., Newberry; 
artnifex || New Klamat e and Canoe k, Cal. 
rife ix Cal, han, 


Subfam. age 


105. Ancylus Ne j, Lea. Klamath Lake, Newberry. 
$106. Ancylus craseus, Hald. “W.” [Check-List. 

107. Ancylus caurinus Coop. California, C 

108, Ancylus cn Lea. 8. Francisco, ; Arroya, San Antonio, Cal., 


+108. Ancylus jensis, Baird. Brit. Columbia, Lord. 
110. Ancylus Frags on. “ W.” [Check-List. 
111. Acroloxus teal, d. [ Velletsa N., Binn. in list, May 4th.] Oregon, Nedé. 
112. Gemdlachia Cal sfornica, Rowell. 


_* So in first printed list and in two MSS.; but in Check-List of Deo. 9, Ph. Zyooe- 
tiana, Lea, is tasigned to the Wert ineteed of this peste. The MSS. sr probably 


death, especially if the infant- name sca TS daniving breathed the air of use, and ie resur- 


acceptance. 
§ It is quite quite possible that this may prove a very finely grown specimen of P. lentus. Dr. 
Kennerley? sh Is are intermediate. 
Thus in Cheok-List, Dec. 9th. In that of May 4th, it appears as Planorbis N.; in the 
. list as Carinifera. ox2 
x 
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Suborder THALASSOPHILA. 


$118. Stphonaria lecanium, Phil.: [Var.=S. maera, Shy. Var. palmate, Cpr. # 
possibly distinct. Mazatlan, F. B. Philippi, Reigen; Acapulco, Jewel: 
ape St. Lucas, Xantus. } 


$114, Siphonaria equilirata, Cpr.,[ = S. equilorata, Rve. Mazatlan, Reigen; CS. 
ucas, Xantus; Margarita Bay, very fine, teste Pease. ] 
$115. [Siphonaria thersttes, Cpr. Neeah Bay, Stan. ] 


Doubtful, spurious, and extralimital species :— 


Helix aspersa, Mill. “Sta. Barbara,” Kellett and Wood. [Imported.] 

Helix arbustorum, Linn. 

Helix Sagratana, D’Orb. [Certain} Cuban. | 

Helix “ Sandiegoénsis, Lea. 
scribed,” teste Binney. 

Helix peregrina, Bosc. 

Bulimus Humboldtt, Rye. ? Mazatlan.” 

Bulimus Laurentit, Sby. “Sitka:” probably Sitcha in San Salvador, te“ 


Binney. 
Melania (Bulimus] striata, Perry. [Vide antea, p. 520. } 
Succinea aperta, Lea, = S. rotundata, Gd. Sandvich Is., U, & Expl. Esp 
+Physa Maugerie, Gray, teste Woodward, Manual, p.171; but probably equ 
torial S. America. 
+ Siphonarta amara, [Nutt. Admitted into the list by Mr. Binney, on the autho- 
rity of Rve., as of Nutt.; but it lives on the Sandwich Is. ; teste Pease, Ae 
comb, U. &. E. E.). 


116. The Smithsonian Institution has lately issued a “ Descriptive Csta- 
logue of the species of Amnicola, Vivipara, Bithynia, Valvata, and Amp- 
laria,” by Mr. W. G. Binney. It is abundantly illustrated with outline 
woodcuts, and contains the synonymy corrected from all the accessible typ 
Dr. Stimpson is at present engaged in dissecting the molluscs; but none af 
his investigations have yet been published. The following is a résumé of te 
West Coast species, from a proof kindly furnished by the author. 


Page. Fig. 
rae Amnicola longingua, Gid., Bost. Proc. v. 180. Colorado Desert, Blake. 
5. 6. Ammicola protea, Gld., Bost. Proc. v. 129. Colorado Desert, Blake, Ws. 
12. 45. Vivipara, Lam.,= Paludina, Lam. [This genus, so fine and plentiful es 
of the Rocky Mountains, does not appear on the west. 4 
44, ,, Paludina Nudtalliana, Lea, Trans. Am. Phil. Soc. vi. p. 101, pl. 28. doe. 
fn text. In later manuscript list, this name appears as a synonym ®. 
eminicola (Stimps., MS.) Nattallit, Lea, = Amnicola Nuttalhana. Cp. 
Minn. Rep. p. 374, = Leptoris Nudtallit, Hald.,= Anculosus Nuttallii, Re 
P+ Paludana eeminalis, Hds. (p. 46, f. 81), [P+P. Hindsii, Baird. “ 
lumbia River, Matall, Cooper; Upper des Chutes Riv. and al 
Lake, Or., Newberry; Roques R., Or. Sacramento R., Hinds; Bat 
Columbia, Lord ; Canoe Creek and Pitt River, Cal., Nesbderry. 98 
48. 80. Bithinia nuclea, Lea, = Paludina n., Trans. Am. Phil. Soc. vi. p. 91, pL = 
f. 103 [in text. In later MS. list, appears as synonym of] Fhaminicols 
virens, Lea (Pakelina v., Lea; Leptoris v., Hald.),-+ Paludina nucles, Le 

Wahblamat River, Oregon, Nedtall (Willamette, MS. list J. 


The following are added by Mr. Binney in his later MS. list :— 
es have 


Valvata virens, Tryon. Clear Lake, Calif. [The Smithsonian duplicat 
been nfortanately distributed under the name “ V. sen Say,” which bad 
been previously given to the specimens, and under which t ey are 


. quoted 10 
the Check-List of 1860, no. 456, According to Mr. B., V. sincers is’ 


ike 


’ Qld, P.R.R., vol. v. p. 331. “No such sp de 
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ecarinate forms of V. tricarinata, Say,’”’ to which the Clear Lake specimens 
bear but slight resemblance. ] 

Pomatiopus Binneyi, Tryon. 

Fluminiwola fusca, Hald. (Leptoxis f.). Shores of Lake Utah, Capt. Burton. 


117. Of the West Coast species of Melaniadw we are unable to offer any 
last embracing the synonymy, as the materials are at present in the hands of 
Mr, Tryon for elimination, and his labours are not yet sufficiently advanced 
to furnish a report. His Manual of the North American Melaniads will be 
published by the Smithsonian Institution. The animals of many species have 
already been dissected by Dr. Stimpson*. It is unfortunate that in the two 
most important branches of North American freshwater molluscs, the Me- 
laniadex and the Unionide, there exists a radical difference of opinion between 
the leading writers, which has sometimes assumed the appearance of per- 
sonal animosity. Malacologists east of the Atlantic, unwilling to become 
partisans when the leading nomenclators of the rival schools are equally 
honoured, have to a great extent declined to pay attention to the unexhausted 
riches of the American waters, regarding any settlement of the disputed 
points as hopeless. Dr. Isaac Lea, who has spared no expense in illustrating 
his publications of the results of a life-long study, follows the restrictions 
on the priority-rule allowed by the British Association Committee. Other 
‘writers, however, claim a certainty in identifying the supposed species of 
Rafinesque and other similarly inaccurate authors, which would be considered 
by most English naturalists as not warranted by the few loose words of de- 
scription given. It would be well if the student were permitted to start from 
the first carefully ascertained landmark, rather than from the defaced tracks 
of the first hunter. 

In the Check-List of North-American Fluviatile Gasteropods, published by 
the Smithsonian Institution, June 1860, which contains the names of 405 
(supposed) species of Melania, Lithasia, Gyrotoma, Leptoxis, and Jo, Mr. Binney 
assigns the following eleven to the West Coast. None of them are accredited 
to the castern division. 


43. Melania bulbosa, Gd. 242, Melania Shastaénss, Les. Shasta 
104. Melansa exigua, Conr. and Scott Rivers. 
166. Melania Menkeana, Lea. 243. Melanta silicula, Gid. [= phici- 
174. Melama New }, Lea. fera, small var., teste Lea. } 


177. Melania nigrina, Lea. Clear Creek, | 206. Melania Wahlamatensis, Lea. 
Shasta Co. 297. Melania Warderiana, Lea. 
211. Melania plicifera, Les. 360. Melania fusca, Hald. 


118. Dr. Lea’s Check-List of the Unionide (June 1860), after eliminating 
synonyms, assigns to America, north of Mexico, no fewer than 552 species 
of Unio, Margaritana, and Anodonta. The type-specimens of the species 
described by Dr. Gould from the United States Exploring Expedition were 
submitted to Dr. Lea’s inspection, and confirmed his previous opinion that 
they were varieties of those before known. The U. famelicus, Gld., he pro- 
nounced to be a South-American shell; but it appears, without note, in the 
Check List, no. 133, probably by oversight. The only widely diffused species 
is the long-famed “ pearl-mussel”’ of the Conway and other British streams. 
The following seven aro accredited to the Pacific coast :— 


* See his very interesting and important paper ‘ On the structural Characters of the s0- 
called Melanians of North America,” in the ‘ American Journal of Science,’ vol. xxrxviii., 
July 1864, pp. 41-53. It appears that the ecxual system is quite distinct from that of the 
ordinary Ctenobranchiate Gasteropods, and approaches the Cyclobranchiates. 
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281. Unio Oregonensis, Lea. [Comp.534.] | 499. Anodonta Cabfformiensis, Lee. 
484. Margartiana mre tifou® ea. | 531. Anodonta Ms uttalliana, Lee. 

(Linn 584, Anodonta Oreqonenet?, Lew 
494, Anodonta angulata, Lea. 551. Anodonta Wahlamatensis, Lea. 

Besides these, 36 species of Unio and Anodonta are assigned to Mexico 
and Central America in a separate list; but no distinction is indicated be- 
tween the Pacific and the Atlantic slope of the mountain-range. 

119, At the request of the Smithsonian Institution, Mr. Temple Prime, of 
New York, well known for his special devotion to this department, has con- 
sented to prepare a Manual of the Cyrenids inhabiting American waters. 
All the accessible materials from the West Coast are in his hands for exami- 
nation, The first part of his “‘ Monograph of the Species of Spharisum of 
North and South America” is printed in the ‘ Proc. Ac. N. Sc. Phil’ 1861, 
pp. 402 ef seq., and contains quotations of five species, nos. 4, 7, 9, 10, 11, 
Nae synonymy, from Washington Ter., Oregon, and California. He has 

dly (in advance of his intended publications) furnished to Mr. W. G. Bin- 
ne e following MS. “Synopsis of the Corbiculide of the West Coast of 
North America,” with liberty to publish in this Report. It is here condensed, 
with synonyms and references, in the nomenclature of the writer. 


Mr. Prime’s Inst of West North-American Corbiculide* [Cyrenids]. 


Corbicula convera, Desh., P.Z.8. 1854, p. 342,= C.ventricosa, Pr. MS. Maratlan. 
ra ee aes bate Bale 
‘rianpula, VF, do Busch, P. ¥, 8. ‘Bio, 75, pL. fm: ali, G 
Boat. Pr. 1852, p. 400, pl. 16. £ B hia 0 CXNOGNG, Pars, Maz. Cat., no. 165 
(= C. vartans, cat. prov.). Mazatlan. 
D » P.Z.8. 1854, p. 20; Il. Conch. 1861, p. 39, pL 2. £ 2. 
California. 


Cyrena olivacea, C “A Maz. Cat., no. 164,= C. Fontatnei, Desh., MS. (non D'Orb., 
B. M. Cat. no. . Mazatlan. 
Cyrena acuta, a Conch. 1862, Met 14.f£1. Centr. America. 
Cyrena Mexicana, Sby., Zool. Tl. 18 OO Cat., no. 165= Ded Dartans, 
we pro, pa + C. fragilis, Desh. MS. +C. eq<ulateraks, Desh., P. Z. 8. 
Mazatlan. 


9. Cyrena Californica, Pr , Proc. A. N.S, Phil, 1880, p. 276, C. subquadrata, 


Wm CO DS ee 


£7.28 


Desh.., PZ. 8.1854, p. 21 (nom ma, Prooc. - 
10. Cyrena Panamensis, Pr., Proce. A. SPU. 180,p. 288, ~ C2 inflata, Dea, 
P. Z. 8. 1854, p. 28 (nom. preoc.). Panama. 
11. Cyrena Recht, Pr..= C. cordsformss, Recl., 1. Conch. 1858, p. 251, pl. 7. £9 
(nom. reoc.). “Centr. America. 
12, Cyrena Cuming, Desh., P. Z.S. 1854, 2, Centr. America. 
13. Cyrena tumida, Pr.,= C. angulata, Desh., P. Z. 8. 1854, p. 22 (nom. preoc.). 
ae Amerie h, Mal. Bl. 1860, p. 104. Realej 
14, Cyrena pullastra, Morc e}0. 
16. Cyrena maritima, C. B. Ad., Pan. 8h., na, 451. Panama. 
16, Cyrena sordida, Hanl., P.Z.8. 1844, p. 169. Central America. 
17. umn atgulore’ Yas (Col ) New Harm. Dissem. 1829, p.856. Mexico. 
18. harium striatinum, L clas s.), An. 8. Vert. vol. v. 560, 818,= C.eden- 
tula, Say, loc. cit. p. 2, = C. cornea (Lam.), C. B.Ad., Cat., 1847, = C. albule, 
, Bost. Proc, Boi, p. 168, +0. emitriata, Pe, p. 156, + C. acuminate, 
Pr. 168,+-C. énornata, Pr +t C. stm: Pr.,+ C. | modesta, Pr., » Be. Hab. 
ork to Alabama, Connecticut to Hell- | gate River, 
19. Spherium dentatum, Hald. (Cyclas d.), Proc. mola; S. Phil. 1841, p. 100. Oregon. 


* The name Cordioula, having been first given to a species, and being iteelf = diminu- 
tive, is scarcely fitted to depts long-used generic appellations in marking the family- 


‘oup. 
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. Spherium occidentale, Pr » Proc. A. N.S. Phil, 1860, p. 295, = C. ovalis, Pr., 
Bost. Proc. 1802, Pp 276 (nom. TeOC. y= Sph. ovale, Stn.,’ Add. Gen. vol. ii. 


Biro, W Hab, New York to ; Vermont to Wisconain ; Hell-gate 
21. Sphere Gld. (Cyclas n.), Bost. Proc. 1855, p. 229 [Otia, p. 218]. San 
22. Spharium patella , Gld. (Cyclas p. oe i] Or Oregons E. E. 


Moll. fear, 527, 1 rm not edi 
Oh Sharien sonnet, P.Z.S. 1803, anted, p. 605]. B, Col. 
24. Pea oi iis  sntea, 605 B. Col. 
25. Spharium wridonal Pr., Proc. Ac. N hil, 1861, p-414. Panama; Mus. 


26. havioe lenticula, Gd. (Lucina * 1.), Bost. Proc. 1850, p. 256. California. 

27. Spherium subtransversum, Pr., P.Z. 8. 1860, p. 822. Mexico. 

28. Fisidium abditum, Hald. (Pubi]= Cyelas minor, C. B. Ad. Bost. Proc. 1841, p.48, 
= P. obscurum, Pr., Bost. Proc. 1851, p. 161,4+-P. Kurtss, Pr., . 163, +P, 


zonatum, Pr., p. "162 +P. regulare, Pr., IL vi. 368, P L 12.£ -13, 1852, 
+ P. notatum, Pr., , Bost I vi, 366, pl. 12. f. 20-22, 18 AbD P.amphan + F 
resarivam, In 566, MS. rubrum +P. plenum, Lewis, MS 
29. Prsidium occidentale, Rowe. [Proc. Cal. Ac. Nat. Sc. 1861, p. 94]. San Fran- 
cisco, Rowell, 
120. Of the tertiary fossils throwing light on existing species no addi- 


tional information has yet been published. We cannot but Pope that the 
researches of Mr. Gabb, on the fossils collected by the Californian Geological 
Survey, will develope relations of great interest between the existing and 
former conditions of the continent. The Astorian fossils described by Mr. 
Conrad from the U. 8S. Exploring Expedition (vol. x., Geology, Philadelphia, 
1849), and tabulated in the first Report, p. 367, belong to the Smithsonian 
Institution, but were not discovered therein 1860. All of them, however (in- 
cluding the indeterminate species), are figured in the atlas of plates. 

resemble the fossils of the Pacific Railroad Expeditions in being very imper- 
fect, for which reason the following criticisms may prove erroneous. The 
general aspect of the collection betokens the Miocene period. 


Mya abrupta, Conr., may be the of Glycimeris generoea, Gid. 
y young cunta, Cont yer ’ 


. trapexoides, Conr., may 


Solemya ventricosa, Conr., "has the poet of a a large Lasaria. 

Tellina arctata, Conr., closely resembles Macoma, yar. expansa. 

Tellina emacerata, Conr,, is perhaps Bodegensis 

Lucina acutilineata Conr,, jpPpears tc to be via Linn, 

Cardita subtenta, Conr.,= Venericardia borealis, Conr. 

Nucula divaricata, Conr.,= Actla castrensis, Hds. 

Pectunoulus patulus, Conr., may be tonalis, Midd. 

Pectunculus nitens, Conr., resembles tanta, Gld. 

Pocten propatulus, Conr. A very fine imen, enclosed in a large nodule 
from Oregon, was presented to the Brit. Mus. by Mr. C. Pace. If not identical 
with Amusium caurinwn, Gld., it is most closely allied, especially to the 
Japanese form. 


© Mr. Prime assigns no reason for changing Dr. Gould’s Lucina into engraved ref nor any 
authority for “ California.” He was, perhaps” misled by the artist's en references to 
the figures 028, a, 5, where he has drawn a rule, referring to the lados above, instead of 
writing Lucina. It is assigned to ‘‘?Coast of Patagonia” in ’ p. 63, and to “?R. 
Janeiro” in ‘ EB. E. Moll.,’ p.414. In each place the shell is compere to an Astarte or 
Cyprina, with lateral teeth. The type was was not returned to the Smithsonian Institution ; 
but the dingnosis states that it is “chalky, thickened within the deep and jagged pallial 
line, sculpture faint but decussated, and margin finely crenulated,”—characters more con- 
sistent with Lucina, s.g. Myrtec, than with Cyclas. If the type cannot be recovered, per 
haps the species may be dropped, as it is not the Lucina (Myrtaa) lenticula, Rve. 
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Terebratula nitens, Conr., is very probably Waldheimia pulvinata, Gid. 

Bulla a, Conr., has the shape of Tornatina eximia, Bd. 

Crendula prorupta, Conr., is certainly princeps, Midd. 

Turritella, sp. ind., resembles Mesala lacteola. 

PDolium petrosum, Conr., resembles the young of Priene nodosa, Chemn. 

Fusus genious, Conr. <A similar shell has just been taken at the Farallones 
by Dr. Cooper. 


121. To correct the general table of ‘‘ Mollusca of the West Coast of N. 
America” (First Report, pp. 298-345), and the deductions founded upon it 
(pp. 346-367), would involve the necessity of reprinting a considerable por- 
tion. The student, being now in possession of all the known sources of 
fresh information, can with his own pen strike out the spurious species, alter 
the synonyms, insert the newly discovered forms, and make the requisite 
corrections in the classified results. 

122, With regard to the tropical fauna, the researches at Cape St. Lucas 
and in the interior of the Gulf of California, though leaving much to be 
desired, bear-out the general conclusions arrived-at in paragraphs 78-5’. 
The evidence for the identity of specific forms on the Atlantic and Pacific sides 
of Central America has been greatly confirmed. Dr. Gould writes, ‘The 
doctrine of local limitations meets with so few apparent exceptions that we 
admit it as an axiom in zoology that species strongly resembling each other, 
derived from widely diverse localities, especially if a continent intervenes, 
and if no known or plausible means of communication can be assigned, 
should be assumed as different until their identity can be proved (vide E. E. 
Moll. Intr. p. xi). Much study of living specimens must be made before 
the apparent exceptions can be brought under the rule.” It has, however, 
to be borne in mind that the researches of modern geology clearly point to 
considerable alterations in the existing configuration of continents, and 1 
the consequent direction of ocean-currenta, during the ascertained period of 
many species now living. Nor are we warranted in the belief that the 
existing fauna in any locality has been created at any one time, or has 
radiated from any single spot. To study the relations of living shells simp!y 
in connexion with the existing map of the world must lead but to partial 

"results. The facts accumulating with regard to the’ British species, by 
tracing them through the northern drift (now found even on the Snowdonian 
range), to the oldest crag deposits when Europe was contained in far different 
boundaries, show how altered may have been the configuration of the ne¥ 
world when the oldest of its molluscs were first created. Coordinately with 
the glacial period, Central America may have been a group of islands; °- 
ordinately with the creation of Sazicava pholadis and Chrysodomus antiqus; 
the gulf-weed may have floated between the Rocky Mountains in the 
archipelago of West America, and Japanese molluscs may have known how 
to migrate to the Mediterranean shores. Dr. Gould’s position may tbere- 
fore be accepted in theory ; yet, in practice, the “‘ imperfection of the geological 
record” *, and even of our knowledge of existing species and their variations, 
demands that the greatest caution be exercised in building results on deduc- 
tions from our ignorance. Already the fossil Malea ringens of the Atlantic 
has proved a ‘‘ Rosetta Stone ”’ to interpret the Cyprea exanthema, Purpv™ 

atula, and other Caribbean shells of the Pacific ; and as the geology of the 
est Coast advances, 80 may we expect to find traces of previous denizens of 


* No student of geographical distribution should omit to weigh carefully the chp! 
on this subject in Darwin's ‘ Origin of Species,’ and the information given in Lyells 
* Antiquity of Man.’ 
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American waters, which have bequeathed some species now flourishing, and 
others dying-out, to the existing seas. The present faunas of West America 
are perhaps the most isolated on the surface of the globe; yet, if we knew 
the ancestry of each specific form, we might find some first appearing with man 
on this planet, others first living even in historic times, others tracing thcir 
descent from remote periods, and it may be very distant localities, in the ages 
of the Miocene, possibly even of the Eocene oceans. These suppositions are 
not set forth as theories, but simply to guard against interpretations of facts 
based on conclusions which may be only the results of our necessarily 
imperfect information. 

123. With regard to forms offering local peculiarities sufficient to dis- 
tinguish them from correlative forms offering equal peculiarities in some other 
fauna, we are by no means warranted in assuming that these have sprung 
from different creations. Ifa race of men, migrating to a new continent, in 
a very few generations, or even in the next, develope an essentially different 
physique, it is fair to conclude that molluscs, borne by a change of currents to 
a distant region, or steadily migrating to the extreme limit of their con- 
ditions of life, will also change their appearance. If the publication of the 
‘¢ Darwinian Theory ”’ has had no other effect, it has at least checked the pro- 
pensity to announce ‘new species” for differences which may fairly be re- 
garded as varictal. It must also be borne in mind, that if the views of Mr. 
Darwin be only a theory, such also is the name required for the prevalent 
opinion of separate creations for all diverse forms. What indeed can we | 
possibly know of the mode of original creation of a single species? We ean : 
only prove that one or the other supposition best explains a certain class of 
facts. It is not necessary for a working naturalist to commit himself to an 
exclusive belief in either of these theorics. He may perhaps best explain 
some facts by the doctrine of separate creation, others by that of natural 
selection. In either case it is his duty to trace-out, as far as possible, the 
limits as well as the powers of variation in every living form, and to guard 
against seeing that only which accords with his prevailing belief. 

124. The study of European shells, as they exist in Norway, in Britain, in 
the Mediterranean, at the Canaries, or as they appear at different depths 
and stations in our own scas, still more as they occur in the widely separated 
periods of the later and middle tertiary ages, is an excellent preparation for 
the examination of either recent or fossil faunas in districts where our know- 
ledge is fragmentary and unconfirmed. It may be safely stated that there are, 
in the American waters, many tropical forms from the West Indies and the 
Pacific shores, some temperate forms from California and the Atlantic, and © 
many sub-boreal species in the Vancouver district and the European seas, 
not differing from each other more or even so much as forms universally 
allowed by malacologists to have had a common origin from Britain and tho 
Mediterranean, from the Red and the Coralline Crag. 

125. It is interesting to observe that, notwithstanding the probable con- 
nexion of the oceans through the Rocky Mountains during the Mioccne age, 
there is extremely little similarity between the special temperate faunas of 
Kast and West America. Not a single species has yet been proved identical, — 
and the allied forms are but few in number. They appear as follows :— 


Californian species. U. S. Atlantic species. 
Clidiophora punctata, C. trilineata (P =nasuta). 
Lyonsia Californica. L. (hyalina Floridana. 

acoma inconspicua, M. fusca. 
Angulus modestus, . A. tener. 


Raeta undulata. R, canaliculata. 


Californian species. U. S. Atlante species. 
Liocardium substriatum. L. Mortoni. 
Lunatia Lewisii. L. heros. 
Nassa mendica. N. trivittata. 
Amycla (species). Amycla (species). 


126. When, however, we approach the region in which boreal and sub- 
boreal forms occur, many species are found in common, and between others 
there is but slight difference. Yet even here there are more British than 
New England species in the West-coast fauna. As might be expected, the 
British species are for the most part those which are also found fossil, and 
therefore have had time to diffuse themselves widely over the hemisphere. 
It is, however, remarkable that many Crag species have reached Eastera 
Asia and West America which are not found in Grand Manan and New 
England. It is also extraordinary that certain special generic forms of the 
Crag, as Acila, Miodon, Verticordia, and Solariella, reappear in the North 
Pacific*. When seeking for an explanation of so remarkable a connexion 
between faunas widely removed in space and time, the correlative fact must 
be borne in mind, that the northern driftt, so widely diffused over Europe 
and Eastern America, has not yet been traced in the western region. The 
following Table exhibits, not only the identical but the similar species be- 
longing to the northern faunas of the Atlantic and Pacific. In the Asiatic 
column, K denotes that the species occurs in the Kamtschatka region, J in 
Japan. In the second column, V signifies the Vancouver district, C the Cali- 
fornian, and I the Sta. Barbara group of islands. The species marked F 
are also fossil. In the third column, C denotes the Coralline, R the Red, and 
M the Mammaliferous Crag. The fourth contains the species living in the 
British seas; the fifth, on the American side of the Atlantic, Gr. standing 
for Greenland. 


West America. Crag. 


K V__ Rhynconella psittacea ..| (Pleistocene) 
— VC Xylotrya pennatifera.... — 
— V_=Xylotrya fimbriata...... — 
— VC Zirphea crispata ...... CRM 
K VC Saxicava pholadis ...... CRM 
J VC Glycimeris generosa ....| Faujasii, C R 
_— V =Sphania ovalis ........ ‘?Binghami ’ } |Binghami 
JK j|V Mya truncata .......... 
J K, lata |V  Macoma inquinata...... lata, R M 
K V__ Serripes Greenlandicus 
K vi Aomte Coomnnese me R Mlcom on 
— Astarte (compacta) ....jcompressa, mpreasa 
— V_ = Miodon prolongatus ....| corbis, CR — 
— IF Lucina borealis ........ CRM realis 
— I Cryptodon flexuosus.... Cc. 
hina [I _ Verticordia 9-costata....} cardiiformis, C 
— VC Kellia suborbicularis.... CR 


Busk not having had time to complete his examination. 


66 
t From the Coralline Crag. Looks more like ovaiis. 
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Crag. British. | E. America. 
tee neees C rubra 
eee eeees RM edulis 
ween PC RM modiolus 
Modiolaria marmorata .. CR marmorata| marmorata 
Modiolaria levigata .... — 
Crenella decussata...... — decuseata | glandula 
cee ceeeaes CRM tenuis 
insignis ....|Cobboldie,RM} — 
K Yoldia lanceolata ...... RM — 
_— Leda minuta .......... RM caudata 
—_ C C 0 subauricul. 
— re) aw 
(Asia) | V  Limnma palustris ...... M ustris | palustris 
—  |VC Cylichna attonsa ...... cylindracea,CRj attonsa 
— |V_ Haminea hydatia ...... M ydatis 
— entale, M | entale 
J K, cxoca y eteee — (ceeca,Nor.)| craca, Gr 
— y er — — 
— V_ Lacuna vincta ........ M vincta i 
K (turricula}))V ‘Bela fidicula .......... turricula, R | turricula | turricula 
— V_ Bela excurvata ........ Trevelliana, Rj Trevelliana 
x |v M | imvigata. | le 
beens igata vigata 
K V_ Natica clausa.......... R (Norway) clause 
— V CI Eulima micans........ polite, CR | micans — 
— V_ Cerithiopsis tubercularis rculari — 
— VI Triforis adversus ...... C adversus — 
— CI Erato columbella ...... Maugeris, C R — (W.I.) 
— VC ura saxicola ...... — pillus | lapillus 
— VY Chrysodomus liratus.... — — O-costatus 
— V_ = Trophon multicostatus . . — (Norway) | Gunneri 


127. The following species (besides others dredged by Mr. A. Adams, but not 
yet determined) have been found on both the Asiatic and American shores of 
the N. Pacific, in addition to those recorded by Middendorff, v. Brit. Assoc. 


Report, p. 223. 
Terebratella Coreanica. Cardium modestum. 
Waldheimia Californica. Amusium caurinum. 
Waldheimia pulvinata. Placunanomia macroschisma. 
Waldheimia Grayi. Crepidula grandis. 
Glycimeris generosa. illia inermis. 
Schisotherus Nuttallii. Lunatia pallida. — 
Solen sicarius. Priene ensis. 
Sanguinolaria Nuttallii. Cerostoma foliatum. 
Tellina Bodegenais. Siphonalia Kellettii. 


128, The Vancouver and Californian districts have so many characteristic 
species in common (111 out of 492), that they must be regarded as con- 
. stituting one fauna, differing as do the British and Mediterranean regions. 


Full 


Dr. Cooper’s Report to the Californian Geological Survey. 
specially noted, viz. the great peculiarity of the island-fauna. 


however, be here 


particulars as to the range of the different species may be expected in 


One fact must, 


Although the Sta. Barbara group are so near the mainland, the dredge has 
not only produced many species not known on the continent, but also many 
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before considered as essentially tropical. Along with these are not only some 
species of types hitherto regarded as almost exclusively Asiatic, as Verticord:a, 
Solariella, and Fulvia modesta, but also some which belong to the sub-boreal 
district, as Lucina borealis, Venericardia borealis, and Crenella decussata. The 
latter belongs to the British, and not to the N. England form. 

129. Ofthe blendingof the temperate and tropical faunas on the peninsula of 
L, California we are stillin ignorance. All we know is, that at Margarita Bay 
the shells are still tropical, and that at Cerros Island they are strangely inter- 
mixed. There is peculiarevidence of connexion between the faunas of the penin- 
sula and of S. America, not only in the land-shells (v. anéed, p. 630), but in 
some of the marine forms. Beside identical species with wide range, as many (:- 
lyptreids, the following are coordinate between the North and South Pacifie:— 

Upper and Lower California. South America. 


etastoma Darwinii. N. Darwinii. 
Solecurtus Californianus. S. Dombeyi. 
Semele rupium. (Ditto, Galapagos.) 
Callista var. puella. C. pannosa. 
Chama pellucida. C. pellucida. 
Liocardium substriatum. L. Elenense. 
Axinwa (Barbarensis.) A. intermedia. 
Verticordia novemcostata. V. ornata. 
Pecten sequisulcatus. P. ventricosus. 
Siphonaria thersites. 8. lateralis, &c. 
Tonicia lineata. T. lineolata. 
Acmea patina. A. scutum, D’ Orb. 
Acmsa persona. A. “QOregona,” 2. C. 
Scurria mitra. S. scurra. 
Chlorostoma funebrale. C. meestum. 
Mitra maura. M. maura. 
Ranella Californica. R. ventricosa. 
Priene Oregonensis. P. cancellata. 
Trophon multicostatus. T. Magellanicus. 


Time and space do not avail for pointing out further relations with exot 
faunas; which indeed will be performed with greater correctness after Dr. 
Cooper shall have published his complete lists. 

130. For the sake of avoiding the inconvenience of trinomial nomenclature, 
the subgeneric and varietal names have often been cited in this Report instead 
of the generic and specific, in order that the exact form of the shell quoted 
might be more quickly determined. The diagnoses of all the new spccié 
here tabulated are written for the press, and will shortly appear in the dif- 
ferent scientific journals. Additional specimens will probably prove severt! 
forms to be conspecific which are here treated as distinct. In the preeett 
atate of the science, absolute certainty is not to be attained. The object of 
the writer* has been principally to bring together the works of his prede- 
cessors, and so to arrange and describe the new materials. that those who 
continue his labours may be able to draw their own conclusions from existilg 
data. In order to facilitate reference, a brief index is here given of the 
subject-matter of the former and of the present Reports. 


* Tho best thanks of the writer are due to Hugh Cuming, Esq., for the free use of his 
collection ; to Messrs. H. & A. Adams, Hanley, Reeve, and Sowerby, for sid in identifyiné 
specimens ; to the officers and naturalists connected with the Smithsonian Institut00i 
to Dr. A. A. Gould, for very valuable corrections ; and generally to authors and friends 
who have kindly rendered him all the assistance in their power. He earnestly invilé 
criticisms on the subject-matter of the two Reports ; in order that they may be embodies 
and errors corrected, in the Manuals of the West-Coast Mollusca which bc has un 
to prepare for the Smithsonian Institution. 

Warrington, dug. 22nd, 1864. 
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Report on Steam-Boiler Explosions. 
By Professor Atry, F.R.S., Astronomer Royal. 


In considering the cause of the extensive mischief done by the bursting of 8 
high-pressure steam-boiler, it is evident that the small quantity of gtea 
contained in the steam-chamber has very little to do with it. That steam 

may immediately produce the rupture; but as soon as the rupture is 

and some steam escapes, and the pressure on the water is diminished, 4 
portion of the water is immediately converted into steam at a alightly low’ 
temperature and lower pressure; and this in the same way is oy 
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other steam at a still lower temperature and pressure; and so on, till the 
temperature is reduced to 212° F., and the pressure to0. Then there remains 
in the boiler a portion of water at the boiling-point, the other portion having 
gone off in the shape of steam of continually diminishing pressure. From 
this it is evident that the destructive energy of the steam, when a certain 
pressure is shown by the steam-gauge, is proportional to the quantity of 
water in the boiler. 

I have long desired to possess myself of some theory and experiments 
which would enable me to form a numerical estimate of the proportion 
between the quantity of water at a given temperature and its destructive 
power. Several years ago I corresponded on this subject with my friend 
Professor W. H. Miller, of Cambridge; but it appeared difficult then to find 
sufficient materials for a certain conclusion. In the present year I again 
requested him to take up the subject; and I received from him a complete 
theory on the generation of steam in the way which I have described, with 
references to the latest trustworthy experiments bearing on the subject. I 
also received from him references to the experiments of the French General 
Didion, illustrating the power of gunpowder in cannons. About the same 
time, by the kindness of Messrs. Ransomes and Sims, of Ipswich, experiments 
had been made, at my request, by their able engineering superintendent, George 
A. Biddell, Esq., on the quantity of water which does actually escape in steam 
from a boiler in which the pressure has been raised to 60 lbs. per square inch. 
The result of this experiment agreed well with Professor Miller’s theory, 
suggesting only a small correction, which Professor Miller refers, and, I 
doubt not, justly, to the iron of the boiler. From these I have been able to 
obtain a result which I believe to be worthy of every confidence. 

I will first state, as the immediate result of Mr. Biddell’s experiments, 
that when there were, in the boiler of a small locomotive, 22 cubic feet of 
water at the pressure of 60 lbs. per square inch, and the fire was raked out, and 
the steam was allowed gently to escape with perfect security against priming, 
the quantity of water which passed off before the pressure was reduced to 0 
was 23 cubic feet, or one-eighth of the whole. 

In regard to the use made of Professor Miller’s theory, Professor Miller 
had succeeded in obtaining a numerical expression for the pressure of the 
steam at twelve different measures of the volume occupied by water and steam, 
which expression I have succeeded in integrating accurately; and [ have 
thus obtained an accurate numerical expression for the destructive energy 
of the steam. In regard to the use of General Didion’s experiments, these 
experiments give the velocity of the ball, in cannon of different sizes, pro- 
duced by different charges of powder. I have found, by trial with the formula 

We? 


5g x weight of powder’ which of these experiments exhibits the greatest 


energy per kilogramme of powder, and have adopted it in the comparison. 

The result is as follows :— 

The destructive energy of one cubic foot of water, at 60 Ibs. pressure per 
square inch, is equal to the destructive energy of two English pounds of 
gunpowder in General Didion’s cannon-experiments. 

General Didion’s experiments were made, as I understand, with smooth- 
bored cannon. It cannot be doubted that much energy is lost in the windage, 
some also from the circumstance that the propelling power ceases at the 
muzzle of the gun before all the energy is expended, and some from the 
coolness of the metal. If we suppose that, from all causes, one-half of the 
energy was lost, then we have this simple result :— 
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The gauge-pressure being 60 lbs. per square inch, one cubic foot of water 
is as destructive as one pound of gunpowder. 

In one of Mr. Biddell’s experiments, the steam-valve was opened rather 
suddenly, and the steam escaped instantly with a report like that of a very 
heavy piece of ordnance. This is not to be wondered at; for it appears, from 
the comparison above, that the effect was the same as that of firing a cannon 
whose charge is 44 lbs. of powder. 


Observations on the Electrical Resistance and Electrification of some 
Insulating Materials under Pressures up to 300 Atmospheres. By 
C. W. Sremens, C.E., F.R.S. 


Ir has been repeatedly observed that the insulation-resistance of deep-sea 
cables improves on their being submerged, unless the cables be absolutely 
faulty. But it remained for a long time an open question whether this 
improvement was to be ascribed to the pressure of the water or only to the 
lower temperature at the bottom. This question has, however, been set 4: 
rest by the electrical tests applied to the Malta-Alexandria cable at the 
Gutta-percha Works, Mr. Reid’s arrangements enabling me to subject the 
coils, during their electrical examination, to a pressure of 600 Ibs. on the 
square inch. 

Before pressure was put on, the coils were always immersed for 24 hours 
in water, at a constant temperature of 24°C. The electrical resistance of 
the insulating covering of each knot of the conductor was measured before, 
during, and after pressure, the temperature of the pressure-tank being always 
maintained at 24°C. The average improvement of the insulation under this 
pressure, after the zinc current had been kept to the cable during one minute, 
was found to be nearly 14 per cent., or assuming the improvement to te 
directly proportional to the pressure shown by the gauge, the resistance Rp 
of any coil of this cable under the pressure P, in lbs., per square inch, whow 
resistance at atmospheric pressure was R, would be expressed by 

Rp=R (1+ 0:00023P). 
The observations of which the coefficient 0:00023 is a mean would be to 
voluminous to repeat here; the principal part of them is included in the 
weckly reports on the electrical conditions of the cable during its manufacture. 

A pressure-tank has since been constructed at the Gutta-percha Works, in 
which a considerably greater pressure can be attained. I have taken advan- 
tage of this, to have the separate knots of the core of the Oran-Carthagena 
cable, now in course of manufacture, tested under a pressure of 300 atmo- 
spheres—fully equal to that to which the cable will be exposed at the bottom 
of the Mediterranean *. 

The same opportunity has enabled me also to make a few experiments with 
a view to determine the dependence of the insulation-resistances of gutta 
percha, india-rubber, and of a combination of both these materials from ex- 
ternal pressure. I have further extended the experiments to ascertain the 
ratio of increase of the insulation-resistances by polarization or clectrification 
under different pressures. 

The results are collected in the following Tables :— 


* The depth of the Mediterranean in that part does not exceed 1500 fathoms. 
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Tasix I1.—Gutta-percha-covered Wire. 


. AR _4R {| RB AR R. AR 
in.| 151. 4P. | 3 min.| 192. AP. | 1 min.| 145. AP. |3 min. | 179. AP. 


Htemarks.—* The cable had been put to earth for a considerable time before these 
measurements were made, and was put to earth for 15 min. after each 3 min. test. 


Taste I1.—Gutta-percha-covered Wire (No. 22). 


14 minutes. 19 minutes. 
BR | sap 
millions. 

854 | 0.0037 
452 

0-0048 
579 | 0.0065 
762 | 0.0084 
841 


Remarks.—° Between each series of observations the cable was put to earth for 
two hours. t+ Immediately after pressure. { Three hours after pressure. 


Tasre I1].—Gutta-percha-covered Wire (No. 22). 


ee ee a NNR ss 


h m 

7 0 Current had been kept on the cable 
7 «6 half-an-hour to complete the elec- 
7 9 trification previous to taking the 
7 2 first reading, and was not inter- 
7 22 rupted during the series. 

7 28 

7 $i 

7 89 

7 42 

0 0 


—_ 
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‘Taste IV.—India-rubber-covered Wire. 


Zinc-current had been half-an-hour 
to cable to complete electrifica- 
tion, and kept on during the ob- | 
servations uninterru 
i ing was scarcely made, 
when the needle of the vano- 
meter showed a consid: e fault 
to have occurred. The fault was 
pie etn found to be in the 
8 -box. 


TasLe V.—Indta-rubber-covered Wire. 


| 4 minutes. 9 minutes. 14 minutes. 
| “AR 
| R. | a7ap. 

87 |—0-0016 

72 |—° 

64 —00012 

65 +00002 

l1| — 

87 


Remarks.—° Cable to earth two hours between each series. + Immediately after 
pressure. { Three hours after pressure, 


Taste VI.— Wire covered with India-rubber and Gutta percha (No. 13). 
| 


| 
Remarks. 


Zinc-current had been kept on the | 
cable during an hour before the first 
reading was made, and not inter- | 
rupted during the series. | 
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Taste VII.— Wire covered with India-rubber and Gutta percha (No. 27). 


Remarks. 


hm 
2 0 00021 Current had been on 1} hour, 
2 10 
00019 
. 218 0:0019 
2 27 
2 40 00028 . 
2 47 __ | Immediately after pressure. 
2 56 Ten minutes after pressure. 


Tables I., II., and ITI. contain the results of experiments with gutta-percha 
cables. The gutta-percha-covered conductor used consisted of coils of copper 
strand (three wires), weighing 72 lbs. per knot, and covered to 0°26 inch with 
three coatings of gutta percha, with intervening thin layers of Chatterton’s 
compound. The length of each of the coils was about a knot, and two of 
them were always placed in the pressure-tank at the same time; but they 
were tested separately. ' 

The coils, which had been for twenty-four hours previously maintained at 
a constant temperature, were placed in the pressure-tank, which was kept 
during the experiments at the same temperature. One end was sealed, and 
the other passed through a stuffing-box in the side of the tank to the teating- 
board, 

When the coils were in the tank, a vacuum was first made, then the water 
admitted, and, finally, the pressure put on in stages of 75 atmospheres, until 
the pressure of 300 atmospheres was attained. 

The battery-power used was uniformly 200 elements (Daniell’s). : 

The resistances given in the Tables are reduced from the deflections of a 
Dubois’ zinc galvanometer, and are expressed in millions of mercury (métre) 
units. 

Table I. contains the results of some measurements of electrical resistance 
of the coils, noted after the current had been active for one and three minutes 
respectively, at various pressures. The cable was put to earth for a sufficient 
time between the readings, under different pressures, to prevent the residuum, 
or electrification by the current, of one test interfering with the values ob- 
tained for the next test. 


The columns headed —- in the Tables give the ratios of increase of re- 


sistance due toa unit of pressure. The other columns are self-explanatory. 

The experiments recorded in Table II. were made to determine the effect 
of pressure on the capacity for electrification of gutta percha. It is well 
known that the apparent insulation of gutta percha increases during the first 
half-hour from the moment the battery is put to it, after which it becomes 
nearly constant. The observations in this instance were continued for 19 
minutes after making contact with the battery. 

The first series of readings were made under atmospheric pressure after 1, 
4, 9, 14, and 19 minutes’ continuance of current respectively. The cable was 
then put, for two hours, to earth. Similar series were made under various 
pressures up to 300 atmospheres, putting the cable betwoen each series ta 

2r2 
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earth for the same length of time; also two such series without preerure, the 
first immediately after taking off the pressure, the other after the cable had 
been three hours to earth. 


It appears from the coefficients in the columns headed —- in this Table, 


that pressure has no marked influence on the electrification of gutta perchs: 
the relative amount of electrification being, in all cases, only a function of the 
time during which the current is kept on. The same constancy of electrical 
resistance or electrification was observed in regard to differences of temper- 
ture by Mr. Fleeming Jenkin as early as 1859 *. 

In the measurements recorded in Table III., the electrification of the cable 
was completed under atmospheric pressure before taking the first reading. 
The pressure was then raised to 75 atmospheres, under which the resistance 
was observed. The pressure was then taken off, and the resistance observed 
again. Readings were then made alternately under atmospheric pressure and 
pressures increased each time by 75 atmospheres. 

It will be observed that the resistance of the insulating covering increased 
on the application of the pressure of 75 atmospheres from 380 to 490 milhons, 
and on taking off this pressure did not, as might have been expected, mune- 
diately fall back again to its original value, but only after an interval of 
three hours. 

The coefficients in Tables I., II., and ITI. are on an average the same # 
those obtained with the core of the Malta-Alexandria cable. 

I may farther mention here that the tests were extended to measuring the 
induction of the insulating materials. The results proved that the inductite 
capacity of gutta percha ts not affected by pressure. 

Being desirous to ascertain whether the same physical laws indicated by 
these observations were equally applicable to other insulating materials, | 
subjected a length of wire covered with india-rubber to the same test. 4 
length of half-a-mile of copper wire, No. 16, B. W. G., which had been covered 
with three coats of masticated india-rubber by the longitudinal process mtr- 
duced by me some years ago, was kindly placed at my disposal by the Gutts- 
percha Company, after having been submerged in the canal at Wharf Roed 
for a period of about 18 months. At the ends where the core had been exposed 
to the air and light, the india-rubber had turned into a viscid mass, but, = 
raising the coil out of the water, it was found to be perfectly sound, although 
the india-rabber had turned white by absorption of water, and was completely 
covered with vegetable and animal substances. Its electrical resistance, &- 
cording to the testa of Dr. Esselbach and of Mr. Willoughby Smith, Electric 
to the Company, was still very high. 

Table IV. contains the resistances of the india-rubber coating, in millions 
of units, after the zinc-current had been kept half-an-hour on, under various 
pressures ; and Table V. the resistances under different pressures read off after 
the current had been on 1, 4, 9, 14, and 19 minutes respectively. 

From the test in the former of these Tables, the surprising fact was demon- 
strated that the electrical resistance of tndia-rubber decreases as the pressure 4 
increased, being the reverse of the behaviour of gutta percha. 

The vertical columns in Table V. corroborate this, whilst the horizons! 
columns (showing the resistance after the current had been active during tht 
stated intervals of time under various pressures) indicate this further rematk- 
able difference between the two insulating materials, that whereas, m the 

* Report of the Twenty-ninth Meeting of the British Association at Aberdeen in 185%. 
Trans. of Sect. p. 248. 
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case of gutta percha, the increase of electrification is proportional to the in- 
crease of electrical resistance by pressure, the electrification of india-rubber 
decreases with the pressure in a ratio surpassing the decrease of electrical 
resistance. 

Struck by this extraordinary difference in the effects of pressure upon these 
two materials, I next submitted to my tests a wire covered first with india- 
rubber by the longitudinal process, and thereupon with gutta percha to the 
thickness of 0-175 inch. 

In submitting a wire so covered to pressure, I made certain that the results 
obtained could not be influenced by any direct action of the water upon the 
india-rubber by absorption or otherwise, owing to the intervention of the. 
gutta percha. 

Tables VI. and VII. contain the resistances of the insulating materials at 
different pressures, the electrification being completed. 

These observations are interesting in so far as they confirm the foregoing 
results with gutta percha and india-rubber, the coefficients being a mean 
between those of the two materials separately, as will be seen by the 
following :— 

Mean of coefficients for gutta percha from Tables I., II., and III... +0-0041. 


The same for india-rubber from Tables IV. and V. ............ — 0:0009. 
The same for both these materials combined from Tables VI. and VII. +-0-0016. 


The accompanying diagram, constructed from Tables III., IV., and VIL., 
is added to give a graphic representation of the variations observed in the 
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electrical resistances under increasing pressures. The abscissie represent 
pressures, and the ordinates the electrical resistances when the maximum of 
electrification was attained. 
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These results go to prove that external pressure exercises a decided influence 
upon the electrical condition of gutta percha and india-rabber, and probably 
upon every other substance in nature. They go to prove, moreover, that this 
change of electrical condition cannot be attributed to general physical lawe,— 
as, for instance, to the supposition that the nearer approach of the particles 
under the influence of external pressure interferes with their transmission of 
electrical motion,—but must be referred to the specific atomic arrangement d 
the material in question. 

' It appears to me desirable that these researches should be extended to other 
materials, including both good and bad conductors, in order to arrive at more 
satisfactory general conclusions ; but such experiments are of a difficalt and 
expensive nature, and I thought that even the few results I have put together 
in this paper would be acceptable to the Association. 


On the Construction of Iron Ships and the Progress of Iron Shipbeild- 
ing on the Tyne, Wear, and Tees. By Cuantes M. PaLMEz. 


Tue art of constructing ships dates from remote antiquity, and we find in 
history, sacred and profane, many particulars of the ships in use in ancient 
times. As civilization advanced, and the science of navigation became better 
understood, ships increased in size, strength, capacity, and speed. Year after 
year brought its improvements, century after century its changes, until the 
art of shipbuilding in wood approached perfection, and the rude coractes 
and row galleys of our forefathers had given place to the clipper-ship, with 
its fine lines, tapering masts, and flowing canvas, the merchantman drivet 
by steam at a high speed across the ocean, and the three-decked, steam- 
propelled man-of-wur. Then a demand arose for vessels of a still higher 
character—merchantmen possessing still greater speed, men-of-war sufi- 
ciently powerful to resist the destructive shot and shell which the genius 
men like our friend and townsman, the President of the Association, ¥% 
inventing. With wood as the material to be employed, this demand could 
not be met; but human skill was equal to the emergency. The importast 
discovery was made that “ships built of iron float lighter, strength for 
strength, than ships built of wood ;” and although for many years the pre 
judices of some men and the interests of others prevented the general adop- 
tion of the principle, it eventually triumphed, and now iron is rapidly supet 
seding wood as material of which ships are constructed. 

The principal advantages that are claimed for ships of iron, as compared 
with vessels of timber, are briefly these :— 

In vessels of 1000 tons the iron ship will weigh 35 per oenty less than 
the timber vessel, the displacement of water being the same. The 12 
ship will therefore carry more weight, and as the sides are only about ont 
half the thickness, there will consequently be more space for cargo. The 
additional strength obtainable, too, allows iron ships to be built much Jonge? 
and with finer lines, thus ensuring higher sailing or steaming qualities, with 
greater carrying power, and therefore greater commercial results. In 
wooden vessels, repairs of ruinous extent are frequently required, while the 
repairs in iron ships are generally of a lighter character, and ure only needed 
at long intervals. An iron ship is not liable to strain in a heavy 
whereas the straining of a timber vessel often damages a valuable cargo. Th 
bilges of an iron ship can be kept clean and free from the disease-engenden™s 
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bilge-water which is always found in a wooden ship. Moreover, the use of 
iron masts, steel yards, and wire rigging effects a very large saving of weight, 

and affords the greatest facilities for the application of patent reefing sails 
and other appliances by which economy of labour is attained, and many risks 
of loss of human life avoided. 

As to the form of building iron ships, and the manner of combining the 
iron so as to obtain the requisite amount of strength with the least amount 
of material, much difforence of opinion exists amongst practical men. The 
angle-iron frame and plating of the iron vessel take respectively the places 
of the timbers and planking of the wooden ship; and it has been found by 
experience that plating qth th of an inch thick is equivalent in effect to 
planking of oak dne inch thick, while plating }}ths of an inch thick is equal 
to planking of oak 5 inches thick. As in the largest American wooden 
‘vessels the plank is seldom more than 5 inches thick, so it may be argued 
on the above data that the plating of the largest iron ship need not be more 
than }jths thick; and that any strength required above that which such 
plating would give, should be obtained by means of framework. Many 
practical men, however, advocate the system of light framework, and, in order 
to obtain the measure of strength necessary, the application of thicker plates. 
That the principle of strong framing and plating of moderate thickness is 
most advantageous, may be shown by many facts other than those which 
are derived from the most modern practice of wood shipbuilding. The 
strength of an iron ship, as in a girder, depends on its capability to resist 
the: buckling and tensile strains that it is called on to bear; but I believe 
that we have in reality only to make a ship strong enough to resist the 
buckling strain; and I am led to this conclusion by experiments conducted 
for that celebrated work, the Britannia Bridge, which proved that in con~ 
stractions of wrought iron the resistance to the tensile strain is much greater 
than the resistance to buckle, and, in consequence, the upper parts of the 
girders are made much stronger than the lower parts. We have, in my 
opinion, to make the parts of an iron ship, in principle, like a girder. A 
girder, however, is at rest and the strains are always 1 in some known direc- 
tion ; but in a ship whose position is ever varying, it requires to be so con- 
structed as to resist the strains in such varied positions. If the side of a 
ship could remain, as in a girder, constantly vertical, then the advocates for 
the thick plates and small frames might be able to show that their system 
was the most economical way to obtain the requisite strength ; but as such side, 
if laid over, as it is in a ship at sea, would, without support, bend or buckle 
of its own weight, tt is evident that the framing 1s absolutely necessary to keep 
the plating firm in position, and consequently the strength of the ship de- 
pends in a very great degree on the strength of the framing. Another fact 
that shows the economy of strong frames, is that a plate, with a piece of angle- 
iron attached to its edge, would bear much more before buckling than a 
similar plate increased in thickness so as to weigh the same as the plate 
and angle-iron. But the great and most important argument in favour of. 
moderately thick plates and strong framing is, that all the work must be 
put together by hand; for though many attempts have been made to rivet 
shipe by machinery, none seem yet to have been successful even in a me- 
chanical point of view. So soon, therefore, as the thickness of plates and the 
size of the rivets pass the point at which the workman with ordinary ex-. 
ertion can accomplish good work, then the attachment of the parts by means 
of riveting is subject to the risks of imperfect workmanship. It is, there- 
fore, my opinion, both in a practical and theoretical point of view, that we 
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ought not to use plating in any veesel, however large, more than about three- 
quarters of an inch thick. 

In the early period of iron shipbuilding the frames were generally con- 
posed of simple bars of angle-iron, but they are now usually doubled by a 
reverse bar, which is riveted on the principal bar, so as to make a frame 
whose cross section is like the letter Z, and this form is perhaps as strong ss 
any that could with economy be obtained. In some large ships, plates of irea 
on edge were placed between the angle-irons so as to enlarge the section. 
The frame thus formed required longitudinal supports to bind it together, 
and those all-important strengthening pieces, called stringers, box and other 
keelsons were introduced. The great advantage of these appliances is, that 
they may be placed exactly where the ship requires suppoft, and that, tov, 
with the least possible amount of iron. As to the application of thes 
stringers and keelsons, the shipbuilder must be guided by the form, propor- 
tions, and other circumstances connected with the construction of the ship. 

To show how far this system of longitudinal framing may be carried with 
success, I may point to the ship ‘Richard Cobden,’ designed by Mr. Guppy (known 
in connexion with the construction of the ‘Great Britain’) in 1844. This 
vessel was framed so as to leave rectangular spaces to be covered with the 
outside plating; these spaces were 2} feet vertically, and 5 and 6 feet 
horizontally, and in no part of this highly successful construction were the 
plates more than §ths thick. 

As to the riveting, which is of the utmost importance in shipbuilding, | 
shall say a few words. , In making boilers, single riveting is usually 
but there the strain is constantly in one direction. In ships the direction of 
the strain is changeable as the vessel moves ; therefore double, and in som 
oases triple riveting has been used with great advantage. Mr. Fairba 
estimates that the tensile effect of single riveting is represented by 5 
double riveting by 70, and triple riveting by 90, and these proporti 
would appear to hold good whether in chain or zigzag riveting. The former, 
however, has been shown by experiment to have an advantage over the latter 
of about 20 per cent. in the tensile strain. 

In concluding this necessarily brief acoount of the general principle 0 
which iron ships are constructed, I may mention that the only objectious 
that can reasonably be urged against ships made of this material, are thst the 
compasses are difficult of adjustment, and that the bottoms get foul. Ids, 
however, hope that science, in the promotion of which the British Aseociahon 
is so powerful an agent, may in a short time show us how both these difi- 
culties may be overcome. 

I now proceed to what is perhaps the more interesting division of th 
paper, viz., a sketch of the progress of iron shipbuilding on the Tyne, Wes", 
and Tees. 

For a very long period the district of the Tyne, Wear, and Tees has beet 
famous for its shipping. A committee of the House of Commons, thst st 
so far back as the year 1642, designated Newcastle as “the nursery for 
shipping,” and Defoe, writing of the Tyne in 1727, states that “they b 
ships here to perfection—I mean as to strength and firmness, and to bet! 
the sea.” 

The history of iron shipbuilding in this district does not commence, bow ’ 
ever, until the year 1840. In March of that year, the ‘John Garrow, # 
Liverpool, a vessel of 800 tons burthen, the first iron ship seen in thesente™ 
arrived at Shields, and caused considerable excitement. A  shipbuiliits 
firm st Walker commenced to use the new material almost immediately, ™ 
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on the 23rd of September, 1842, the iron steamer ‘ Prince Albert’ glided from 
Walker slipway into the waters of the Tyne. 

During the next eight or ten years very little progress was made. The 
veesels mostly in demand were colliers, and no one thought of applying iron 
im their construction; but about the year 1850, the carriage of coals by 
railway began seriously to affect the sale of north-country coal in the London 
market, and it became essential, in the interest of the coal-owners and others, 
to devise some means of conveying the staple produce of this district to 
London in an expeditious, regular, and at the same time economical manner. 
To accomplish this object, I caused an iron screw steamer to be designed in: 
such a manner as to secure the greatest possible capacity, with engines only 
sufficiently powerfal to ensure her making her voyages with regularity. 
This vessel, the ‘ John Bowes,’ the first screw collier, was built to carry 650 
tons, and to steam about nine miles an hour. To the success of this experi- 
ment may be attributed, in a great measure, the present important develop- 
ment of iron shipbuilding in this district, and the fact that we continue to 
supply so largely the London market with coals. On her first voyage, the 
‘John Bowes’ was laden with 650 tons of coals in four hours; in forty- 
eight hours she arrived in London ; in twenty-four hours she discharged her 
cargo; and in forty-eight hours more she was again in the Tyne; so that 
in five days she performed successfully an amount of work that would have 
taken two average-sized sailing colliers upwards of a month to accomplish. 

The amount of prejudice with which nautical men, and persons engaged 
in the shipping and coal trades, opposed the introduction of serew colliers 
was great. They argued that it would be impossible for steamers carrying 
650 tons of coals, and costing about £10,000, to compete with vessels that 
consumed no fuel, and which, though carrying only half the quantity, cost little 
more than £1000, or only one-tenth the amount. I was, however, confident 
of the result, and persisted in the development of the system. How far my 
views have proved correct will be borne out by the following Table, which 
shows the number of cargoes and tons of coals imported into London by 
screw steamers in each year, from July 31, 1852 (the date of entry of the 
first screw steamer, ‘John Bowes’) to June 30, 1863 :— 


1852 17... making 9483 
1853 123 " 69,934 
2 se wee we 3 see ” + 199,974 
i855 ... Crimean War ... at ves " » 85,584 
185 vee vee we IQ we » -»» 238,597 
1857 977 ‘” - 547,099 
1858 eee eee coe FIDZ ane ” «+ §99,527 
1859 ... Italian War ... 899 ... i + 544,61 
1860 i ves ... 1069... 8 -. 672,47 
1861 wee wee we 1299... 7 .-» 861,991 
1862 wes wee vee 1G237 eee ” ose §=929,825 
1863 Half-year ending June... 714 ... ” »»+ 463,609 
§,212,733 


By this Table it is seen that a total quantity of 5,212,713 tons of coals 
have been imported into London by screw colliers, and, in addition to this, 
large and increasing quantities have been taken to other ports both in this 
country and abroad. Since its first introduction, too, the screw collier has 
been greatly improved, and the facilities for loading and discharging very 
largely augmented. The screw collier ‘James Dixon’ frequently receives 
1200 tons of coals in four hours, makes her passage to London in thirty-two 
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hours, there (by means of the hydraulic machinery which our President 
invented, amongst the other inventions which distinguish his name) ds- 
charges her cargo in ten hours, returns in thirty-two hours, and thus cm- 
pletes her voyage in seventy-six hours. The ‘James Dixon’ made fifty-seves 
voyages to London in one year, and in that year delivered 62,842 tus ¢ 
coals, and this with a crew of only twenty-one persons. To accomplish ths 
work on the old system with sailing colliers would have required axa 
ships, and 144 hands to man them. 

One of the great difficulties we had to encounter in perfecting these vewds 
was in the ballasting. To dispense with the necessity of shipping shingle « 
chalk as ballast, many costly experiments were tried, and at length, by: 
system of double bottoms, the construction of which adds to the strength d 
the ships, the ballasting of the vessels with water was brought to a highly 
satisfactory result. The water is allowed to run into the spaces between the 
two shells as the vessels pass down the Thames; when the spaces are full 
the cocks are closed, and so remain until the arrival in the Tyne, when te — 
water is pumped out by means of an apparatus provided for the purpose 
This system allows the vessel to be ballasted without loss of time at athe — 
end of her voyage, and does not impair in the slightest degree her power — 
carrying coals. The introduction of the screw collier has revolutionised th 
coal-carrying trade, and has had a most beneficial effect upon commer? 
generally. Besides accomplishing the purpose for which it was designed 
this class of vessel has been proved capable of rendering very importa! 
services to the Royal Navy. When, in the latter part of the year 154, 
information reached this country that the commissariat department of 
army in the Crimea had broken down, and that the salvation of our troop! 
depended upon a rapid: despatch of supplies, it was found that screw colle 
were admirably adapted for the work, and the majority of them were temp 
rarily taken out of the coal trade and employed in ‘the transport sarnt. 
The Government admitted on that occasion that screw colliers had proved 
to ne more useful and economical than any other class of vessels they bal 
employed. 

In the year following the launch of the ‘John Bowes, namely, in 1643, 
the first iron vessel built on the Wear was released from its blocks. Ti 
Tees, with great energy and considerable success, followed the example, & 
on both those rivers, as we shall see presently, a very considerable trade 2 
iron shipbuilding is carried on. 

The first iron vessel for war purposes constructed in this district ¥¥ 
‘The Terror, one of the large iron-cased floating batteries designed dans 
the Russian war to operate against Cronstadt. This vessel, of 2000 tom 
250 horse-power, carrying 26 sixty-eight-pounder guns, was built in thre 
and a half months, and she would have been completed in three months 
not the declaration of peace slackened the energies of our men, which, up # 
that time, had been maintained so nobly by their patriotic feelings. 

It was in the building of this vessel that rolled armour-plates were {rt 
used, The demand for forged armour-plates was so great that the forg® at 
the kingdom could not supply it, and recourse to rolling was unavoidsble 
At that time the largest plate mill was at Parkgate, and we acco 
employed Messrs. Beale and Co., the owners of Parkgate works, to roll the 
plates we required. To the use of these rolled plates, however, the Adsniralty 
opposed itself; but we feeling convinced, by experiments which we 
that the rolled armour-plates were at least equal to the forged, invited 
Admiralty to a trial of their efficiency. 


ON THE CONSTRUCTION OF IRON SHIPS. 699 


We built a target 9 feet square, on a plan which we thought might be 
advantageously adopted for large vessels of war, and on the cellular principle. 
The cells we filled with compressed cotton, which we had found by experiment 
to be very effectual in stopping shot. On this target was a thin teak backing ; 
on the teak were bolted one hammered and two rolled plates. The target 
‘was bolted on to the side of an old wooden frigate at Portsmouth, under the 
direction of Captain Hewlett. The first shot fired at it missed the target, 
went through both sides of the frigate, and, to my great astonishment, 
skimmed over the surface of the water for nearly a mile. The firing showed 
that whilst the hammered plate split and cracked to pieces, the rolled plates 
‘were not broken, only indented, and were superior to the hammered plate in 
every respect. Unfortunately the target was not firmly bolted to the vessel, 
and it sprung at each shot, so that the bolts which held the armour-plates 
were broken, and they fell into the sea. 

A shot was then tried to test the resisting power of the compressed cotton, 
and it appeared to answer so well that Captain Hewlett advised a series of 
experiments to be made. The Admiralty were willing, but required us to 
provide the targets at our own expense. Having already spent upwards of 
£1000 on experiments for the good of the country, we declined this proposal ; 
nevertheless we had proved to the Admiralty this important fact, that the 
rolled plates were superior to the forged, and they have since been universally 
adopted. We claim, therefore, for this district the honour of being the first 
to prove the strength and utility of rolled armour-plates, since known and 
spoken of in Parliament as ‘‘ Palmer’s Rolled Plates.” 

While on this subject of armour plates, I may perhaps be allowed, as the 
builder of the iron-plated frigate ‘ Defence,’ to make a slight digression, in 
order to express an opinion upon the class of marine architecture to which 
that vessel belongs. The ‘ Defence,’ although in every respect a strong ship, 
does not combine all the strength which, with the same weight of material, 
might have been obtained ; and with respect to her model, it is my opinion 
that if she had had less rise and more floor, and so had drawn less water, 
she would have steamed faster, answered the helm quicker, and have proved 
in all respects more manageable and convenient. The Admiralty authorities, 
IE know, do not agree m this view, and they are at the present moment 
spending a large amount of money in the national dockyards for the express 
purpoee of building a class of vessels similar in construction to the ‘ Defence.’ 
In my opinion it is, to say the least, very questionable policy for the Admiralty 
to speculate in this kind of shipbuilding. Private builders exerted themselves 
greatly in the production of armour-plated frigates for the Government; these 
vessels were produced in much less time than would have been consumed in 
the naval dockyards, and in the matter of cost the difference must be greatly 
in favour of vessels built by contract. It is surprising to see the tenacity 
with which the Admiralty cling to wooden ships, notwithstanding the most 
overwhelming proofs that it is {ime to adopt iron exclusively. 

It was my desire to farnish the Association with accurate statistical dotails 
of the iron shipbuilding trade of these northern rivers, showing the quantity 
of iron consumed, the number of men directly employed, and the amount of 
tonnage launched per annum. But unfortunately my neighbours here, and 
on the Wear and Tees, with a few exceptions, were too much engaged to 
supply me with the statistics of their respective establishments. I have 
therefore estimated the several totals from such materials, aided by personal 
knowledge and experience, as I was able to obtain, and the following state- 
ment will, I think, be a pretty close approximation to accuracy :-— 
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the Tyne d the ne your 1862.. . 32,175 
Dine die nt the wee . Lee ves +s 15,608 
Ditto ditto on the Tees 

$7443 


The number of men annually employed in producing this quantity of ton- 
nage, exclusive of those engaged in the manufacture of engines, was— 


Men. 

On the Tyne eee oes wes ses vee eae -. 4060 
» Tees ... eee oes ees eee ase w-  1§50 
Total 8rt0 


The quantity of iron consumed during the &: same period i in n the constructioa 
of iron ships, was— 


On the tyne eee oes vos bee oes i eos 33,540 


Total «- 38,660 
The amount of iron tonnage at present on the stocks i in n this district is 2s 


follows :— 
Tona. 


On the Tyne ... ... nee sues nee wee 39D 
” CAF oo. eee cee eee eve eee eee 39,000 

” Tees coe eee eee eee eos eco eee 10,600 
Total . os - 62,600 


But these statistics show us only the ‘ebour that i is directly employed in 
the production of iron ships, and that, as we all know, is but a small propor- 
tion of the whole. It would indeed be difficult accurately to estimate the 
amount of labour that is indirectly concerned in this trade, as for instance in 
the manufacture of iron, the production of coals, the importation of timber, 
the construction of engines, and the supply of anchors, chains, sails, &c. 
Enough has been said, however, to prove that iron shipbuilding is one of the 
most important branches of industry in this great commercial and manufac- 
turing district. 

I may perhaps be allowed to deacribe very briefly the operations of my 
own firm, which, I trust, will prove of some interest, as showing the extent 
to which one establishment may be developed. In the first place, we obtain 
the greater portion of our limestone from our own mines. Ata point on the 
coast ten miles north of Whitby, the ironstone seams crop out in the sides of 
the cliffs, and here we have formed the small harbour of Port Mulgrave, 
where vessels can ride in safety, and ship their cargoes with ease and expe- 
dition. Between the Tyne and Port Mulgrave some of our steamers run 
direct, making on the average four voyages per week, whilst others of a 
larger class call to load stone on their return voyage from London. At 
Jarrow the ore is delivered to the furnaces by means of the Armstrong 
hydraulic cranes, and mixed with ores from Cumberland, Devonshire, and 
Lincolnshire ; thence it is passed to the mills, and from the mills to the ship- 
yards. The number of men employed in these operations is upwards of 3500. 
The number of tons of iron consumed per annum in our yards and engine 
works is about 18,000 tons. The amount of tonnage launched during the year 
ending the Ist August was 22,000 tons. We have 15,000 tons in course of 
construction, and orders spread over a period for 40,000 tons more. Amongst 
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these latter are steamers of. upwards of 3400 tons burthen, pronounced by 
their owners to be “ the finest and most complete merchant steamers ever 
built.” They are intended: to bring cotton from the Southern States of 
America, so soon as the unhappy war in that country shall cease, and they 
will no doubt be but the pioneers of others of a similar class. One of these 
steamers is of sufficient capacity to carry 7000 bales of cotton, and it is esti- 
mated that, during one year, she will bring from New Orleana to Liverpool 
38,000 bales. The crew of such a vessel consists of sixty hands, and it would 
require five sailing vessels of 1200 tons each, employing 130 seamen, to do 
the same work. 

A consideration of the future of the iron shipbuilding trade opens out a 
vast field for speculation, but the ultimate result is not difficult to anticipate. 
‘We have seen with what success sailing vessels have been superseded by 
steamers in the coasting and coal trades, and we know that magnificent fleets 
of steamers, engaged in the postal and other services, are ploughing almost 
every known sea. As commerce increases, there will be few trades in which 
the employment of iron steamers will not be found of advantage. Most of 
the carrying trade to the Baltic and Mediterranean is already conducted in 
vessels of that class, and the sailing ships that croes the North Atlantic are 
being rapidly displaced by iron steamers. Their advantages in strength, 
speed, and capacity are so marked, that sailing vessels of timber must give 
way before them. Even the Admiralty, cautious and unyielding though it 
be, will have to abandon its “ wooden walls” in favour of the stronger and 
more useful material—a material, too, that lies in rich profusion beneath our 
feet, and has not, like timber, to be purchased of other nations. The com- 
mercial men of this country have set the Admiralty a signal example of 
industry and enterprise. It is they who have made the experiments, and 
ado the inventions that have established the maritime supremacy of this 
country; and it is owing to their energy that we find on every sea, in the 
shallow rivers of the East, and the deep broad waters of the West, English- 
built ships of commerce diffusing the benefits of free trade, and linking 
nations and tribes together in the bonds of amity and peace. The true source 
of our national greatness is to be sought in this wonderful development of 
our merchant navy. Other nations are entering into friendly rivalry with us, 
but the larger share of the carrying trade of the world will ever be secured to 
that country that can produce vessels combining the largest capacity with the 
utmost amount of economy and expedition in construction, and that can at the 
same time navigate those vessels with the greatest degree of skill and rapidity. 

In conclusion, permit me to express the proud conviction I entertain that 
the mineral wealth of this district, and the skill and endurance of its work- 
men, whether on land or sea, will enable the locality that gave birth to an 
Armstrong and a Stephenson to maintain its character for maritime industry 
and enterprise, and to bear its full share in promoting the commercial great- 
ness of the country. ' 


On the Chemical Manufactures of the Northern Districts. By Tomas 
Ricwarpson, M.A., F.R.S.E.; J.C. Stevenson, F.C.S.; and R.C. 


CLAPHAM. 
Salt.—Salt-works were formerly very numerous in this district, establish- 
ments having been formed at Howdon Pans, Hartley Pans, Jarrow, North 
and South Shields, and other localities. This trade was carried on by several 
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of the most wealthy families in the neighbourhood, in the beginning of the 
last century, and about 200 pans were employed in producing salt, whic 
was extracted from sea-water and brine-springs. Shields salt was the mot 
celebrated salt in the kingdom, and was produced in such quantities at South 
Shields as to give a character, and even a nomenclature, to the town, wich 
to this day is divided into East Pan and West Pan Wards. The remains d 
a large hill are still to be seen, formed from the ash of the salt-pans. Afe 
a time, these ashes took fire, and Mr. R. W. Swinburne—to whom we ue 
indebted for this information—states that the Chapter of Durham are 2 
possession of a picture representing the burning hills at South Shields. The 
production of salt from sea-water in this locality has given place to thst 
obtained from the brine-springs and rock-salt of Cheshire, and the fact illus- 
trates what great changes take place in altering the locale of manufacture. 
A considerable quantity of white salt is still made, on the Tyne, from «s- 
water, in which rock-salt from Cheshire and Ireland is dissolved, in order to 
diminish the cost of evaporation. Two improvements have been successfull; 
introduced in making white salt, which have the saving of fuel as their objet. 
Mr. Wilkinson employs the waste heat of coke-ovens for this purpose; st 
Mr. Fryar dries whitening with the heat which escapes from his ealt-pens. 
Alkali ( for this and the last century).—Towards the end of the last center! 
two gentlemen, Mr. W. Losh and Mr. Thomas Doubleday, were engaged, 1- 
known to each other, with a series of experiments on the best plan of cat- 
verting common salt into carbonate of soda. These chemists appear to bet 
used very similar processes; and when the late Lord Dundonald came 
reside in the neighbourhood, he was soon on intimate terms with both 
parties. Both Mr. Losh and Mr. Doubleday tried numerous plans st bs 
lordship’s suggestion ; but after spending upwards of £1000, Mr. Doubled 
seems to have become tired of making an outlay which promised little 4 ¥ 
result. The first plan tried was to effect the decomposition of common si 
by means of oxide of lead, and to carbonate the caustic soda, while tle 
insoluble chloride of lead was heated to form a yellow pigment, long know 
as Turner’s yellow. Another process consisted in decomposing commaa eal 
by sulphate of iron. The resulting sulphate of soda was fluxed with «! 
and the sulphide of sodium which was formed was carbonated with sawdu. 
This plan was also worked, some time afterwards, at an alkali manufactr 
situated near Blyth. Another process, which was tried, was founded on the 
mutual decomposition of common salt and sulphate of potash. This opet* 
tion was always carried on by Mr. Losh and Mr. Doubleday whenever 
price of the two potash-salts allowed a profit to be made, and the chloride of 
potassium was regularly sold to the Yorkshire alum-makers. Mr. Lesh © 
sided in Paris in 1791, where he acquired a knowledge of chemistry, #4 
soon after his return home, a company was formed to manufactare sods * 
‘Walker. The original partners were Lords Dundas and Dundonald, Mest. 
Aubone, and John Surtees, and John and William Losh. They obtained 
their salt from a brine-spring found in a coal-pit at Walker, and the hear 
duty upon salt at that date, which was £36 per ton, was avoided by ev#?” 
rating a concentrated solution of the brine-spring with sulphuric acid; thas 
making sulphate of soda, and not salt. Another plan adopted by Mr. Le, 
to avoid the duty, was to add ground coke or ashes to the concentrating salt 
pan before the salt was formed, and use it, in this damaged condition, for the 
manufacture of sulphate of soda. This was about the year 1796 ; and Mast 
Doubleday and Easterby, in 1808, commenced making sulphate of sis ' 
‘ecomposing the waste salts from the soap-boilers, which consisted chiefly 
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common salt and some sulphate of soda. Their chief supply was obtained 
from the Messrs. Jamieson and other soap-boilers at Leith. They purchased 
their sulphuric acid at first, but between 1809 and 1810 they got the plans 
of chambers from Messrs. Tennant, of Glasgow, and erected the first chamber 
on the Tyne at Bill Quay. They imported the first cargo of sulphur from 
Sicily about the same time, and its arrival in the river excited great atten- 
tion. At first, the Government returned them the import duty on this sul- 
phur, which was used in making acid, and the present Mr, Doubleday re- 
members having received, at the end of the year, as much as £1500. This, 
however, only lasted some three or four years, when the duty was repealed. 
This firm, then trading under the name of Doubleday and KEasterby, also 
erected the first platina retort for making rectified oil of vitriol. This retort 
cost them £700, and before long they had three retorts in operation. The 
alkali which they made was used, in the crude state, in the manufacture of 
soap, in which they were also engaged. In 1816, after the conclusion of 
peace, Mr. Losh returned to Paris, where he learned the details of the present 
plan of decomposing sulphate of soda, which he immediately introduced in his 
works at Walker, and thus may be said to have been the father of the modern 
alkali trade in this country. Mr. Doubleday gave the plans of his chamber, 
farnaces, &c., to the Messrs. Cookson when they commenced their alkali- 
works at South Shields. This trade has been developed in an extraordinary 
manner in this locality, where about 47 per cent. of the whole produce of the 
United Kingdom is now manufactured. The peculiar advantages of the dis- 
trict are also being recognized by the fact that the celebrated firm of Messrs. 
Tennant have purchased land with the intention of removing the greater part 
of their works from Glasgow to the banks of the Tyne*. 

The following details will embrace a brief account of the source of the raw 
materials, and the various improvements which have been recently intro- 
duced :-— 

Source of Sulphur.— Until within the last few years, Sicilian sulphar was 
almost exclusively employed in this district for the manufacture of sulphuric 
acid,—the pyrites from Wicklow being the only other source of supply. This 
latter, however, was not sufficiently abundant to render the manufacturer 
independent of the great fluctuations which have recently taken place in the 
price of sulphur, on account of the demand consequent on the vine disease. 
During the last few years, the following additional sources of supply have 
been available :—l1st, the Belgian; 2nd, Norwegian ; 3rd, Spanish or Portu- 
guese; 4th, Italian; 5th, Westphalian pyrites. 1. The Belgian pyrites has 
the advantage of being shipped at Antwerp at a moderate freight to the Tyne. 
It is a very hard, compact material, containing about 50 per cent. of sulphur, 
and therefore nearly approaches a pure bisulphuret of iron. The burnt 
residue from one manufactory on the Tyne (the Walker Iron Works) after 
being roasted in a lime-kiln, to burn off the small remaining portion of sul- 
phur, is regularly used as an iron ore at the adjoining iron-works. It con- 
tains no copper, and from 3 to 5 per cent. of arsenic. 2. The Norwegian 


® Charles Cooper, an overman at Walker Colliery, informs us that he was employed by 
Mr. Losh in 1798, and that crystals of soda were then manufactured and sold by Mr. 
Losh. The salt obtained from the brine-spring on the premises was evaporated in small 
lead pans, and was afterwards decom by litharge. The soda so produced was cry- 
stallized in small lead cones; and when it had stood sufficiently long to orystallise, t 
cones were turned upside down to run off the mother liquor. The crystallizing process 
was then only carried on in the winter months. Mr. C. Hunter, of Walker, further 
informs us that in 1816 he sold about half a ton of soda for Mr. Losh, to a Mr. Anderson, 
of Whitby, at £60 per ton. 
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pyrites is shipped at Levanger. It contains 44 per cent. of sulphur, is easily 

broken, and does not flux in the kiln. The quantity of copper it contains 

being less than 1 per cent., the burnt residue cannot be profitably smelted 

for copper. 3. The most extensively used pyrites is shipped from Huelv, 

in Spain, and Pomeron, in Portugal. The mines are situated on each side 

of the boundary between the two countries. They were most extensively 

worked in ancient times, but their recent development has arisen from the 

use of the ore as a source of sulphur. Containing only from 2 to 4 per cent. 
of copper, it was unable to compete with the richer ores which, from time to 
time, became available in different parts of the world; but the mimng 1s 
now rendered profitable in consequence of the sulphur having acquired 1 
value as well as the copper. The percentage of sulphur varies from 46 to 
50. The practical difficulty in burning this ore, namely, its great fusibility 
at the point where the combustion of the sulphur gives rise to considerable 
heat, has been overcome by the adoption of kilns, first used in Lancashire, n 
which the area of the surface is large in proportion to the weight of the 
charge of pyrites. The use of cupreous pyrites has led to the introduction d 
the manufacture of copper on the Tyne, which will this year amount to be- 
tween 700 and 800 tons. The ordinary process of smelting is employed; tt 
the moist method is also being tried, the advantage being, that by this 
method all the ingredients of the mineral are utilized, the oxide of inn 
making an ore of similar quality to hematite. The smelting process, how- 
ever, is still preferred in the large manufactories. In 1860, several cargos 
of an ore containing free sulphur imbedded in gypsum were imported from 
the island of Milo, in the Archipelago. From the small quantity of salphor 
contained in it (19 up to 24 per cent.), great difficulty was experienced 1 
burning it, except in large masses. Subjoined is an analysis of one pare 
of it :— 


Sulphur ............ 2.00 eee 24-00 
Gypsum .... 0... eee ee 62:20 
Sand, &......... 0.0. cee eee 6-00 
Water ...... eee eee 7:00 

99-20 


Still more recently, Professor Ansted has discovered a deposit of fre 
sulphor in Corfu, of which he has been kind enough to forward a sample; 
but we believe it has not been used in commerce. When sulphuric sad # 
wanted quite free from arsenic, Sicilian sulphur must be used. So largely 
has pyrites displaced sulphur in the production of sulphuric acid, that 2 
1862 only 2030 tons of sulphur were consumed, against 72,800 tons of 

yrites; and, reckoning the above quantity of sulphur as equivalent 
4500 tons of pyrites, it appears that 77,300 tons of pyrites are annually 
for the manufacture of sulphuric acid, along with 2500 tons of nitrate of 
soda. Assuming a produce of 120 per cent. on the pyrites, this is equal to 4 
production of 92,760 tons of sulphuric acid, calculated as concentrated. This 
quantity of sulphuric acid is nearly all consumed where it is made, for the 
manufacture of other chemicals, euch as soda and manures, the quantity sold 
being 6440 tons; but this might be more correctly described as consumed i” 
other works, for the quantity sent to a distance is very small, Four-fifths 
of the sulphuric acid is used for the decomposition of common salt. 

Salt and the Alkali trade—The ordinary Cheshire salt is almost ¢- 
clusively used for the manufacture of alkali, the exception being m ot 
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manufactory where the waste heat of coke-ovens is utilized in evaporating 
the liquors formed by dissolving rock-salt. Nearly all the salt used in the 
alkali-works is carried by canal to Hull, Goole, or Grimsby, whence it is 
brought to the Tyne at a nominal freight, generally by foreign vessels, that 
take it as ballast when coming to the Tyne for an outward cargo of coals. 
This is the only practical result of the repeal of that portion of the navigation 
laws which prevented foreign ships carrying cargoes coastwise. The annual 
consumption of common salt in the district is 90,000 tons, requiring 73,800 
tons of sulphuric acid, and producing 100,000 tons of dry sulphate of soda. 
The whole of this quantity is used in the manufacture of alkali. A few 
hundred tons are consumed.in the glass manufacture, but are omitted here, 
as no account has been taken of the sulphate of soda made from the nitrate 
of soda in the sulphuric-acid process. Tho alkali is produced in the four 
forms of—1, alkali or soda-ash, 43,500 tons; 2, crystals of soda, 51,300 tons ; 
3, bicarbonate of soda, 7450 tons; 4, caustic soda, 580 tons. The manu- 
facture is so well understood, that only local peculiarities and recent im- 
provements need be noticed. 

Alkali.—All the Tyne soda-ash is fully carbonated, sawdust being gene- 
rally used in the furnace for this purpose, so that it contains merely a trace 
of hydrate of soda. The greater part of it is also refined by dissolving, 
settling, evaporating, and calcining, thus producing an article of great 
whiteness and purity. 

Caustic Soda.—This manufacture is, as yet, quite in its infancy in this 
district. In Lancashire very large quantities are made from the “red 
liquors” which drain from the soda salts. These liquors always contain 
caustic soda, sulphuret of sodium, and common salt. In Lancashire, where a 
hard limestone is used for balling, the percentage of caustic soda is large, 
while the sulphuref exists in small proportion, and is easily oxidized. It 
would seem that the London chalk, which is used here, produces a lime 
chemically much less energetic, forming less caustic soda, and holding 
sulphur more loosely in combination. Consequently the Tyne red liquors 
require a very large quantity of nitrate for their oxidation, and yield so little 
caustic soda that this process has been abandoned in favour of the well- 
known method of boiling a weak solution of alkali with lime. This has the 
advantage, however, of producing a richer and very pure article, sometimes 
as strong as 74 per cent. 

The improvements (besides such as have been already noticed) which have 
been introduced into the alkali trade, since the last meeting of the British 
Association in Newcastle, may be divided into those which have been gene- 
rally adopted, and the special improvements of individual manufacturers. 
1st. Economy of labour has been attained by using larger furnaces, in which 
a workman can manipulate a larger charge with less toil, and by various 
other appliances purely mechanical. 2nd. Economy of fuel has been largely 
attained by the application of the waste heat and flame from the ball fur- 
naces to the surface-evaporation of the tank or black-ash liquor. Formerly, 
this was evaporated in hemispherical cast-iron pans, each with a fire below. 
3rd. Economy of water and fuel by the adoption of the circulating tanks for 
lixiviating balls, first introduced at Glasgow by the late Mr. Charles Tennant 
Dunlop. They are so arranged as regards their connexions with one another, 
that water runs into the tank which has been most nearly exhausted, and 
liquor of full strength runs off the tank which has been most recently filled. 
The balls are always under the surface of the liquor, and thus escape the 
partiak lecomposition and consequent formation of sulphuret, which resulted 

. Z 
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from the balls being subj ected to successive washings and drainings. 4th. Use - 


of cast-iron decomposing-pans. 5th. Gay-Lussac’s process for| recovermg 
and using again the waste nitrous acid in the manufacture of sulphuric acid 
has been adopted by several manufacturers; others consider that the expense 
of the erections and of working the process may be better applied in pri- 
viding an additional amount of space in the leaden chambers. The special 
improvements are :—1st. Revolving ball furnaces, invented by Meears. Elhott 
and Russell, of St. Helen’s, and used in the Jarrow Chemical Works. 2nd. In 
the Walker Alkali Works, the waste gas (carbonic oxide, &c.) from the bisst- 
furnaces of the adjoining iron-works is conveyed by flues to the evaporating 
and calcining furnaces. The advantage obtained is not only economy of 
fuel, but a hot flame free from smoke and dust, and dispensing with the 
stoker’s labour and tools. It is found very useful for regulating the botiom 
heat of the cast-iron pan in which salt is decomposed. The carbonic oxide 
is, however, found not to burn very well in the presence of muriatio-acid ga. 
Hyposulphite of Soda,—The manufacture of hyposulphite of soda hss 
largely increased of late years, and we believe it was not made upon the 
Tyne previous to 1838. In 1854 the produce only amounted to 50 tons pa 
annum. It has gradually risen to 400 tons per annum. In addition to bem 
used in photography, it is largely employed as an “ anti-chlor” in paper 
making; and the markets of Europe and America are chiefly supplied from 
the Tyne. In 1852 Mr. W. 8. Losh obtained a patent for the manufacture 
of hyposulphite of soda from soda-waste, which has been the meats of 
greatly lessening the price, and extending its application in the arts 
account of ita great stability, hyposulphite of soda has nearly superseded the 
use of the older salt—sulphite of soda—as an “ anti-chlor,” the latter beg 
chiefly confined to sugar-refineries as a deoxidizer. Dr. Jullion has recently 
obtained a patent for the production of hyposulphite of lime, to be used 
an ‘anti-chlor,” but it has not yet been introduced in commerce, the spp 
ratus for its manufacture, in course of erection at the Jarrow Chemical 
Works, not being completed. vs 
Hydrochloric Acid.—In the decomposition of common salt vast quantte 
of hydrochloric acid are necessarily produced, and it is an important quesom 
for chemical manufacturers to apply the best means for its condensaid. 
Since the visit of the Association in 1838 few branches of manufactare hsté 
received more attention, and there are few in which greater improvement! 
have been effected than in condensing muriatic-acid gas; and this has arst 
not only on account of the necessity of preventing injury to agriculture, © 
that heavy claims for damage might be avoided, but also in consequence 
the commercial value attached to hydrochlotic acid in the production of 
bleaching-powder, bicarbonate of soda, oxychloride of lead, and other pr- 
ducts. The methods generally employed in condensing are well known, and 
we shall only allude to some of the improvements practically applied. Ti 
drying-furnace generally used is called an “ open furnace,” to which the hest 
of the fire is directly applied; and we believe that the greatest difficulties ™ 
the way of a perfect condensation, in former times, arose from the gases 0 
this furnace. The heat required to drive off the gas from the crude sulphsté 
of soda is very great, so that when the gases arrived in the condenset,' 
was found difficult to absorb them, even when a very large quantity of ws" 
was used; and the muriatic acid which was thus produced was of 9 low 
a strength, as to be, commercially, almost useless, In former years, also, 
the draught through the condensers was always obtained by a connexi0? 
with a high chimney ; but in some of the works this plan is now abandoned, 
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and the whole of the vapour or gas which escapes passes through a 12-inch 
pipe always open to view. At present, these gases are conducted through 
long flues or pipes and cooling-shafts, and on entering the foot of the con- 
densers the heat is reduced to about 140° Fahr., at which point the gases 
easily condense, and a strong acid is obtained at the same time. A rather 
different method has been pursued for some time at Messrs. C. Allhusen and 
Sons’ works. Instead of the heat from the fire being conducted directly on 
to the drying materials in the furnace, a “ close ’’ furnace is used, in which 
the flame from the fire passes over a brick arch and under the bed of the 
furnace, and not in immedrate contact with the materials; this furnace has 
no connexion with a chimney for its draught, and the gases from both the 
pan and dryer pass into one condenser, The hydrochloric acid passes off 
from the furnace unmixed with the smoke from the fire, and at a lower 
temperature than the ordinary method, and is consequently more easily con- 
densed, and obviates the necessity of long flues or cooling-shafts. Messrs. 
Althusen and Sons have given us the following results of some recent experi- 
ments with this kind of furnace. The charge of salt generally used, was 
8 cwt., the moisture varied from 6 to 9 per cent., and the sulphate of soda 
contained from 1°75 to 2°25 per cent. of undecomposed salt. 


Theoretical 

Salt unde- Moisture weight Acid Loss per 

composed. per cent. of acid. obtained. cent. 
lst experiment .... 1°75 70 502-0 495'06 1°4 
2nd ” ..-- 1°70 7:0- 498-0 498-00 1:8 
3rd - -... 2:25 70 498-0 484-08 2°6 
4th ” .... 1:80 70 498-0 490-04 16 
5th ” ...» 170 70 498-0 485:00 28 

Average.... 2 


As a further instance of the care that is now bestowed in condensing, we 
append also the result of some recent experiments conducted at the Walker 
Alkali Works to ascertain the actual quantity of muriatic acid condensed. 
The daily produce was conducted into large cisterns prepared for the purpose, 
and the strength, depth, &c., was carefully ascertammed. The salt used was 
also tested daily for moisture and impurities, such as sulphates, sand, &c. 
The former was found to average 6 per cent., and the latter 14 per cent. 
during six months’ trial, thus leaving 92:5 per cent., NaCl=57:7 HCl in 


100 parts of salt used. 
The crude sulphate of soda produced was also daily tested for common 
salt left undecomposed, which ms deducted below :— Test of 
HCL. Sulphate. 
January .... 100 parts of salt gave.... 583 25°9 
February.... 9 9 .... 630 2:24 
March ...... 9 9 .oe. 542 2°25 
April ...... » ” .... O74 1:14 
May........ » ” ..-. 584 2°98 
June ...... ” ” .o.. 539 . 212 
Average HCl .............2.505 55:8 2:45 
HCl left in sulphate of soda ...... 1-52 
57-32 
Loss per cent. ............ 0-38 
57°70 
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A patent was obtained by Mr. R. C. Clapham, in 1860, for the use of the 
weak acid in the place of water for condensing, which has been successfally 
carried out in the above works; and it will thus be seen that the whole of 
the acid produced was obtained and calculated without difficulty. Muriatic 
acid is not entirely free from impurities; and, on account of its containing 
arsenic, iron, sulphuric acid, &., it is not applicable to all purposes. The 
total quantity of hydrochloric acid produced is about 180,000 tons per 
annum, 

Manganese.—Manganese is imported from Germany and Spain, but it is 
chiefly from the latter country that the richest ores are now obtained. It is 
found in hills consisting of schistose rock, which sometimes rise to a height 
of 800 feet from the level of the plain; but it is also found in “* pockets,” 
in which case it is quarried by picks, and occasionally gunpowder is used. 
The quality of the ore varies from 50 to 90 per cent. peroxide; and to 
obtain the richer ore, men and boys are employed to break and sort it. It 
is then put into sacks and carried a distance of 20 to 35 miles, on mules’ 
backs, to the ports of shipment in the Mediterranean. The richest ores are 
obtained at Calanas, in the province of Huelva, 30 miles north of the ancient 
Roman fishing-town of Huelva. We are indebted to Mr. 8. F. Gething for 
this information, who also informs us that he imported to the Tyne, in 
1857, the first cargo of this kind of manganese. Manganese ore frequently 
contains peroxide of iron, copper, cobalt, titanium, &c.; but no means have 
hitherto been taken to separate them. Manganese is used in the mannfac- 
ture of glass, iron, and of bleaching-powder ; and for the latter it is imported 
to the extent of 14,400 tons annually. Several patents have been taken out 
for the recovery of the manganese from the waste chloride of manganese 
solutions, but generally with indifferent success. The most successful, how- 
ever, is the process of the late Mr. Charles Dunlop, of Glasgow, in which the 
manganese is precipitated as a carbonate, and finally oxidized. This patent 
has been profitably worked at St. Rollox, in Glasgow, and has, to some 
extent, superseded the use of native manganese. Still more recently, a 
patent has been obtained by Mr. Clapham for the separation of the free 
hydrochloric acid contained in the waste manganese solutions, and for its 
application mm the manufacture of bleaching-powder. 

French Limestone, locally called ‘ Cliff,’ is imported as ballast from the 
Seine, and also from the coast of France, to the extent of about 14,000 tons 
annually. It forms part of the upper chalk-bed in the secondary deposits, 
and is nearly pure carbonate of lime; and although very like chalk in its 
appearance, differs from it to some extent in being compact, harder, and less 
susceptible of retaining water. It is always used in this locality, in prefer- 
ence to other limestone, for making bleaching-powder. 

Bleaching-powder.—Since 1831, the method pursued in the manufacture 
of bleaching-powder has entirely changed, and the quantity made has far 
more than doubled. At that time it was made by the decomposition of 
manganese and common salt with sulphuric acid, which was rather a coatly 
process, and the price was about £28 per ton. Itis now manufactured from 
what was, at one time, the waste muriatic acid referred to above, and the 
price has been reduced to one-third. During the last few years the demand 
for bleaching-powder has been increased, partly on account of the extensive 
use of Esparto grass from Spain in the manufacture of paper, which has been 
found to require a large quantity of chemicals to bleach it. The quantity of 
bleaching-powder now made is 11,200 tons per annum. 

Soap.—The first soapery in this locality was begun by Messrs. Lamb and 


_- 
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Waldie, about the year 1770, at the Westgate, Newcastle, whence it was 
removed to the Close. The works were purchased by Mr. Thomas Double- 
day in 1775, and continued under the firm of Doubleday and Easterby until 
the year 1841. Other manufactories were built in Sandgate and at the 
Ousebarn, all of which have been abandoned. Very little hard soap was 
made until the end of the last century ; Castile soap only was used. Up 
to 1770, soft soap was chiefly used for both domestic and manufacturing 
p The chief improvements introduced have been the use of palm 
oil, bleached by Watts’s process, and the manufacture of the ley by boiling 
the alkali with the lime, instead of the so-called “ cold process.” The total 
quantity now manufactured exceeds 6000 tons per annum. The prices of 
the raw materials at the present time are as follows :—tallow, first sort, 
T. C., 43s. 6d.; fine American resin, 36s, to 39s.; best yellow soap, 33s. to 
35s.; best mottled soap, 33s. per cwt. : 

Prussiate of Potash.—The first attempt to manufacture any compound of 
cyanogen in this district was made in the beginning of the last century, by a 
Jew, in Oakwellgate, in Gateshead. He afterwards removed his apparatus 
to Corbridge; but, failing in producing a saleable article, he discontinued 
the operation, which was taken up by a Mr. Simpson, who ultimately suc- 
ceeded in perfecting the process in works erected at Elswick. Mr. Simpson 
manufactured Prussian and other kinds of blue colours; and at his death 
the manufacture was removed to Heworth, where the Messrs. Bramwell have 
carried on the works since 1758: Prussian blue was the only form in which 
the cyanogen was produced, from which prussiate of potash was afterwards 
manufactured. This salt was not known in commerce in a crystallized form, 
however, till about the year 1825, when the price was 5s. per pound. The 
price has now fallen to 113d. Mr. Bramwell has introduced various im- 
provements in the manufacture of this salt, employing close pots, in which 
the fused materiale are worked by machinery, and substituting sulphate of 
potash for the more expensive potashes ; but notwithstanding the application 
of every chemical and mechanical appliance, and the low prices at which the 
prussiate of potash is sold, the demand has fallen off, and at present only two 
tons of yellow prussiate and } ton of red prussiate are manufactured weekly. 
The decline in this trade has arisen partly from the American civil war, and 
partly from the introduction of the aniline colours. The celebrated attempt, 
in 1844, to produce cyanogen from the nitrogen of the air, was made at these 
works; and although the efforts of Mr. Bramwell and his friends were per- 
fectly successful in a chemical point of view, these gentlemen were induced 
to abandon the process as a manufacturing operation. 

Alum.—The first alum-wotks established in England were erected at 
Guisborough in 1460, by Sir Thomas Challoner, who brought over a work- 
man from France to carry out the then secret process, the monopoly of this 
trade being in the hands of the Pope. The works were subsequently decreed 
to be a royal mine, and passed into the possession of the Crown. They were 
afterwards farmed to Sir Paul Pindar, at a rental of £15,000 per annum. 
‘He employed about 800 persons, and made large profits, his monopoly enabling 
him to keep up the price to £26 per ton. The Long Parliament restored the 
mines to the original owners, and at the Restoration not less than five manu- 
factories were in operation. The process is well known; but potash-alum 
(formerly the only alum made) is now only produced at the Loftus Works, all 
the other manufacturers employing the cheaper sulphate of ammonia. From 
the mother liquors large quantities of an impure sulphate of magnesia are 
-obtained, which are partly refined and partly consumed as a manure, mixed 


710 REPORT—1868. 


with other substances. Alum and sulphate of alumina are also made from 
sulphuric acid and clay or shale, but the quantities are not very large. The 
quantities produced annually are as follows :—Alum, &., 4000 tons; rough 
Epsoms, 1800 tons. Some improvements in the details have been introduced 
to economize labour and save materials. The precipitation of the iron from 
aluminous liquors by means of prussiate of iron was first employed here by 
Messrs. Lee and Co.; and the Guisborough Alum Company have introduced 
an aluminous cake, containing sulphate of magnesia, which has been found 
to answer very well in dyeing certain colours, as browns, blacks, dv., and n 
the manufacture of all kinds of coarse paper. 

som Salts.—The abundant supply of magnesian limestone on the cosas 
of Marsden, three miles south of the Tyne, and at other places in the county 
of Durham, has for many years sustained the manufacture of sulphate of 
magnesia on the Tyne. The mineral is a tolerably pure double carbonate of 
lime and magnesia, containing about 21 per cent. of magnesia. The follow- 
ing is an analysis by Mr. Clapham :— 


. Per cent. 
Silica 2... ccc ee ee ce cee cees 10-00 
Alumina .............cccc cee; 1-60 
Oxide of iron ...........2000. 0-50 
Carbonate of magnesia ........ 36°33 
Carbonate of lime ............ §2°50 
99-93 


The process formerly employed was to calcine the limestone, and wash it 
repeatedly with water, by which, however, the lime is only imperfectly 
removed, the residue being dissolved in acid and crystallized. The principal 
source of sulphate of magnesia for many years past has been the rough 
Epsoms obtained from the residual mother liquors of the Yorkshire Alam 
Works. In these salts protoxide of iron replaces a variable proportion of 
magnesia, forming a double salt, and an excess of sulphuric acid is always 
present. 

The following is an analysis of rough Epsom salts by Dr. Richardson :— 


Per cent. 
Sulphuric acid.............005 82-26 
Magnesia ........ cess eae enee 15°35 
Protoxide of iron.......... ooee = 198 
Oxides of nickel and cobalt.:.... 0-12 
Lime ...... ccc ccc eee 0-09 
Alumina ......... 0 cece cece 1:33 
Potash... ..... ccc ce we ce eens 0°83 
Water ...... cc ce eee cece ees 48°29 

100°00 


Formerly these salts were mixed with washed magnesian lime, and then 
calcined in order to peroxidize the iron. It is found, however (as first 
suggested by Dr. Richardson), that calcination is unnecessary when the solu- 
tion. is sufficiently diluted, and when space is provided in the precipitating- 
tank for the bulky precipitate of protoxide of iron which is formed by the 
gradual addition of magnesian lime. This is probably the only chemical 
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manufacture of the district, with the exception of prussiate of potash, which 
has greatly fallen off in extent, a more rational system of medicine having 
diminished the use of purgatives, and reduced the demand for Epsom salts to 
about one-third of what it was twenty years ago. The annual production is 
still 1500 tons, two-thirds of which are made from the rough salts. 

Carbonate of Magnesia.—This compound has long been produced in this 
district, where it was formerly, and is still to a limited extent, manufactured 
from the mother liquors of the salt-pans known as Bittern, to which carbonate 
of soda is added to precipitate the magnesia in the form of carbonate. This 
old plan has been largely superseded by the elegant process of the late Mr. 
H. L. Pattinson, which consists in submitting calcined magnesian limestone 
to the action of carbonic acid and water, under pressure. The magnesia dis- 
solves out as bicarbonate of magnesia, from which the neutral carbonate of 
magnesia is precipitated by the application of heat. The quantity manufac- 
tired is said to be about 250 tons per annum. 

Superphosphate of Iime,—The manufacture of this article was commenced 
at Blaydon in 1844, by Dr. Richardson, soon after the publication of Liebig’s 
celebrated report on agricultural chemistry. Various materials are employed 
as the source of phosphate of lime, viz. bones, bone-ashes from South America, 
exhausted animal charcoal from the sugar-refineries, coprolites from Suffolk 
and Cambridgeshire, phosphorite from Spain, Sombrero guano, dc. Improve- 
ments have been introduced in the manner of mixing the acid with these 
substances, in drying, and in the riddling of the superphosphate. The quantity 
produced amounts to between 15,000 and 16,000 tons per annum. 

Pearl-hardener.—This article has only recently been manufactured here, 
and its introduction is due to Dr. Jullion, who has applied it to the hardening 
of paper. It is:produced by precipitating hydrated sulphate of lime from a 
perfectly pure solution of chloride of calcium by means of sulphuric acid. 
Great care is taken in its preparation, and it is being generally introduced 
among the manufacturers of paper. The quantity made is said to be about 
2000 tons per annum. 

Sulphate of Iron.—The first manufactory for the production of green 
copperas in England was founded about the year 1579, when one Matthew 
Faloonar, a Brabanter, “did try and draw very good brimstone and copperas 
out of certain stones, gathered in great plenty on the shore, near unto 
Minster, in the Isle of Sheppey.” Mr. Thomas Delaval commenced to 
manufacture copperas at Hartley about the year 1748, but he subsequently 
sold the manufactory to his brother, Lord Delaval, and by an Act of Parlia- 
ment, 11th of George II., 1771, power was given to Sir Francis Blake 
Delaval to grant to Sir John Hussey Delaval, in fee simple, all the copperas- 
works then and there existing; which may enable us to form some idea of 
the importance then attached to this manufacture. The late Mr. Barnes and 
Alderman Forster erected the first copperas-works on the Tyne, at Walker, 
in 1798, which are still in operation. The quantity at present manufac- 
tured is about 2000 tons per annum, and the process is still the same; but 
Mr. Thomas Barnes has applied the refuse crystals to a novel purpose. This 
refuse was, and is, generally thrown away; but Mr. Barnes uses it as a 
manure on his farm, on the thin soil which lies on the magnesian limestone. 
He finds that the depth of the soil is gradually increasing by the disintegra- 
tion of the rock, and that the more he uses, the more satisfactory are the 
results. The beneficial effect of the copperas is doubtless partly due to the 
natural decomposition of the carbonate of lime with the sulphate of iron, and 
partly to the action of the peroxide of iron on the organic matter of the soil. 
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While being constantly renovated, a supply of oxygen is provided in a solid 
form by this hydrated oxide of iron. 

Venetian Red.—The manufacture of this article has long been carried on 
in this neighbourhood, and is noticed here, as it is so closely related to green 
copperas. It is made by calcining a mixture of copperas and some native 
hydrated oxide of iron, chalk, and gypsum. The calcined mass is levigated 
and dried. About 4000 tons per annum are manufactured on the Tyne, and 
the price varies from £4 10s. to £5 per ton. 

Sulphate of Copper.—This salt was formerly produced by roasting old 
copper in a reverberatory furnace, and then dissolving the oxide in sulphurc 
acid, but it is now obtained in carrying out Longmaid’s process for decm- 
posing common salt by means of cupreous pyrites. The quantity made is 
about:100 tous per annum, which is all produced at the works of Mess. 
J. and W. Allen. 

Resin Size.—This article is manufactured according to a patent obtained 
by Mr. W. 8. Losh, and is intended to produce a size suitable for paper- 
makers, and to supersede the old size in ordinary use, which consists of alum, 
resin, and soda-ash. Its manufacture has, however, been only partially 
developed, and not more than 100 tons yearly are produced ; but a new and 
cheap size, which can be prepared ready for the use of the paper-trade, is, 
we think, a step in the right direction, and the theory of the sizing of paper 
is a field still open to chemists. 

Lamp-black.—The manufacture of lamp-black, we believe, is peculiar to 
this locality, and it is produced from bituminous coals. These coals are 
slowly burnt, at a dull heat, and with as small a supply of air as posable. 
The smoke is conducted into brick chambers, into which a jet of steam or 
water is passed, to assist in the better formation of the lamp-blaok. The 
quantity made is about 1200 tons annually. 

Grease.—This product is made to the extent of 2800 tons annually. Its 
chiefly produced from the distillation of resin, and in a locality like New- 
castle, surrounded by extensive collieries and works, the consumption is cc- 
siderable. Since the American war the -price has been much affected, and, 
we are told, has advanced from £8 or £9 per ton to £22 per ton. 

Chemical Products of Gas-works.—The quantity of coal used in the mant- 
facture of gas on the three northern rivers, the Tyne, Wear, and Tees, amounts 
to about 100,000 tons. 

The products obtained are as follows :— 


875,000,000 cubic feet of gas ............ £113,000 
53,000 tons of coke .......... ec ce0e 10,000 
23,800 gallons of crude naphtha ...... 2,800 

309,000 gallons of creosote oil ........ 1,250 
3,560 tons of pitch .......... 0.0005 3,130 
600 tons of sulphate of ammonia... . 9,000 
£139,180 


The sulphate of ammonia is manufactured direct from the gas-water. i 
the following manner :—A large cylindrical boiler is filled two-thirds full 
with the gas liquor, and gently boiled. The gaseous products and steam ar 
conducted into a mother liquor, from a previous operation, which is kept 
~*~htly acid. When no more ammonia comes over, a quantity of milk of 

is added to the boiler and a strong heat applied, until the coloundg 
rs cease to be disengaged. ‘The gaseons products are collected as before, 
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zand the colouring matters are skimmed off the surface of the liquor. The 
boiling is then moderated, and during the whole operation a stream of acid 
is supplied to the cistern. The sulphate of ammonia salts out, and is fished 
up into baskets to drain, when it is ready for the market. 

Cement.—The manufacture of this material on a large scale in this district 
is of comparatively recent origin. A small quantity of cement has long been 
mmade on the Yorkshire coast, near Whitby, where a peculiar mineral is found 
im the alum-shale, called the ‘‘cement stone.’’ This mineral has been 
analyzed by Dr. Richardson, who. found it to contain— 


Clay insoluble in acids ..............000- 18-41 

Consisting of silica ............ 12°24 

” of alumina.......... 6°17 
Alumina soluble in acids ............0.0. 6-89 
Oxide of ron 2... eee ee ee eee 0°54 
Lime .. 0... ccc cece ee cette ences 37°68 
Magnesia ...... 0. cee cee ete t ences 5-20 
Soda and potash .......... ccc ee eee aee traces 
Organic matter .......... cc cece eee ees 1°45 
Carbonic acid and water ............005- 29-62 
99-79 


About 20 cwt. of this mineral is found in every 60 tons of shale, and the 
greater proportion is sent to Hull, where it is manufactured into a cement, 
sold under the name of Mulgrave cement. 

The mineral is burnt in small open kilns, and afterwards ground to a fine 

wder. 

Po The production of cement on a large manufacturing scale dates from the 
establishment of the works of Messrs. T. C. Johnson and Co., in 1856. This 
firm manufactures Portland cement, Roman cement, Keene’s marble cement, 
and plaster of Paris; and they have recently introduced improved machinery 
for the more perfect levigation of the raw materials, by which the subsequent 
chemical action is much facilitated. 

Portland cement is very extensively used in this country, in France and 
Germany, for dock works, basins, fortifications, and for fronting houses in 
imitation of stone. It is also used for coating the inside of all first-class 
iron ships. The rivets are carefully coated, and are thus protected from the 
corrosive action of the bilge-water. It has been found of equal service in 
sugar-carrying vessels, where the leakage of the molasses exercises a very 
corroding action. 

Roman cement is prepared by calcining Septaria in open kilns, and after- 
wards grinding the burnt material in horizontal stoves. It is used either 
alone or mixed with an equal volume of sharp sand. 

Keene’s marble cement is made by soaking calcined gypsum in a solution 
of alum, and then recalcining the mass at a dull red heat. This recalcined 
material is then ground and sifted. It is only used for internal work, such 
as floors, skirtings, walls, &c. It is largely employed in London in churches 
and club-houses; it rapidly dries after being applied, and may be papered or 
painted in two days. When dry, it is so hard that a nail cannot be driven 
into it. Two qualities are made, one of which can be polished in imitation 
of marble, while the other is used as a ground for painting: when different 
colours are introduced, a superior scagliola is formed. 
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The quantities manufactured per annum are as follows :— 
Tons. Casks. 
Portland cement ...... 10,000 or 50,000 
Roman 9p tee » 2,450 
Keene’s ,,  .....- ” 350 
Plaster of Paris ...... » 2,000 
The present prices are— 
Portland cement ........ 8s. 6d. per cask of 430 Ibs. 
Roman 99 wwe eee 7s. 6d. » 336 Ibs. 
Keene's ,,  .......- 14s. Od. ” 336 Ibs. 
Plaster of Paris ........ 30s. Od. per ton 


Quantities and Prices of Raw Materials used in Local Chemical 


Manufactures. 
Tons. Price per ton. 
£s. d. 
Sulphur (included as pyrites) .... 72,800 110 0 
(Copper value not included.) 
0 | 90,000 015 0 
Nitrate of soda .............. 2,500 1415 0 
Chalk ............ cece eee 144,000 0 2 6 
Coals... . 0 cece eee eee eee 323,000 0 3 9 
Manganese ..........-.50 000s 11,400 4 0 0 
Rough Epsom salts ............ 1,500 2 5 0 
Magnesian limestone .......... 700 0 3 6 
French limestone.............. 14,000 0 4 6 
Quantities and Prices of Finished Products. 
Tons. Price per ton. 
£s d. 
Alkali................4. 43,500 810 0 
Crystals of soda ........... 51,300 415 0 
Bicarbonate of soda ...... 7,450 12 0 0 
Caustic soda ............ 580 18 0 0 
Hyposulphite of soda...... 400 25 0 0 
Oil of vitriol ............ 6,440 6 0 0 
Epsom salts ............ 1,500 7 5 90 
Bleaching-powder ........ 11,200 9 0 0 
Soap ...... ... eee eee 6,000 34 0 0 
Yellow prussiate of potash.. 105 0 1 Op). 
Red 99 yy 40 0 2 6Hlb. 
Alum ..............2000. 4,000 7 0 0 
Carbonate of magnesia .... 250 30 0 0 
Superphosphate of lime .... 15,000 5 0 0 
Pearl-hardening ........ 2,000 10 0 0 
Sulphate of iron.......... 2,000 3.0 0 
Venetian red ............ 4,000 5 0 0 
Sulphate of copper........ 100 35 0 0 
Resin-siz6 ..........055- 100 70 0 
Lamp-black ............ 1,200 70 0 
Grease 1... .. cece ee ees 2,800 8 0 0 
MB ee eee ee 12,000 2 0 0 


| 


Value. 


£ 
99,200 
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On the Local Manufacture of Lead, Copper, Zinc, Antimony, &c. 
By T. Sopwits, F.R.S., and T. Ricnarpson, M.A., F.R.S.E., &c. 


LEAD 


‘T'ae lead-mining districts of the North of England are chiefly situated in or 
near the centre of that narrow portion of Great Britain which is formed by 
the counties of Northumberland, Durham, Cumberland, and Westmoreland, 
and may be considered as being nearly in the central portion of the whole 
island, being situated nearly midway in its length from north to south, 
as well as from east to west, between the German Ocean and the Irish Chan- 
nel. Under the level lands which lie near to the eastern and western coasts, 
the upper portion of the carboniferous series of rocks contains numerous and 
valuable beds of coal. From beneath these coal-strata the “lead-measures,” 
as they are locally termed, that is to say, the several beds of limestone and 
other rocks in which veins of lead-ore are chiefly found, gradually rise in a 
westerly direction, with an inclination exceeding that of the general rise of 
the surface, until they basset or crop out at the surface over a wide range of 
country, reaching their highest elevation at the mountain of Cross Fell in 
Cumberland, and other adjacent fells or mountain moorlands which extend in 
@ north and south direction so as to form a western limit to the lead-mining 
districts. The strata which extend between the outcrop of the lowest of 
the coal-strata and the Cross Fell ridge of mountains are well known in 
the district as the carboniferous or mountain-limestone formation—so called 
from the abundance of coal so nearly associated with them, and from the 
numerous beds of limestone which prevail. These lead-mining strata lie 
nearly midway in the series of formations which are known in England, 
being as much below the tertiary beds of the south-east part of the island 
as they are above the Silurian rocks on the borders of Wales, A lofty range 
of elevated land extends from the borders of Scotland te Derbyshire, occupy- 
ing from twenty to thirty miles in width of the middle portion of the north 
of England. In many parts of this range of hills are extensive lead-mines, 
which may be classed as follows :— 

lst. Mining districts connected with the river Tyne and its tributariese— 
the Nent, East and West Allen, and the Derwent; Alston Moor, in the 
county of Cumberland; East and West Allendale, in the county of Northum- 
berland; Blanchland, and Derwent Valley, in the same county. In addi- 
tion to these, which form, as it were, distinct mining territories of consider- 
able extent, other valuable mines in detached places have been discovered, 
and are extensively worked in the valley of the Tyne. 2nd. The extensive 
mining districts of Weardale, in the upper part of the valley of the river 
Wear, and its tributary valleys of Burnhope, Kilhope, Wellhope, Ireshope, 
Rookhope, &e. 3rd. Another extensive district in Teesdale, in the upper 
part of the valley of the river Tees, the mines being situated chiefly in 
the county of Durham, and partly in Yorkshire, worked by the London Lead 
Company. 

The geographical position of these districts may be readily understood by 
referring to ordinary maps of this part of England, and by assigning to the 
upper part of the rivers Tyne, Allen, Wear, and Tees an area extending about 
twenty miles from their respective sources, and in the Derwent a range of 
about ten miles from its source. This would roughly indicate the position 
of the principal mines, 

In any view of the history of mining it is impossible to overlook its con- 
nexion with geological conditions on which the very existence of the mine 
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depends. The mind is thus carried back to a remoteness of time for which 
an adequate expression has not yet been defined. The deposition of rezu- 
larly stratified rocks over a large area of country exhibits proofs of gradual 
progress, extending over enormous periods of time. Midway in this vast 
period we find, in certain parts of the North of England, evidences of volcanic 
action, which has interposed basalt among the strata of sandstone, shale, and 
limestone. The results of this protrusion not only affect the subterrancan 
operations in mines; they also appear prominently at the surface, and give 
rise to some remarkable features of the scenery. The ‘‘ Whin Sill,” s 
it is locally termed, interrupts the gradual flow of the river Tees by : 
barrier over which that river falls at High Force, near Middleton-in-Tee- 
dale, and it is the cause of the romantic cataract called the Caldron Shout, 
near the source of that river. . Precipitous cliffs of basalt, near Holwict, 
were formerly connected by a chain bridge, one of the first, if not the earliest. 
of that construction in Europe. The same overflowing of basalt whieh o- 
casions these and other striking features of landscape seenery in Tees- 
dale extends in a north-easterly direction, and occasionally forces itself 
the attention by the manner in which it seems to have invited the erection 
of works of art: this rock by its greater hardness having withstood the 
abrading action which wore away the softer rocks, presents a firm foundatica 
for buildings designed to be as strong as powsible. Thus, for a considerable 
distance along the line of the Roman Wall, we find the direct course from 
Chesters to near Haltwhistle forsaken, and the wall built on the summit d 
precipitous crags of basalt. The pleasure-grounds of the Duke of Northan- 
berland at Ratcheugh, near Alnwick, afford an example of the protrusion 4 
this rock. Dunstanborough Castle, Bamburgh Castle, and Holy Islend 
Castle may be mentioned as interesting places on this account. But the 
underground occurrence of basalt concerns still more nearly the prectict! 
operations of the miner, and involves much costly labour. 

Old writers on mines and mining were seldom content to rest with a les 
remote antiquity than creation itself; and it curiously marks the state of 
geological science even so late as 1670, when Sir John Pettas wrote bs 
‘ History, Laws, and Places of the Chief Mines and Mineral Works in Eag- 
land, Wales, and the English Pale in Ireland.’ The hills and dales wer 
treated as having been watery billows formed by the breath of the Almighty 
into hills and valleys, which, says the writer, “have ever since continued 0 
these wonderful and pleasant dimensions.” The same quaint writer speaks 
of Adam not only as a miner, but also as a refiner, &c., and nothing, he adds 
shows wisdom more than the getting of gold by proper courses. The allusiom 
made by some of the early writers to the getting of gold, and the minute 
directions which they give for the washing of gold found on the surfuct. 
warrant a belief that that precious metal was formerly prevalent on tht 
surface, and it is by no means unlikely that its greater abundance in ancict! 
than in modern times was one of the attractions which led to the peopling 
the island by strangers, and that Britain was in ancient times to Rome und 
other nations what California and Australia are in our day. Certain it is the! 
gold and silver have from early times been specially reserved by the Cro¥t, 
and some remains of this are still apparent in the state of the law relating 
to treasures of these metals found under the surface of the earth. , 

From many circumstances, Alston Moor is best known as a lesd-minils 
district from its having been open to public enterprise, and it forms 4 
type of the general condition of the lead-mining districts. Of its early 
‘istory little is known. Its occupation by the Romans is attested by #¢ 
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extent and perfect preservation of some of their large works, and the position 
of the mineral veins in it and the adjacent districts is such as to render it 
almost impossible that lead-veins were unworked. The formation of the great 
military road called the Maiden Way must have exposed to view the mine- 
ralogical characters of the rocks over which it passed, and the lead found in 
the Roman station at Whitley was most probably obtained from the im- 
mediate vicinity. Traces of ancient smelting-places exist, as may be inferred 
from the scorie yet to be found ; but of any detailed operations or exact loca- 
lities there is not, that we are aware of, any records. It is not until about 
six centuries ago that any light appears by which to judgo of the state of 
the mining-districts, and even then, and for some centuries after, few and 
far between; and vague and undefined are the indications of lead-mining. 
The insecurity of property at that time, and more especially of Border pro- 
perty, may be noted ; for even then the Kingdom of Scotland included Cumber- 
land, although the mining rights were claimed by the English Crown. In the 
time of Henry IV. a lead-mine is mentioned as having been in Essex; and 
Sir John Pettus enumerates the following counties as producing lead-ore 
containing silver, namely, Devonshire, Gloucestershire, Worcestershire, Staf- 
fordshire, Leicestershire, Cheshire, Derbyshire, Lancashire, Cumberland, 
Northumberland, Yorkshire, Bishopric of Durham, Flintshire, Denbighshire, 
Shropshire, Carnarvonshire, Merioneth, Buckingham, Montgomery, Carmar- 
then, Brecknock, Monmouth, and Dorsetshires. From this it may be seen 
that for a long period lead-mining operations have been extensively spread 
over a great part of England and Wales, whilst in Scotland the chief works 
were almost confined to Leadhills, a place where gold was formerly ob- 
tained in some abundance. More accurate records would probably throw 
further light on the question whether in mining districts in southern parts 
of the island gold was or was not among the early inducements to search 
for hid treasures. 

In Sir John Pettus’s definition of poor mines and rich mines, or “ mines 
royal,” he states that ‘“‘ where the ore digged from any mine doth not yield 
according to the rules of art so much gold or silver as that the value 
thereof doth exceed the cost of refining, and loss of the baser metal wherein 
it is contained, or from whence it is extracted, then it is called poor ore or 
@ poor mine. On the contrary, where the ore digged from any mine doth 
yield according to the rules of art so much gold or silver as that the value 
thereof exceeds the charges of refining and loss of the baser metal in which 
it is retained and from which it is extracted, then it is called rich ore or 
a ‘mine royal,’ and it is appertaining to the king by his prerogative.” In 
this we have the definition of the limits within which it appears the mines 
of Alston were included as Mines Royal, and the importance of which is 
prominently marked in the several charities which the Kings of England 
in several successive reigns conferred by virtue of that prerogative. Sir 
John Pettus states that the mines in Devonshire, Somersetshire, and Corn- 
wall were wrought by the Romans, who in the period of 300 or 400 years 
that they occupied the mining districts of the North of England doubt- 
less exercised their knowledge of the ore, and Cwsar expreasly mentions 
that one reason of his invading the Britons was because they assisted 
the Gauls with “the treasures with which their country did abound.” 
It appears moreover that in those times, and long after, the practice was 
to condemn to the mines those who had committed any heinous offence 
against the laws of the land. In the beginning of the fourteenth century 
(1804) mention is made of indemnities granted to miners in Cornwall, 
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and liberty to turn watercourses for their works at pleasure. Thirty yean 
later certain mines of lead mixed with gold and lead ore are mentioned in © 
Shropshire. ‘A concealed mine of gold” is referred to (1401) in a letter 
of mandamus, and in 1426 Henry VI. granted to John, Duke of Bedford. 
‘¢ All mines of gold and silver within his kingdom of England for 10 
years, paying the tenth part to the Holy Church, to the king the fifteenth, 
and to the lord of the soil the twentieth part.” In 1438 the same king 
granted to John Sellers all mines of gold and silver in Devon and Con- 
wall, and all mines of lead holding silver and gold, to hold (from the 
expiration of 12 years formerly granted to the Duke of Bedford) for » 
years, paying the fifteenth part of pure gold and pure silver. In 1451 the 
same king made his chaplain, John Boltwright, comptroller of all bhi 
mines of gold and silver, copper, lead, &c., within the counties of Devon 
and Cornwall, and in the following year the same Boltwright is mentioned 
as ‘“‘ Provost and Governor of all his mines,” and a grant was made to 
him of all mines of copper, tin, and lead, in Devon and Cornwall, to hold 
during his good behaviour, paying the tenth part of pure gold and silver, 
copper, tin, and lead, with power to let and set for 12 years, paying to the 
king the tenth bowl of ore, &., holding gold or silver, and to dig without 
interruption, &c. 

These notices, some of them referring to mines generally, and others only 
as contained in certain counties, are curious as showing the manner of the 
Crown’s disposal of them. The constant mention of gold and silver is quite 
different to any mining cortditions of modern times, and the limited periods 
of 10 or 12 or 20 years would seem to imply that no large works were o1- 
templated—the continued security for a long period under which alone 
extensive and deep mines can now be worked not being required in virgi 
mines, when the readiness of the implements and machinery were sdapied 
only for operations of an inconsiderable depth. In 1468, Edward IV. granted 
Richard, Earl of Warwick, John, Earl of Northumberland, and others, al 
mines of gold and silver, &c., on the north side of Trent, within England, 
and all mines of lead holding gold or silver in the same parts for 40 year, 
paying to the king the twelfth part of pure gold and silver, and to the lord of 
the soil a sixteenth part, with liberty to dig, except under houses and castles, 
without license. In 1475 the same king granted to Richard, Duke of Glou- 
cester, Henry, Earl of Northumberland, and others, the mines of Blanchland 
called Shildon, in the county of Northumberland, and the mime of Alston 
Moor called Fletchers; the mines of Keswick, in Cumberland, and the copper 
mine near Richmond, to hold the same for 15 years, paying to the king the 
eighth part, to the lord of the soil the ninth part, and to the curate of the 
place a tenth part as they arise. In 1478 the same king granted, on sur 
render of the former grants, to William Goderswick and Doderick Wavers- 
wick, all mines of gold, silver, copper, and lead in Northumberland and 
Westmoreland, to hold the same for 10 years, paying to the king a fifteenth 
part, and to the lord of the soil, and to the curate, as they can agree. In 
1486, Henry VII., by his letters patent, dated February 27th, made Jasper, 
Duke of Bedford, and other Earls, Lords, and Knights, commissioners snd 
governors (a designation retained until very lately in the direction of the 
estates of Greenwich Hospital) of all his mines of gold, silver, tin, lead, and 
copper in England and Wales, to answer the profits to the king, and made 
Sir William Taylor comptroller to hold the same for twenty years, with 
liberties of court and other privileges, paying to the king the fifteenth part 

° pure gold and silver, and to the lord of the soil the. eleventh part as it 
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grows. For a period of about 50 years following the appointment of this 
commissioner in the reign of Henry VIL., little of moment appears to have 
been done; and in the third year of the reign of Queen Elizabeth a society 
was appointed, entitled the Society for the Mines Royal, to whom a grant 
of gold, silver, and copper was given within the counties of York, Lancaster, 
Caomberland, Westmoreland, Cornwall, Devon, Gloucester, and Worcester, 
as also in Wales, with liberty to grant and assign parts and portions. The 
various laws and regulations of this and similar societies do not throw any 
light on the local details of mining, and the general rate of duties and con- 
ditions of the North of England lead-mines in the above periods can only be 
inferred from the probability of their having been included in some of the 
grants already recited. 

In other lead-mine districts we find more minute details of local customs ; 
such, for example, are the laws of the lead-mines of Derbyshire, and Mendip, 
in Somersetshire; but we find no trace of any of these peculiar customs 
having prevailed in Alston or the adjacent districts. One of the Derbyshire 
customs or regulations is curious enough :—“ If any blood be shed upon the 
mine, the author shall pay 5s. 4d. the same day, or else shall double the same 
every day till it comes to 100s.” 5s. 4d. was also the apparently moderate 
penalty in case of underground trespass. The laws and customs are described 
as being those of the mine used in the highest peak, and in all other places 
through England and Wales. The miners sued that the king “ would 
confirm them by charter, under his great seal, by way of charity, and for 
his profit, forasmuch as the aforesaid miners be at all times in peril of their 
death, and that they have nothing in certain but that which God of his 
grace will send them.” The information to be thus gleaned is scanty 
enough, and admits not of being woven into a connected narrative, yet it 
indicates the scale of payment to the several parties concerned, the shortness 
of the term for which grants were made, the absolute rights of the Crown, 
and the participation in a portion of the revenues by the Church. The 
mines of Alderston, or Alston, had royal protection granted in 1233, again 
in 1286, and again in 1237; in 1282 the manor of Alderston was granted 
by Edward I. to hold in fee of that King of Scotland, reserving to himself 
and to the miners various privileges, especially such as belonged to the 
Franchise of Tindale, within which Alston was then comprised. The details 
of grants and charters more immediately relating to Alston appear to cor- 
respond in general terms with those more general grants which we have 
specified as elucidating the early progress of mining in this kingdom 
generally. In 1333, several of the privileges above alluded to were con- 
firmed to Robert, son of Nicholas de Veleripont, and in the following year 
some further liberties were confirmed, from which it appears that Alston 
at that period had not only mines, but a mint. These and some other details 
are contained in a brief account of the mining districts which one of the 
writers drew up more than 30 years ago, when residing in Alston Moor. 
The ancient names of Park and Forests which occur in these northern 
mining districts, as applied to extensive tracts of land which are now treeless, 
are worthy of mention, as they indicate in a striking manner the abundance 
of forest timber which once adorned the now nearly treeless districts under 
consideration. In 1290, Patric of the Gilt and 26 other miners were im- 
pleaded by Henry de Whitby, and Joan, his wife, for cutting down their 
trees at Alderston, by force and arms, and carrying them away to the value 
of £40. The miners claimed that they held the mine of the king, and were 
privileged to cut wood. The context sufficiently indicated that there had in 
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former times existed vast quantities of wood, that it was extensively wed 
for the mines, and that the country was thus rendered bare and treeless, in — 
which state only too much of it yet remains. 

Another intimation contained in these ancient records leads to the sup- 
position that mining cases were at one time subject to the decision of june: 
of miners similar to those which existed in other parts of the kingdom, and 
the proceedings of such juries one of the writers had occasion to investigate 
more closely in connexion with the Forest of Dean. Alston Moor after- 
wards became the property of the Hyltons, of Hylton Castle, in the county 
of Durham, ‘and a lease was granted in 1611 for 999 years by Henry Hylton, 
subject to the payment of certain rents which amounted to £64. In 162 
the manor was sold to Sir Edward Ratcliffe for £2500, and it remained the 
property of that family till the confiscation of the estates of James, Earl of 
Derwentwater, in 1716. It was granted by the Crown in 1734 to the Royal 
Hospital for Seamen at Greenwich, and has ever since remained in the pos- 
session of the Commissioners in trust for that institution. Adjoining estates 
have subsequently been purchased, and added to the original tracts of land 
so given. It would be a work of some labour to extend these notices to the 
details of property and succession in the several other distriets. The anly 
practical result would be to discover a period when general and undefined 
Royal rights were gradually brought into narrow compass by. increasing 
population, and when mining was doubtless encouraged by liberal immunities 
granted to miners. It would be difficult to pursue in any minuteness te 

dual advance of improvement and distinct rights of property over clearly 
defined districts. The royalties of Allendale passed into possession of the 
Fenwicks of Wallington, of the Blacketts, and eventually of the. family o 
the present possessor, Wentworth Blackett Beaumont, Esq., M.P. The 
Weardale mines are held under lease by the same owner from the Eccle- 
siastical Commissioners. The mines in Teesdale belong to various lords, 
whom the Duke of Cleveland is the chief; and at and near Blanchland, ia 
the valley of the Derwent, the royalties belong to H. Silvertop, Esq., and 
other proprietors. It is, however, interesting to endeavour to mark th 
periods at which the former vague and uncertain methods of mining in these 
lead districts were replaced by more exact ones, and it is apprehended 
that such a period of change may be distinctly traced in the supervision of 
that great engineer, Mr. Smeaton, who was for a time an agent of Greenwich 
Hospital in this district. It is certain that one great workewhich he pr- 
jected and commenced at Alston, in 1775, gave a new stimulus to mining. 
This was the Nent Force Level, a work of great magnitude, of vigorous con- — 
ception, well adapted to the then existing state of information, and to the 
imperfect state of engines where great power was required. In the presett 
day an equal amount of exploration and drainage may be pursued by the 
use of hydraulic engines wholly worked by water. About the same perio 
the progress of mining in Allendale owed much to the ingenuity of Mr. Wm. 
Westgarth, who first introduced water-pressure engines. The generous 
interest taken by Smeaton in the promotion of so useful a discovery may 
be seen by the communications of that great engineer to the Society of Arts 
The minute details of the construction of Mr. Westgarth’s engine may & 
seen in the early volumes of the Transactions of that society. «The old 
man” is the local phrase by which ancient mining operations in thee | 
districts are described. The greater or less abundance of produce of lead 
was scarcely matter of public interest, nor were the fluctuations of pnc 
such as would have been felt in the case of coal. Carried on in remote 
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districts, which, until half a century ago, were in many places almost in- 
accessible except on ponies, it is not surprising that few details of local 
history of an authentic and detailed character exist, or that we have only 
meagre traces of a secluded district, and of a people shut out in a great 
measure by their occupation even from the few dwellers on the surface of 
their own remote dales. . | 

The earliest method of working lead-mines appears to have been by shaft, 
by following the surface-indications of ore downwards. The driving of 
levels for drainage in Dean Forest was of later orign, and probably so in the 
other mining districts of the kingdom. The work was drawn to the surface 
in kibbles, or small tubs, and some of the smaller pits.on the basset of 
inferior beds of coal yet present what probably was the appearance of a 
respectable mine in the infancy of such operations. The general use of 
levels or galleries large enough to admit of horses travelling in them is said 
to have been introduced into the lead-mining districts by Sir Walter Calverly 
Blackett, about 120 years ago, but the example was not,:as we believe, 
followed for many years by other mine-owners. Cast-iron rails, instead of 
‘wood, were first used in Nent Force Level. Tin pipes were first used for 
ventilation by Low, Carlisle, and Co., at Tyne Bottom Mine. Mr. Stagg 
introduced iron pipes at Rampgill, and Mr. Dickinson first used lead pipes 
for the purpose of ventilation in the Nent Force Level. Any of these 
materials were an improvement on the wooden boxes, which rapidly decayed, 
and so rendered the air impure, and which moreover could with difficulty 
be kept water-tight. . . 

The quantity of lead ore raised in this Northern district and smelted in 
the different mills, in 1861, according to Hunt’s ‘ Mineral Statistics,’ was 
as follows :— 

Lead Ore. Lead. Silver. 
Durham and Northumberland ............ 19,536 +. 16,252  «- 78,265 


Cumberland ..... 6,324 ooo 4,614 2... 37,EIS 
Westmoreland - 2,393 «. 3,576 ... 21,214 


Yorkshire w..seesscssscssssssscseseseeeeee 880L 14, 6203... 3,650 


37:053 27,645 140,244 
Lead Ore, Lead, and Silver the produce of Cumberland for 10 years ended 1862. 

Lead Ore. Lead. Bilver. 
Year. tons. cwt. tons. owt. On. 
1852 —seoseeeee 8,410 17 — evcccccee 51877 15 — scorccece 52,893 
1853 aeaceenes 8,343 19 —..-ceevee $619 Q — erveeeeee 50,000 
3854 ss nceoene 9,890 18 cescecees 6,662 16 — asrsseere 42,020 
IB55 — ceceeneee 9,627 33 csaeeeeee 6,929 17 —savvvenee 62,379 
1856 — seeceveee W31E SF — crcccecce Sx32X TF — caccevoes 52,938 
1857 — ceccceee © 6,450 0 ceenveece 4:7IT FS —— ccccceece 42 
W858 caveseee 71235 13 — ervvcccee 5y2O7 14 sevevneee 43,721 
1859 — cweveeeee A ere 5250 TG cevccnnee 39,40 
T860 —cacoceces FiO4Y IO vscecenee S2TZO J ven veweee 32,806 
VEGI —aseceeces 1324 woe weeene 4,614 13 — ecoes. 37,115 
W862 ccccccce 7973 13 trv eeeeee §:B4I TO ces cceeee 41,911 


Lead Ore, Lead, and Silver the produce of Durham and Northumberland 
for the 10 years ended 1862. 


1 Ty ee 21,594 3 crecenees "35,978 32 ccoeenees 191,736* 
385% cansecene 39,287 16 — ssoossees 1§,0G% 4 csccceeee 140,000* 
1854 asecoenee 22,329 15 ; 16,669 18 .rcccnuee 98,577 
tt eee B2,307 18 cecesenee 16,309 19 — ceveeeeee 751435 
T3560 seceseene 24,325 7 cseceeens 37,6074 IE cocccecee 79,924 


* The Westmoreland silver is included in these quantities. 
1863. 3a 
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Lead Ore. Lead. Gilver. 
Year. tons. cwt. tons. owt o. 
1857 — nso eveeee 21,580 F ssecseeee 37,073 34 eeacseece 74,091 
W858 svceeeee 19:999 & — ccocseeee 16,776 7  ssesvecee «8,298 
IB5Q can vonens 19,57I © — cecvveres 340568 © —aaeseecee 74.232 
| To rr 20,200 1% — secceeces 15,186 © — senerecee 254 
2.1) re 19,536 - cas ceeces 15,2§2 37 — seoecenee 78,205 
¢ 1) 21,377 18 ccscceeee 36,454 0 — esocccens $2,854 


Produce of Lead in the years 1845 to 1862, inclusive, in the countia of 
Cumberland, Durham, and Northumberland. 


Cumberland. Durham and Northumberland. 
I 45 e 5 I o z S86 008 GES EEO 10, ° 
1846. 55556 Oo 1842 ccvvccnreese 10,284 © 
1847 . 5.702 0 1847 coacsecce ees 12,245 0 
1348. 5,684 o 1848 13,178 0 
1849... 6,327 7 1849 ~«(—. 14, 
1850 - 6850 4 3850 - ...0 15,840 3 
1851 - 6,333 2 TBSE — ccccrecee one 15,488 12 
1852 50877 15 1852 15,978 13 
1853 §619 9 18 19,041 5 
1854 . 3663 6 18eq I "eh, 4 
1855 ~« 6,929 27 1855 16,309 19 
1856 $321 3 1856 . 17,674 31 
1857 - 4706 1 1857 36,973 1 
1858 5,168 2 i358. 16,336 2 
1859 - §,250 14 1859 14,883 1 
1860. $119 4 F860 wceeseccoeee Ss 2 
TS6E  ccecccecnere 4581 8 TSG  cscsccccesee 35,286 6 
1862 occ seeceeace 6,241 10 1862... 16.454 © 


In concluding this part of the subject, one prominent feature msy be méet- 
tioned, namely, the work called the Blackett Level, commenoed by W. 3 
Beaumont, Esq., M.P.,in East Allendale, The shafts on this work were com 
menced in 1855, and the Adit Level, near Allendale Town, was began 
1859. The entire length, when completed, will be nearly seven miles. At 
three of the shafts, and also at the Allenheads mines, are extensive adapts 
tions of the improved hydraulic engines invented by Sir William Armstrong, 
and. particularly described by him at the meeting in Newcastle of the Me 
chanical Engineers. 
| Smelting Processes.—Various important improvements have been intr- 
duced inte the treatment of lead ores, among which we may mention the 
substitution of the Spanish Economioco furnace for the slag hearth, by mess 
of which a better“produce of lead is obtained from the refuse products of te 
mills. This Spanish furnace is a miniature blast-furnace, covered at the 
top, from which a flue conveys the fumes to the condensing chambers * 
chimney. 

Another improvement, introduced since 1839, is the celebrated desilver- 
izing process of the late Mr. H. L. Pattinson, by which large quantihes of 
both lead and silver have been saved. This process is so well known ths! 
we do not think it necessary to describe it on the present occasion, es} 
as it was fully explained in a previous Report to the British Association. - 

A third improvement is the conversion of hard into soft lead by the pr 
cess of calcining introduced by Dr. Richardson, at Blaydon, in 1840. Ths 
process consists in exposing the hard lead in a melted state to a current of 
hot air, by which the astimony and other impurities are oxidised. /%* 
oxides float on the surface of the molten lead, and are skimmed off from 
time to time. This operation is continued until a sample of the lead draw? 
from the furnace is found to be soft and malleable. The late Mr. Geors° 
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Burnett, jun., applied this process to the softening of Spanish lead, and 
employed a large metal pan, set inside the furnace, in which this hard lead 
is melted. This improvement has been the means of developing a most ex- 
tensive trade between this country and Spain. The Spanish ores on the east 
coast of Spain are smelted with the fuel exported from this country, and the 
hard lead is brought here to be softened and refined. The following Table 
shows the gradual development of this trade :— 


Imports of Lead into Newcastle-upon-Tyne. 
tons 


Year. . Year. tons, 
1844 wee cee verses 213 | 1854 son cre casoes 6,534 
1845 even onenee 1,453 1855 eve ces cecece 3,723 
1846 soo ccecceecs 31939 1856 sop ene soneee 3,392 
1847 een veacnees 2,276 1857 con ece ces eee 4,877 
1848 spe ceecesene 1,697 1858 eve cenceees 4,871 
1849 eee ceecavces 31958 1859 see eneceeens 9,069 
3850 soe cee escecs 7,287 1860 oe cee concen 93373 
1851 ave sceeess 13,915 1861 sev coveres 12,3 
W852 saecesseeees 19327 | 1862 ——sseccesveces 12,459 
1853 cee eee den ves 7421 


This hard lead contains, on an average, about 50 oz. of silver per ton, 
so that the quantity of silver extracted on the Tyne is now upwards of 
600,000 oz. per annum. 

The total imports of lead into this country in 1861 were 23,109 tons, of 
which a considerable portion was from Linares, in Spain. This lead con- 
tains very little silver, and the average contents may be taken at 40 oz. per ton 
on the total imports. The total production of British mines in 1861 was— 
lead, 65,643 tons, and silver, 563,731 oz. Hence the imports and produc- 
tions of these metals in this district amount to 45 per cent of the lead, and 
upwards of 50 per cent. of the silver of the whole trade of Great Britain. 

Several improvements have also been introduoed for the condensation of 
the fumes evolved in the various smelting and refining operations to which 
lead is submitted. The first in point of time is the horizontal flue or chimney, 
which was first used by the late Messrs. Crawhall and Johnstone, in Mr. 
Beaumont’s extensive mills. The flues are built of masonry, eight feet in 
height and six feet wide. The aggregate length of the fines in the mills 
belonging to Mr. Beaumont is nine miles. Another plan, adopted in the 
mills of the London Lead Company, is the invention‘of the late Mr. Stagg. It 
consists in drawing the entire gaseous products of the farnace through water, 
by means of powerful pumping machinery. The lead fume is completely 
condensed, and easily separated from the water, where it is allowed to 
collect and remain at rest in suitable tanks. Mr. Stokoe’s plan has been 
introduced at Langley and other smelting establishments. In this plan, the 
lead fumes are driven by a fan-blast through a series of ascending and de- 
scending columns, partially filled with brushwood, on pebble stones, down 
which a stream of water falls to condense the lead-fumes. The water collects 
in tanks at the bottom of the columns, and the fumes are allowed to subside. 

We have heard that a small quantity of pure ore is reduced in crucibles 
by means of iron, similar to the process employed in treating antimony ore, 
with the object of obtaining a lead of great purity, for the production of red 
lead to be used in the manufacture of flint-glass. 

Manufacturing Processes.—-This locality has long been celebrated for its 
manufactured leads. The first establishment is said to have been com- 
menced about a century ago, and those at the Ouseburn and Gallowgate 
were erected about the year 1799. 3 

a2 
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White Lead.—The groater portion of this article is manufactured by the 
old Dutch process, and we have no important improvement to notice. The 
levigation is conducted with improved machinery, and the yield of white lead 
has increased, with a greater attention to the conditions necessary to ensure 
@ more perfect corrosion of the lead. 

Mr. Pattinson’s beautiful process for making oxychloride of lead is worked 
at Washington. This plan consists of decomposing lead ore by hydrochloric 
acid, when a pure chloride of lead is easily obtained. This substance is then 
partially decomposed by an earthy base, leaving an amorphous oxychlande 
of lead behind, which is used in the same way as ceruse or white lead. 

Red Lead, §c.—The manufacture of orange and red lead, litharge, is stll 
conducted in the same way, but in every case with improved and more 
effective machinery. — 

Sheet Lead and Lead Pipe.—-The manufacture of these articles has largely 
increased, and much more powerful machinery has been introduced, by 
which the sheet lead is now made of a greater width than formerly. Messr. 
Walker, Parker and Co. manufacture a tinned lead pipe, which admits of 
its use in many cases where a leaden surface would be objectionable. 

Shot have been long manufactured here. The Shot Tower is a striking 
object, towards the west of the town, on the banks of the river. It was 
erected at the close of the last century, to carry out the patent process of 
Mr. Watts. A short time afterwards the late Mr. Burnett, with great 
shrewdness, substituted an old pit-shaft at Wylam for the purpose of cast- 
ing shot. The manufacture of shot embraces several interesting processes: 
but as no recent improvement has been introduced, we must limit our re- 
marks to the above brief historical notice of this branch of manufactured 

Statistics.—From the information which has been kindly furnished by 
Messrs. Forster, Leithart, and Parker, we are enabled to give the following 
details of the quantities of these articles made in this district. 


tons. toms. 

White Lead and Paint ...... 7,500 | Lead Pipes .....e.ssece cee essere 1,500 

Red Lead... ......ssessceceseease 44500 j Shot .......ccccecsecesscoccessreee 750 

Sheet sseceecesenscssssseee y§OO 19,559 
CorrEr. 


The smelting of ores of copper in this locality is of recent origin, and 
due to the importation of cupreons pyrites, which are used by the alkali- 
makers for the manufacture of sulphuric acid. The chief supply is obtained 
from Spain; but the pyrites which arrive from Cornwall, Ireland, sd 
Sweden also contain copper. The following analyses, by Messrs. Browell 
Clapham, and Marreco, exhibit the composition of the sulphur ores :— 


Cornwall Ireland. Bpain. Sweden. 
Sulphur.......ccccesee  34°SG5 — ccvees AT4E  cecees 43°SB sees 38°05 
Tron w.eseccsessssssens 32°800 eee 478 neces GOZO nee 42°80 
yopper ose cee ccn cee ces BOO wares 1°93 cose ct ree 1°50 
sevpecescccscesces “GOO cavecs bees ie > eee _ 
ZiNC oo. cecccseseesecee 1932S enaee BOO sears 0°32 see ees — 
APPONIC 2... cecceeee  O'FQIO wuss BE sees E°TO  ceaeee _ 
Bilica.......ccccseeees 29000 siaeee 3°93 vse eee 8700... 12°16 
Insoluble matter... — — ...... 1°43 esses — — sane —_ 
Moisture .....ccccc. ewes I°43 sneer oy reer — 
Oxygen and loss... — §...... — kanes — eee 5°49 
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These ores are usually burnt in the ordinary kilns for making sulphuric 
acid; but one manufacturer on the Tyne employs Longmaid’s process for 
making sulphate of soda, in which case the copper is obtained as sulphate. 
The burnt ores aro afterwards run down to regulus, either alone or mixed 
with copper ores and slags, which are imported from the Continent. Some of 
the manufacturers only carry their operations up to the point of making a 
regulus with 50 per cent. of copper, while others produce tile-copper. The hit 
de fusion varies with the character of the ore, and the following mixtures 
are used for the purpose :— 


cwt. owt. cwt. 
Raw ore ......05. Zee eee Os aeeaes ° 
Burnt ore ......... ZO oaeaee BE keene 7 
Siliceous ore ...... Os eseees O arene 18 
copper slags ...... , ee 4 evens ) 
eseces sees J new eee : Te o 
Tank waste ...... Os seneee Os aeeeee 4 
Fluor spar ......... Os eevene Os asevee 14 
: O | eevee Zanes : 


oe cee vescccces . °) 

Messrs. Mease and Co. dissolve out the copper with sulphuric acid, and 
precipitate this metal by means of iron. 

The quantity of copper ore raised in the northern counties is very small, 
being only 131 tons per annum, and the imports are given in the following 
Table :-— 

Imports of Copper Ore and Slags. 


1857. 1858. 1650. 1860. 1861. 
France 739 coe ces of sevece ° eee nee B33 vvvece 74 
orwa L\ Se - Ce Sr ey es Pe eS » &f 

Denmark sas veces 5 | ee © ceseee ©  ereeee 2 ooeees 3 

South America O severe tS Ser TS evens O severe ) 

Belgium ........ © revees © eevee , rere © cesoae ° 

, Germany ......... OQ  seseee O serene 7 erence Q sevens I 

— Darkey weccccecece 0 serene © seeeee To sseeee - © see 0 
The present annual production of copper on the Tyne is about 700 tons. 

Zinc. 


The ores of this metal are not very abundant in this district ; but blende and 
calamine are found in the neighbourhood of Alston. Ores of zinc are im- 
ported from the Isle of Man and Ireland, through the ports on the west 
coast, and from the Rhine and Sweden to the Tyne. Well-arranged 
smelting-works have been erected by Mr. Attwood, who employs a modifice- 
tion of the Belgian process for the reduction of the ores. The annual pro- 
duce of spelter varies from 750 to 800 tons. 

Mr. Hunt gives the following returns of the production of these ores in 
this locality :—Alston, blende, 366 tons; calamine, 135 tons; sundry mines, 
95 tons: total, 596 tons. 

ANTIMONY. 

The ores of this metal are all imported and smelted by one firm, who 
produce annually about 270 tons. The process of reduction is that generally 
employed, and we have heard that the sulphur matt is treated with sul- 
phuric acid to obtain green copperas. 


NIcKEL anp CosBALT. 


The works where these metals were extracted from their ores are not at 
present in operation. 
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On the Magnesian Limestone of Durham. 
By Joun Dacuisx, F.G.S., and G. B. Forster, M.A. 


CovERING as it does so considerable a portion of the Northern Coal-field, the 
Magnesian Limestone must always afford a most interesting study to those 
engaged in the mining operations of this district. This arises from its im- 
rtant bearing not only on geological, but also on physical conditions; the 
ormer have long been a subject of general interest, and as regards the latter, 
one of the most marked features is the large quantity of water met with m 
the shafts which have been sunk through it for the purpose of winning the 
coal below. It was more especially to this feature that this paper was, in 
the first instance, proposed to be directed; but in the preparation of the 
required maps and sections, it was found that allusion to other debateable 
ground could not be avoided. 

This deposit has, at various times, occupied the attention of some of our 
ablest geologists, and has been carefully investigated by them, so far as it 
can be seen in its sections open to the day; but the writers, in the pursut 
of their professional duties, having had frequently brought before them sec- 
tions of the entire deposit in the numerous coal-shafts which have passed 
through it, and having obtained the true inclination of the Coal-measures 
‘underlying a large tract of the Limestone in the workings of the various cosl- 
mines, have had suggested to them conclusions somewhat at variance with 
the opinions expressed by recent writers, and which they deem of sufficient 
interest to bring before this Association. 

In all the sinkings through the Magnesian limestone, feeders of water, 
more or less considerable, are met with at a certain distance from the surface, 
derived not so much by percolation through the mass of the rock—for ths 
can-obtain to a small extent only—but collected in and coming off the nume- 
rous gullets and fissures which everywhere intersect and divide the mass df 
.strata. If the shaft be not drained by pumping, or otherwise, the water 
froni these feeders rises to a point which remains, save in exceptional cates, 
constant. A line drawn between these various ascertained points gives the 
line of saturation, indicated by dotted lines, on the sections exhibited; 
and it will be observed that, although this line commences at the sea-level, 
it neither continues on this plane nor follows the line of stratification, not 
yet all the undulations of the surface, but rises for the most part uniformly 
with it as it.passes inland. At Seaton Pit, near Seaham, it is 226 feet from the 
surface, and at Eppleton, three miles directly west of Seaton, it is the same; 
and as the surface-level of the latter is 180 feet above that of the former, 1 
follows that the line of saturation rises in this direction at the rate of 6 
feet per mile. 

' It was mentioned previously that under certain circumstances there is 
slight variation in the level of the line of saturation ; this occurs sometime 
near the outcrop of the Limestone, when after a long succession of wet weather 
the level is raised a few feet; and, again, in some cases where gullets are ¢x- 

on the surface, down which large quantities of water from flooded 
brooks, &c., find their way, and hence in any shaft communicating wit 
these gullets the water rises rapidly and considerably. 

Immediately underlying the Limestone is a bed of sandstone of very variable 
thickness, which when exposed to the action of the atmosphere disintegrate 
rapidly, and has hence acquired its local name of “ friable Yellow sandstone.” 
It is in sinking through this bed of rapidly decomposing sandstone that su 
great engineering difficulties have been encountered, owing to the enormous 
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quantity of water which in some cases is met with, more especially if the bed 
be thick, and much below the level of saturation. A very full account of 
the sinking of the Murton Winning is given by Mr. Potter in vol. v. of the 
* Transactions’ of this Institute. In this case nearly 10,000 gallons of water 
per minute were pumped out of this bed by engines exceeding in the aggre- 
gate 1500 horse-power. The circumstances which favour the remarkable 
accumulation of water in the Limestone, and the rapidity with which it is 
drained off into pits sunk through it, are due to several causes, some of which 
are peculiar to this formation, and perhaps to this district. They are:— 

Ist. The arrangement of the beds of stratification. 

2nd. The contour of the country. 

3rd. The permeability of this formation to water. . 

On examining the locality, it will be observed that the beds of strati- 

fication dip towards the sea at an angle somewhat more inclined than the 
surface of the ground, so that on this line of section. the Magnesian lime- 
stone crops out with a bold escarpment about four miles inland from 


‘the sea, forming one of the most pleasing features in the landscape of the 


south-eastern portion of Durham. An observer standing on the escarpment 
and looking inland would have an extended view over the wide expanse of 
flat country which, owing to the softer character of the rocks of the Coal- 
measures, lies at its base, and frequently running up into the Limestone in 
deep bays or fiords, gives it the character of an ancient rugged coast~-line. 
Seaward an entirely different aspect is presented—a series of undulating hills, 
intersected with many deeply-cut, picturesque, and beautiful ravines, which 
being low and sheltered are well wooded and clothed with luxuriant foliage. 
The boldness of the escarpment is no doubt to a certain extent due to the 
soft nature of the “ Yellow sandstone ” lying immediately at its base. This 
sandstone sometimes reaches a thickness of 50 feet, and extends over the 
flat base to a considerable extent beyond the Limestone, and being thoroughly 
pervious to water, forms a natural absorbent for all the drainage of the dis- 
trict around, which is further increased by the numerous before-mentioned 
bays running into the Limestone. In addition to this, over the country ex- 
tending from the outerop of the Limestone to the sea, the large fissures already 
spoken of as intersecting in all directions the Limestone, form so many chan- - 
nels of communication between the surface and the bed of “ Yellow sand- 
stone,” down which the surface-drainage, and even in some instances small 
streams pass freely. It cannot, therefore, be wondered at that when this 
formation is pierced by any shaft below the level of saturation large volumes 
of water should be encountered; and although this may for the time increase 
the engineering difficulties and frequently add much to the cost of winning 
coal through the Limestone, it has at the same time its brighter points of 
view, affording as it does an inexhaustible supply of pure and agreeable 
water to the inhabitants residing on its surface. The large towns of Sun- 
derland and South Shields are entirely supplied by water pumped at exten- 
sive works at Humbledon, Fulwell, and Cleadon Hills. The town of Seaham 
Harbour is also similarly supplied. The water is hard for domestic purposes, 
but delightfully clear and refreshing. . 

There is another point connected with this branch of our subject which 
affords much scope for conjecture as to its cause, and offers a large field for 
further research. In all the deep winnings made near the sea-coast, the 
water met with below a certain depth is saline, but not to a uniform degresy 
gradually becoming more s0 as the depth increases, until it attains the same 
specific gravity as the water of the North Sea. It is difficult to obtain the 
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law regulating the increase of density, as a great number of experiments 
would require to be made extending over a considerable area, and great 
care that the waters tested are not locally contaminated by contact with de- 
composing rocks. The results of the testing of a great many samples ob- 
tained at various depths over the Hetton, South Hetton, Murton, and Seabam 
estates, extending over an area of about thirty square miles, were described. 

From this it would seem that the line of uniform saltness, so far as the 
above researches go, by no means follows either a line of uniform depth, or 
that of stratification, and does not depend on the contour of the country or 
the line of saturation. 

The water of tho greatest density was obtained from the roof of the Hutta 
seam, at Seaton Colliery, at a depth of 1500 feet from the surface, or 1260 
feet below the level of the sea. This density was 1-026, being nearly that 
of sea-water. - 

In other parts of this coal-field, however, as at Walker, Framwellgate, 
Butterby, Lambton, Birtley, and St. Lawrence, saline springs of an entirely 
different character are met with at various depths (in the case of Framwell- 
gate and Butterby coming to the surface), and at some of these places the 
springs have been used as brine-springs for the preparation of ordinary 

t. 
Various opinions are held by geologists as to the precise structure of the 
Permian series of this district, and their relationship to the subjacent rocks. 
Perhaps, with little exception, all the older geologists, and those not residing 
in this neighbourhood, consider the Permian series of this district to lie un- 
eonformably on the Coal-measures, and that the Yellow sandstone and Red 
sandstone beds form a part of the Permian series, and are conformable to the 
overlying Magnesian limestone. 

On the other hand, local geologists, whose opinions, from their opportanity 
of examination and from the attention which they have bestowed on tlus 
series of rocks, are well worthy of every consideration, are of opinion that the 
Yellow sandstone and Red sandstone beds form part of, and are conformable 
to the Coal-measures, and do not belong to the Permian strata. This view, 
however, does not seem to be borne out by well-ascertained facts; questions 
. of conformability, in all cases connected with the Yellow sandstone, must be 
doubtfully entertained, as this rock lies more in hills than in beds; and the 
question of its conformability to the Limestone must be settled by examination 
over an extended area, as, indeed, is essential in order correctly to ascertain 
all questions of conformability. It may be observed, that whilst at Monk- 
wearmouth Pit the Coal-measure strata intervening between the Magnemsn 
limestone and the Hutton seam are 1500 feet, at Seaham they are 1100 feet, 
and at Castle Eden only 400 feet. So that at Castle Eden 1100 feet of Coal- 
measure strata have been denuded, and yet the Yellow-sandstone underlies 
the Limestone at each place. 

With respect to the ‘“‘ Red beds,” it would seem to the writers that if they 
can be proved to be independent beds, they must also be conformable to the 
Limestone, resting with it unconformably on the edges of the Coal strats ; but 
for several reasons they venture to express an opinion that they do not exist 
at all as independent beds, but are merely the reddened edges of the Coal- 
measure rocks themselves. 

The following are the reasons which have led the writers to entertain this 
view :— 

Ist. Beds of ‘“‘ Red rocks” are frequently met with below the coal-seams 
in sinking shafts, as is shown at Monkwearmouth, Ryhope, Seaton and Castle 


eS i 


on. 


ON THE MAGNESIAN LIMESTONE OF DURHAM. 729 


Eden, Murton and Eppleton, and Elemore Pits, and they can be seen crop- 
ping out below a coal-seam in the cliffs a little to the north of Cullercoats 
Haven. 

2nd. The fossil remains in the “ Red beds” are identical with those of the 
Coal-measures, as shown by Mr. Howse in his paper on the Permian Fossils 
(Tyneside Naturalists’ Field Club Transactions, vol. ili. p. 235). And yet, 
if independent beds, they are not “the upper beds of the Coal-measures,” 
because in all sinkings, &c., they are found to underlie the Limestone and 
Yellow sandstone even when, as previously mentioned, in treating of the 
unconformability of this rock to the subjacent coal-formation, an enormous 
thickness of Coal-measure beds has been denuded off. Further, wherever 
any coal-seam has been worked, as at Kelloe, Cornforth, &c., nearly to — 
its outcrop under the Limestone, the stone forming the roof becomes red— — 
clearly proving either that these red measures are simply the reddened edges _ . 
of the crop of the Coal-measures, or that they belong to the Permian series, 
resting unconformably with them on the Coal series. 

3rd. This red appearance of rocks has been observed in other parts of the . 
Coal-measures where its origin could be distinctly traced. 

1st. The shales forming the roof of coal-seams are frequently found dis- - 
coloured and reddened in the galleries of the mine where they — 
have been exposed to the action of the atmosphere for some time. 
2nd. This character has been found strongly marked in the rock sur- 
rounding upcast shafts when the action of decomposition has _ 
been accelerated by increased temperature and probably by per-- 
colation of water. : 
- Srd. In one special instance, viz. in the recent sinking of the Camboise - 
Pit, which is situated close to the sea,and at the outset passes 
through 7 feet of recently-blown sand. The bottom of this sand 
was found to be quite reddened, and in appearance strongly re- 
sembled the red rocks below the “Yellow sandstone,’ which . 
latter, from its lying in hills, from its incoherent character and © 

false bedding, was probably originally blown sand. 

It is not difficult to understand that the Coal-measure rocks, by lengthened 
exposure to the action of the atmosphere, as must have been the case prior to 
the deposition of the Limestone, would become reddened to the extent now 
witnessed, when it is considered that they all contain so large a quantity of 
iron, and that, under circumstances at all favourable, they readily take on 
them this character. 

The writers propose now to treat shortly of the general stratigraphical 
character of the Magnesian limestone of this district. 

Hitherto it has been usual for geologists to divide this formation into four 
distinct beds, or groups of beds; and these subdivisions have been compared 
to other series of beds extensively developed in other parts of Europe. 

These groups of Magnesian limestone rocks have been named by the fol- 
lowing authors thus :— 

In 1850 Professor King published the following arrangement of the Mag- 
nesian limestone:— 


In ENGLAND. In GERMANY. 
1. pretalline. Stinkstein. 
recciate 
Pseudo-brecciated. Rauchwacke, 


Foesiliferous. Dolomit. . 
Compact. ; Zechstein.- -- 
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In 1857 Mr. Howse proposed the following division of the Magnesia 
limestone, which has been adopted by Mr. Kirkby, by Professor Geinits, of 
Dresden, and also by Professor King more recently :— 


ENGLIsH SERIES. Gunman EQUIVALENTS. 
Magnesian Iamestone. Lechstean. 
1. Upper Group...... a. Upper yellow-limestone. a. Plattendolomit, snd 
b. Botryoidal _— do. &. K &e. 
2. Middle Group .... ¢. Cellular, and c. Rauch 
3. Lower G d. shell- limestone. 3 d. Dolomit, Asche, &c. 
. Lower Group .... e. Compact limestone, an . 
P I. Conglomerate. e. Zechstein. 


Doubtless, any one examining theese rocks, by commencing at their outcrop 
near South Shields, which is the usual starting-point, and going southwar 
along the coast, would readily recognize these groups. ‘The line of separt- 
tion between the compact and cellular rocks is clearly distinct, as is also the 
first appearance of the botryoidal rocks, south of Mareden. But there ar 
equally well-defined changes in the character of the rocks at other punt 
along the coast (as at the point near the blast-furnace south of Seaham Hxr- 
bour) which have not been made use of for grouping the Magnesian limesto 
into distinct series of beds; and there are also, south of Seaham, sever 
other groups of shell rocks with distinct and variously-marked differences of 
lithological character. It is not at all to be wondered at that these points d 
strongly-marked difference of lithological character, and apparent non-col- 
formability of deposition, should ocour throughout such an extensive depost 
as the Magnesian limestone. These occur constantly to a far greater extent 
throughout the Coal-measures, and yet it would be extremely hazardous‘ 
venture on any speculative subdivision of those rocks ®; most probebly a 
the variations of lithological structure, running through all the stages of fn- 
able, earthy, rubbly, starry, marly, crystalline, botryoidal, coralloidel, sphe- 
roidal, mammillated, breociated and pseudo-brecciated, soft-laminated 04 
hard-laminated, conglomerate, conglobate, concretionary, oolitie, and hones- 
comb, are simply due to the effects of local action at the time of deposition— 
rocks of the same stratigraphical position taking alternately any or all of the 
above lithological types. 


On the Manufacture of Iron in connexion with the Northumberles 
and Durham Coal-field. By Isaac Lowrntan Bexx, Mayor f 
Newcastle. 


THERE is probably no district, where the manufacture of iron is carried 4, 
which presents more features of interest, and embraces within its mals 
greater variety, than that which is worked in connexion with the cosl-field 
of Northumberland and Durham. Notwithstanding this, the iron metallux’ 
of the North, which it will be the province of this paper to explain, o¥é 
none of its importance to the existence of any of the ores of iron ¥ 
those measures which belong more immediately to the coal-formation. 2 
Scotland, Staffordshire, and South Wales, the shales of the coal-measu™ 


« The roof of a seam of coal consists at one place of s hard sandstone, which, thinlt 
out more or less abruptly, is replaced by soft shale, and at times the shale comes 1 #* 
wedge, without displacing the sandstone, and gradually increases to a thick bed. Eve 
beds of coal themselves, commencing with a few inches, thicken to many feet, sre «?* 
rated by layers of shale into distinct seams, and again become one by the disappeer™* 
af the band of shale. 
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eontain bands and nodules of ironstone in sufficient quantity to supply im- 
mense works, established in these localities, for smelting iron. The coal- 
field of the North of England, on the contrary, extensive and productive in 
mineral fuel as are its strata, is singularly deficient in those ores of iron 
which distinguish many other carboniferous districts. An explanation, then, 
of the prominent position occupied, as a seat of the iron-trade, by the loca- 
lity under consideration, must be looked for in another direction, and a very 
brief mental survey of the geology of the adjoming country will furnish 
the necessary information. Starting from the coal-field itaelf, which, as con- 
taining the fuel required for smelting, may be considered as the keystone to 
the whole, we arrive within no great distance at strata which abundantly 
compensate for that poverty in ironstone already spoken of as inherent to our 
coal-measures themselves. 

The district known as the Newcastle and Durham coal-field contains an 
area of something like 700 square miles, and in shape may be roughly con- 
sidered as an isosceles tnangle, having its apex coincident with the coast- 
line at Warkworth. As the sea principally forms its eastern barrier, our 
observations are necessarily almost exclusively confined to those formations 
bounding it on the west and south. In the former direction, ¢. ¢. towards 
the west, a narrow strip, having a width of four or five miles, of the mill- 
stone grit, rising up from under the coal-formation, separates this latter from 
an extensive tract of country, of which the mountain limestone is the pre- 
vailing rock. From the south-west corner of our coal-field, and separated 
from it by a great expansion of the millstone grit accompanied by mountain 
limestone, we pass over a thin wedge of the old red sandstone and enter 
upon the new red, to the west of which the carboniferous limestone again 
appears as a long, narrow, curve-shaped district, extending “from Pen- 
rith to Whitehaven, and of importance in describing our subject. On the south, 
and skirting the coal-field on the south-east, we have the magnesian lime- 
stone some half-dozen miles in width. Beyond it, forming for some distance 
the valley of the Tees, is the new red sandstone, separating, by an interval 
of twenty miles, our collieries form those hills of lias in Yorkshire, the ore of 
which will form the greater portion of the subject of this paper. 

We will now briefly allude to the position of the minerals which consti- 
tuted the sources whence our furnaces in former times were supplied, adding 
a few remarks on their practical application, and then consider those means 
which at the present day furnish our greatly extended ironworks with that 
immense quantity of raw materials which their increased capacity demands, 

We may pass over without further notice at the present moment both 
the immense beds of coal, of the purest kind, in this northern coal-field, and 
the inexhaustible supplies of lime furnished by the extensive tracts of moun- 
tain and magnesian limestone previously alluded to. We shall, therefore, at 
once proceed to name the different combinations in which ironstone is found 
in the various strata of the measures already referred to, reserving any fur- 
ther remarks when we come to speak of the composition and nature of the 
minerals generally. 

Ironstone of the Coal~measures.—Many of the numerous beds of shale as- 
sociated with the coal-formation in this neighbourhood contain, interspersed 
in their thickness, nodules of ironstone, but these have rarely been sufficiently 
abundant to lead to their being worked for smelting purposes. 

Above the seam of coal known on the Wear as the High Main, and sepa- 
rated from it by a distance of 18 inches, is a continuous band of this ore. 
It is 44 inches thick, and was formerly wrought on Waldridge Fell for the 
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Whitehill Iron Works, and subsequently at Urpeth and its vieinity for 
the furnaces at Birtley. Another thinner band, only. 2 inches in thick- 
ness, formed the roof of the Hutton Seam, near Birtley. From the fact thx 
both these were extracted by simply bringing down the roof of the old cal- 
workings, it was expected to supply the furnaces there at a very cheap rate, 
and this might have been so had the quantity per acre been larger. Asit 
was, the ironmasters had tu seek far and wide for supplies, and, in conse- 
quence, the cost of stone was ruinously high.: The present’ partners in the 
Birtley Works have kindly placed in the writer’s hands their cost-book, and 
from it, after the furnaces had been in operation four or five years, the fal- 
lowing results are taken :— Ca : 


Ironstone uséd per ton. Coat on ton of iron. 

cwte. qre. lbs. £ e. a. 
1835 ...csscccveecscoes 65 0 D  ccececccsccccevonsees 2 18 ig 
1836.0... .cevecvececes I BD icscesscesene eneees 1 1 
1837 ooeeeccsccsesseoes TL 0 BT vccescscecceee 2 FBP 
1838 SSCepoaeecesaetsonouese 67 0 17 Pee SSeS ovacaeSSOoge 2 2 8? 


From their furnace-books this appears to have represented the calane 
weight, and hence the yield of the raw stone must-have been from 29 pe 
cent., gradually falling to 22, At this time hot-blast was in use at the 
Birtley Works, the system having been introduced there: about 1831. ir. 
George Clayton Atkinson, a partner of the Tyne Iron Company, hs 
obligingly given the following as their consumption for the year 1812, 
using stone of a similar kind to that described above ; indeed, a considerable 
quantity was purchased from the owners of the Birtley [ron Works, previous 
to the erection of the establishment at that place. The quantity used ve 
8772 tons, which cost on an average 16s. 1d. per ton. During that year thes 
produced 2547 tons 18 cwt. of iron, and, in addition to the above-mentioned 
ironstone, 284 tons of hematite were consumed. If the small quantiy 
of this latter ore is assumed to give 50 per cent.,.the yield of the clay 1- 
stone would be something above 27 per cent. . The difference in the produce 
may have arisen from less perfect freedom from adhering shale in the Birtley 
furnace-workings—a supposition corroborated by the increased consump 
there to the ton of iron in later years, when failing supplies would prevent 
proper ‘ weathering” of the ironstone. In 1812, the ironstone per toa 
iron cost the Tyne Iron Company £2 18s. 10d. 

Near Wylam, according to Mr. Benjamin Thompson, who erected the 
works at that place, a mine was opened in 1836, out of which, from a sectio 
of 4 feet, four bands, measuring together 104 inches, were obtained. Ths 
cost, it was stated, 7s. 6d. per ton of 224 cwt., and yielded 30 per cent. 
iron. Another working supplied nodules having a percentage of 35 to 3: 
and costing 11s. 6d. per ton. The united produce, however, of both did n0 
suffice to supply 150 tons weekly, and these mines were speedily abandoned 
when a less precarious mode of obtaining ironstone offered itself, although 
the cost of the latter would, at the period of its first introduction, have 10 
been less than £2 on the ton of iron. 

At Shotley Bridge, on the western edge of our coal-field, and consequent! 
low down in the series, is a deposit of ironstone, which has been far more 
extensively worked than any other seams found in our coal-measures. ¢- 
cording to a description by the late Mr. William Cargill, in a working hang 
a section of about 7 feet in height, 12 to 15 inches‘of stone were obtained 
from six or seven bands. The ironstone from it cost 7s. to 8s. per ton. A! 
a depth of 41 fathoms below it, and lying above 20 inches of eoal, is s bed 
of shale about 3 feet thick, containing 6 or 7 inches of ironstone. The tote! 
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yield of both seams, contained in an acre of ground, Mr. Cargill estimated 
at 5324 tons. In later years, however, according to a detailed report com- 
municated by Mr. Edward T. Boyd, the average produce of the first-men- 
tioned seam, ‘‘ The Ten Band,” as it was called, at that time was’8 inches 
of ironstone in 4 working 5 feet 9 inches high, and in the other bed his 
section gives— 


Good coal............cccccsesccccsceesccesees 1 ft. 6 in 
Splint do............csssecssscsssscsssscecees 0 
— 2 ft. 1 in. 
Tromstome .........cccccccsscccsscccasescevecs 0 
Oo cccccccccecccctsvecccecvasascecseeseucnes 
—_———. 3 103 
5 ll} 


For a limited supply, the quantity of ironstone found in this neighbourhood 
might have sufficed; but an immense work having been erected upon it, 
comprising fourteen blast-furnaces, serious inroads were soon made on its 
resources. From information formerly received, it would not appear, what- 
ever might be the richness of clean stone, that its yield, as delivered to the 
furnaces, exceeded 26 per cent. The cost on a ton of iron, for ironstone, at 
Shotley was 25s. to 30s., which compelled the owners of this establishment to 
look to another district for their supplies, so that at the present time every 
pit on their royalties is laid in. 

A small quantity of ironstone continues to be extracted from a landsale 
eolliery at Hedley, which is smelted at Wylam, and, as the writer believes, 
some is still worked by the Weardale Iron Company near Tow Law. Ina 
general sense, however, it may be assumed that ironstone of the coal-forma- 
tion of the North of England forms no element at the present day in the 
consumption of the blast-furnaces of that district. 

The fron Ores of the Mountain Limestone.—Following the order of our 
description of the geology of the country, the deposits of ironstone con- 
nected with the mountain limestone next demand notice. In this series 
there occurs a bed of shale 30 feet in thickness, in the whole of which con- 
siderable quantities of nodules of ironstone are interspersed. The late Mr. 
Thomas J. Taylor, in evidence on the Border Counties’ Railway Bill before 
a Parliamentary Committee in 1854, stated this shale bed to contain 9680 
tons of ironstone to the acre, of which he assumed practically 6000 could be 
obtained. Its cost he stated to be 6s. 6d. to 7s. per ton, and its yield such 
as would require 3} tons of stone to produce one ton of iron, equal to 30°5 
per cent. Mr. Benjamin Thompson, who worked this bed at Hareshaw, in- 
forms the writer that 8470 tons of ironstone per acre was its contents, and 
of this the lowest 6 feet contained two-sevenths of the whole. Allowing 
one-third for loss, he considered 5647 tons as the practical produce of an 
acre. Its yield he gives as 33 per cent., and its cost 9s. per ton of 22} cwt., 
equal to 8s. per ton of 20 cwt. At Ridsdale, from data possessed by the 
writer, the cost of ironstone for a ton of iron was 29s. 3d. This deposit has 
been somewhat extensively wrought at Hareshaw and Ridsdale, as well as 
attempted at other places. In all these localities, however, the workings 
have been discontinued. 

At Chesterwood, about two miles from Haydon Bridge, there was opened 
out, eome years ago, a seam of what in some measure resembled the famous 
«¢ Black-band ironstone” of Scotland, containing, however, much more coal 
than the celebrated ore of this name. It varied, according to Mr. Bigland, 
who worked it, frem 3 to 4 feet in thickness. The raw stone contained 20 
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to 25 per cent. of iron; but instead of 2 tons of raw mineral producing 1 ton 
of calcined, as in the case of Scotland, 3 tons were required at Chesterwood ; 
so that the richness of the calcined stone was about the same, viz. 60 per 
cent. Mr. Bigland states that for several years they obtained 20,000 to 
25,000 tons of the raw stone, until the bed was exhausted in that locality in 
1855, after less than ten years’ working. The deposit has been traced to 
other places, but in each case it is thin and poor in metal. 

In Alston Moor many of the mineral veins traversing the mountain lime- 
stone contain a considerable quantity of a hydrated peroxide of iron, as well 
as amorphous carbonate of iron. A bed of the latter lying on the surface, 
but of very limited extent, was worked by the writer’s firm at Nent Head, 
and smelted at Wylam. The iron produced from it,’as well as from other 
carbonates and oxides from the same district, was of excellent quality; but 
unfortunately the supplies were too uncertain and too costly. The ore in 
the veins themselves at one time was tolerably pure carbonate, yielding 
perhaps 30 per cent. or more of iron ; but it gradually passed into carbonate 
of lime, from which it was with difficulty distinguished. At the present 
day only a small quantity is worked at Alston. On the other hand, at Wear- 
- dale the veins contain so much carbonate and oxide of iron that furnaces 
have been erected at Tow Law, by Messrs. Attwood and Baring, for their 
reduction. 

The small district of mountain limestone spoken of as stretching from 
Penrith to Whitehaven contains very large quantities of most valuable red 
hematite, containing 60 per cent. and upwards of iron. It is sold at White- 
haven at about 10s. per ton. Its position is uncertain in a mining point of 
view, occurring in detached masses of varied thickness. This locality, as 
well as that near Ulverstone, of a similar character, is of importance in con- 
nexion with the northern coal-field, inasmuch as considerable quantities of 
the hematite ore are brought over to the east coast as a mixture with our 
own ironstone; while, to the furnaces smelting the produce of the White- 
haven mineral field, coke from our side is conveyed. 

Iron Ores of the Lias Formation.—The Lias rocks of Yorkshire constitate 
by far the ‘most important source from which the needful supplies for our 
furnaces are derived. The seams of ironstone belonging to this formation 
crop out on a considerable extent of the coast-line of the shale beds, which, 
in addition, contain large balls of the same ore. In rocks so hable to disin- 
tegration from atmospheric influence these have fallen away, and in conse- 
quence considerable quantities of ironstone, freed from the adhering shale, 
are to be found on the beach as rounded pebbles, and even as masses of rock. 
In modern times the ore so separated from its parent bed attracted the atten- 
tion of those ironmasters who commenced smelting the ironstone of the 
coal-field. Mr. Joseph Cookson, in a very interesting document drawn up 
for the writer, mentions that for the Whitehill furnace, built in 1745, and 
abandoned before the end of last century, ironstone was gathered in Robin 
Hood’s Bay, and conveyed by water to Picktree, on the Wear, near Chester- 
le-Street, and carted from that place to the works. Soon after the year 1800 
the Tyne Iron Company obtained ironstone in a similar way from the beach 
between Scarborough and Saltburn ; and, according to Bewicke, in his work 
on the Cleveland ironstone, that firm commenced, between the years 1815 
and 1820, to tear up the stone from its bed at different parts of the coast. The 
exposed character of the Yorkshire shores and want of shelter rendered the 
conveyance of ironstone to the Newcastle furnaces a task of great difficulty 
and of some danger; and, therefore, it was not until the stratum furnishing 
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it was discovered inland on a line of railway, at that time recently opened, 
that any large quantity of this lias ironstone was consigned to the iron- 
masters of the Tyne. It is stated that the discovery of this bed is due to a 
Mr. Wilson, then a partner in the Tyne Iron Company’s Works, who pointed 
out its position at Grosmont, about five miles from Whitby, in 1836. The 
seam, being 4} feet thick, was cheaply worked, sent down the railway, and 
shipped at all seasons for the Tyne, where it would at that time cost about 
9s. per ton. It is probable that ultimately as much as 80,000 to 100,000 
tons of it were annually smelted in the north-country furnaces. 

Much surprise has been expressed at the time which elapsed between 
this discovery in 1836 and the period when the importance of the bed of 
ironstone became so immensely increased by the large quantity of ore 
extracted from mines opened in it since 1850. This is not so difficult of 
explanation as might at first appear. The Whitby ironstone, as it was then 
generally called, was known over a distance of coast not far short of ten miles ; 
and its character to the west, five miles inland, had been also sufficiently 
explored. Over the whole of this area its yield of metal had been uniform, 
viz. about 25 per cent. No doubt the owners of the blast-furnaces which 
had been built on the Tyne for smelting local ores were too glad to obtain 
a cheaper stone eleewhere, particularly when hot blast increased the con- 
sumption of their furnaces, already indifferently supplied, and competition 
with Scotland ran down the price of iron. Whitby harbour, for these firms, 
was more convenient than the Tees, because vessels coming down in ballast 
more easily ran into the former than up the somewhat intricate navigation 
of the river, and there was no reason to suppose that a seam of ironstone 
which had so uniformly maintained a low percentage over fifteen miles of 
country should, in this respect, as well as in. others, change so rapidly in the 
next dozen miles, That the introduction of the stone from Whitby did not 
confer any great advantage on the Tyne smelters is proved by the fact, that 
for fourteen years after its discovery only two furnaces, and those built 
under somewhat peculiar circumstances, were added to the five in blast pre- 
vious to the importation of this ore. The fact was that, with the exception of 
one or two years, the Tyne never could compete in selling “ mine” iron 
against the market price of the Glasgow makers. No practical man, there- 
fore, was likely to be led into the expenditure of capital by a year or two’s 
prosperity, with the knowledge of the superiority conferred on his Scotch 
competitors by their fields of black-band. Between the years 1840 and 
1850, the cost of ironstone on the ton of iron was never, at the Birtley Iron 
Company’s Works, lees than 26s. 3d., and this only when the trade was in 
an exceedingly depressed condition ; 30s., and as high as 34s., was the more 
ordinary figure. e average selling price of iron at Glasgow over eleven 
years was within 6d. of the cost at the Birtley Iron Works, and to obtain this 
the owners must have charged the coal from their own pits at less than 2s. 
per ton laid down at the furnaces. During five years of the eleven, iron 
was cheaper at Glasgow than the cost at Birtley even with the coal supplied 
at le. 6d., or thereabouts, per ton. In 18-45, both the owners of the Walker 
and of the Tyne Iron Works sought to mend their position by looking for 
royalties of black-band in Scotland, and, in consequence, there was brought 
for some time a considerable quantity of that mineral to the river Tyne. 

Matters were in this state when Messrs. Bolckow and Vaughan, who, in 
1840, had built a rolling mill at Middlesbro’, added at Witton Park, in 1846, 
the process of smelting to their operations. They were induced to do so by 
an offer of ironstone to be supplied from the coal-field near Bishop Auckland. 
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In these expectations, as had happened to their colleagues on the Tyne, the 
were disappointed, and, like them, they had recourse to Whitby. In one 
respect, however, their position differed from that of the ironmasters further 
north. In a voyage of fifty miles, ten miles more or less is a small sm- 
fice compared with securing a good harbour ; but where the ironstone-me- 
sures were known to run close to the mouth of the river upon which the 
works were placed, it was obviously a matter of importance to draw the sup- 


plies of ore, or as much of it as could be obtained, from the nearest peiat. | 
Examination of large detached masses which had fallen from the cif kd — 
Messrs. Bolckow and Vaughan to Skinningrove on the coast, at which plxe. — 


to their surprise, they found the bed had thickened out from 41 feet to nesry 
14}, and instead of 25 per cent. of iron it contained 31. So far was act- 
dent; but that firm, experiencing the usual inconvenience arising from © 
exposed place of shipment, sought for, and found in 1850, the position of the 
ironstone inland. It is not pretended that the merit of original discovers 
belongs to Messrs. Bolckow and Vaughan in reference to this extraordiny 
deposit of ore. On the contrary, Mr. Jackson, the father of the prestt 
owner of Normanby Hall, sent, in 1811, two waggons of it to the Tyne Irc 
Works. Mr. Bewicke, senior, was also, a year or two before its position 
land was recognized by Messrs. Bolckow and Vaughan, aware of its existeat 
near Guisbro’. Indeed, so early as 1839, a Mr. Neasham had despatched + 


entire cargo to the Devon Iron Works at Alloa, in Scotland, at whieh est!> 


lishment it met with an indifferent reception, being tipped over the rubhit- 
heap very soon after its arrival. In the minds of none of these gentleme: 
however, did the mineral excite that confidence in its value which the :tt- 
sequent labours of the Middlesbro’ firm ascertained it possessed, and t» 
whom undoubtedly, therefore, ig due the merit of having introduced it } 
the immensely important place it now occupies. The lias rocks cons" 
other beds of ironstone, to which reference will be hereafter made, when 
composition of the Main Cleveland seam, and its use as an ore of ivr, st 
spoken of, ° 
We have thus seen that, in a district embraced within the four counts d 
Northumberland, Durham, Cumberland, and Yorkshire, the coal-forms* 
contains the usual clay ironstone; the mountain limestone has farnisbe! 


to a limited extent some black-band and nodules of ironstone, and 3 3° | 


affording spathose ore and brown hydrated peroxide of iron, as well #5 '°T 
large quantities of the finest red hematite; lastly, in the lias beds of York- 
shire there are found inexhaustible deposits of argillaceous ore. Besides 3 


these, and profiting by the return of light colliers, some small quantite af 


other ores, both foreign and British, are conveyed to the Tyne, but not to #* 


extent to render them worthy of more especial notice. The composition ef 


the various minerals now in use will be given when the subject of the: 
metallurgical application comes, in its proper place, to occupy our attentio® 
Historical Account of the Manufacture of: Iron in the North of Englast— 


It is now proposed to show in what order, and in what manner, the varc® — 


ores of iron, met with in the different geological measures in the North of 
England, have been made available in a metallurgical point of view. 
Before entering on this part of his task, the writer would take the opp 
tunity of expressing his acknowledgments to Mr. Hodgson Hinde, to wh 
antiquarian researches he owes some valuable information respecting 
earlier production of iron in the North of England. , 
Notwithstanding the varied character of the different ores of the distr! 
under review, and the want of indication of metallic contents of some, 
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property that even these have of “ rusting” on exposure to air and moisture 
appears to have made known the existence of all at a very early period of 
our history. The labours of Hodgson, Wallace, and others leave little or 
no doubt that the smelting or reduction of iron ore was carried on to a con- 
siderable extent in this part of the country during its occupation by the 
Romans. Vast heaps of iron scoria may be seen on the moors in the 
parishes of Lanchester and Chester-le-Street, in the county of Durham, and 
in the valleys of the Reed and the Tyne, on the mountain limestone, in 
Northumberland. It is remarkable that none of these are very remote from 
one or other of the Roman stations which dre scattered over these two 
counties. The same observations respecting an early use are, to some ex- 
tent, applicable to the lias ironstone; and, no doubt, proper investigation 
would indicate a similar state of things wherever iron ores were near the 
surface, and the state of society required the metal they contained. That 
furnaces, or ‘‘ bloomeries,’’ were continued or re-established in some of the 
same situations is proved by an inquisition of the death of Gilbert d’Um- 
fraville, Lord of Redesdale. In the catalogue of his possessions, a.p. 1245, 
there are mentioned, “‘ forgis que reddunt ferrum, quod reddit per annum 
iiij 1 ijs;’”? and that ironworks existed in the county of Durham in the early 
part of the 17th century appears from a curious tract written in 1629, 
entitled “‘ A Relation of some Abuses committed against the Commonwealth, 
composed especially for the county of Durham.” The author, who signs his 
initials “‘ A. L.,”’ instances as the first abuse the great destruction of timber, 
chiefly for the sake of bark for the tanneries, but in one instance, at least, 
for smelting-operations. He says, ‘‘ There is one man, whose dwelling- 
place is within twenty miles of the city of Durham, who has brought to the 
ground (to omit all underwood) above 30,000 oaks in his lifetime, and (if he 
live long enough) it is doubted that he will leave so much timber in the 
whole county as will repair one of our churches if it should fall, his iron 
and lead works do so fast consume the same.” 

Hitherto, of course, all these smelting-operations have reference to the 
small bloomery or hearth in which, with a little ore and some charcoal blown 
by the wind in exposed situations, or subsequently by rude bellows, a 
*¢ bloom ” of malleable iron was obtained*. 

The German colony of ironworkers at Shotley Bridge established them-' 
solves at that place in the reign of William III, At some time or another 
afterwards a small high-blast furnace, five or six feet in the boshes, was 
erected there, the remains of which, according to information received, are 
still visible. Wallis, in his ‘ History of Northumberland,’ published in 1769, 
mentions an ironwork which existed some years previously at Lee Hall, near 
Bellingham, under the management of a Mr. Wood, “ who made a good deal 
of bar iron; but, charcoal becoming scarce, he removed to Lancashire, where 
he attempted (unsuccessfully) to make it with pit coal.” Although bar iron 
only is mentioned, there is no doubt, from the remains still existing, that 


* This simple mode of smelting, viz. the bloomery, is the one which appzars to have 
been universally adopted in the first instance for obtaining iron. Captai Grant, who has 
recently returned from his expedition to the source of the Nile, found the inhabitants of 
the Land of the Moon gathering small nodales of ironstone from the sides of the bills, 
and smelting them on the bere ground in a charcoal fire. The blast was produced by two 
or four persons working each a small bellows formed of wood and goat-skins. At the end 
of the wooden bellows pipe was a short tube, or tuyére, of baked earthenware, which con- 
veyed the compressed sir to the fire. The bloom resulting from the operstion was beaten 
into a thin bar and then drawn out into wire, which was chiefly used for ornamental pur- 
poses.— Private Letter to the Writer. 
1863. 3B 
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Wood also produced pig iron. Charcoal iron was also smelted from some of 
the bands of clay ironstone at Bedlington, where the old calcining-kins are 
still visible, or were so until very recently. No iron, however, has, as far s 
can be ascertained, been made there for more than a hundred years. 

The inroads which iron-smelting, together with other metallurgical open- 
tions, &c., had made upon the forests were such, that in the reign of Queen 
Elizabeth four Acts of Parliament were passed to restrict the consumpim 
of timber, especially when applied to the manufacture of iron. To supply 
the deficiency thus occasioned, schemes were proposed so early as 1612 by 
Sturtevant, and subsequently in 1621 by Dud Dudley, for smelting re 
with pit coal. The unsuitability, however, of the arrangements in use fr 
smelting with charcoal when applied to mineral fuel, in all probebilty 
delayed this important amelioration taking effect for a hundred years afte 
its first suggestion by Sturtevant. The small furnaces and bellows of vey 
limited power, which did very well with charcoal, would be literally useles 
when applied to coal or coke. After various ineffectual attempts by Buck 
and others, about 1713 the Darbys of Staffordshire reduced the applicata 
of pit coal to one of practical utility in that county. Darby’s progress, how- 
ever, must have been slow, and his success limited; for the number of blast- 
furnaces in the country had, in the meantime, decreased from 300 to &, 
so that in 1740 the make of pig iron in England had fallen to 17,850 tom, 
from about 180,000 tons, the chief portion of our requirements beng 
imported from Sweden and Russia. To Mr. I. Cookson, who had recently 
purchased the Whitehill estate, near Chester-le-Street, the merit belongs d 
erecting and working the first blast-furnace with coked coal in the North d 
England. The Whitehill furnace was 35 feet high, 12 feet across the boshe, 
and produced 25 tons of iron per week. The blast was supplied by a bellows, 
worked by a water-wheel, placed on Chester Burn. Its mode of supply 
ironstone was from the thin bands on Waldridge Fell and from Robin Hoot's 
Bay, as has been already mentioned. The coal, of course, was obtained from 
the immediate vicinity. Mr. Joseph Cookson, a descendant of the founder 
of pit-coal smelting in this district, has given many curious particulars 
specting thie early attempt. The iron was used for colliery castings, and 
latterly for Government ordnance. Frequent interruptions for want of wait 
to drive their wheel led at length to the furnace being “ gobbed,” and ult- 
mately abandoned, about the close of the last century. 

Whatever advantages, in point of minerals, any district might stand po 
seased of, its power for turning them to profitable account depended st ths! 
time on the existence of a fall of water sufficient to drive the needfal blowing: 
apparatus. ‘The discoveries of Watt prevented the want of hydraulic powe 
being any longer an impediment, and in a short time the obedient steam 
engine was appointed to supply the n blast to iron-farnaces. Not 
withstanding the poverty of our coal-field in ironstone, the high pnece of 
iron—£8 per ton—and the small quantity of ore required for s furns 
when forty tons of iron was the usual week’s make, induced the Tyne Troa 
Company, in 1800, to erect their two furnaces and a steam blowing-eng 
at Lemington. An idea of the cost of manufacturing pig iron in those ds) 
is not without interest as illustrative of the disadvantages of this 
district as an iron-field. The particulars are kindly fornished by Mr. ¢ 
Clayton Atkinson, one of the present members of that firm, so that ther 
correctness may be relied on :— 
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Ironstone ...... deeccccersceccacesess 3°44 tons at 160. 1d. fa 15° 5 
Hematite ore .....cccccescccnececs "II gg «= 318. 6d. Oo 3B 
£2 18 10 
Flux (chalk)  ........-ccsscssesees 1380, 28. 6d. 02 9 
Coke .......cscccccscscscsvscscssenses BAO 451 BBe SMe coc ccseee r99 
Labour, &. ........ eeeeeeees Adecececescccscces Co ecesesscccesernesececes 014 2 
£5 § 6 


These details are of the year 1812, when cold blast alone was employed. 
The make from one furnace was 2547 tons; equal to 49 tons per week. 
The ironstone, with the exception of 806 tons of “ beach stone,” was all the 
produce of the thin bands of our coal-measures. 

In 1825 pig iron roge in value to the unprecedented price of £12; and as 
a considerable portion of the stone smelted by the Tyne Iron Company was 
the produce of pits at Urpeth and its neighbourhood, Messrs. Perkins, Hunt, 
and Thompson, who were extensively engaged in coal-mining in that locality, 
blew in two furnaces, in 1830, which they had built at Birtley. Their 
operations, like those of their predecessors at Lemington, exhibit, with equal 
force, the absence of the elements of success in our coal-field for the manu- 
facture of iron even when the fuel was supplied to the furnaces at the low 
rate of 2s. per ton or less. The following is copied from their cost-book, 
and represents the workings for two furnaces for 1835, when hot air was 
used—an improvement introduced at Birtley in 1831. The make was 4390 
tons, ar only 42 tons for each furnace per week. The cost per ton of iron 
was, for 


Tronstone .......ccccccscesccvcccsserceccnccssace £1 18 1} 
Flux (chalk) .0.,.....scsscscccccesessessscees o 2 7 

Coal (5 or 6 tons probably) ......000...... ° 7 
y OO. ci reccscecsccsescerescsencscssceees O14 2 
Sundries .......cccscsscossees pesscncccveceesens om 32 
Total........ss-200 £316 1 


In 1836, the furnace at Wylam was put into blast by Messrs. Thompson 
Brothers to smelt ironstone expected to exist in great abundance there, as has 
been already explained. . 

We have now arrived at that period in our history of the iron-trade which 
was followed by a gradual but, ultimately, an entire change in the sources 
from which the furnaces of this district derived their supplies of ironstone. 
So early as 1836 a cargo of that ore, which in time displaced all others at 
the then existing works on the Tyne, so far as local ironstone was concerned, 
was sent from Grosmont, near Whitby, to Birtley. In the year 1833, and 
up to 1839, pig iron had ranged from £4 10s. to as high as £9 per ton in 
Wales. The demand for iron in this neighbourhood was so vastly on the 
increase, that the ores of the coal strata could not meet the growing require- 
ments, and the Whitby stone had not inspired much confidence either for 
economy or quality of the iron it produced. In consequence, speculators 
began to pay attention to those deposits of ironstone spoken of as being 
connected with the mountain limestone. Ridsdale was the place selected by 
Mr. Stephen Reed, Mr. Thomas Hedley, and others, where the stone ex- 
isted, as has already been described, and where coal could be obtained from 
a seam from 2 to 24 feet thick, situated in the same geological formation. 

Although pig iron had fallen in 1840 to £3 12s. 6d. at Glasgow, and in 
1841 was selling at £3 5s. per ton, a second work, to smelt the same bed of 
ironstone with the coal 24 feet thick, lying 70 fathoms below the ironstone, 
was put in blast at Hareshaw; a second furnace was subsequently built at 
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Ridsdale, and two more at Hareshaw. There is no doubt that the im 
produced from this bed of ironstone was of a very excellent descriptwn. 
Both works, however, were nearly twenty miles from a railway, and twenty 
more from a market ; so that their iron cost, according to Mr. T. J. Tayler, 
12s. per ton for carriage to the consumer. After some years of fruitles 
struggle to meet the competition offered by Glasgow, both of these establish- 
ments were closed and finally dismantled. 

About 1840, Messrs. Bigge, Cargill, Johnson, and others, who had 
purchased from the projectors of the Ridsdale Works that concern, had the: 
attention directed to the beds of ironstone described as lying in the ceal- 
measures near Shotley Bridge. A pair of furnaces were speedily erected and 
set in blast. A larger company was formed, and an immense establishme! 
was constructed. Twelve blast-furnaces were built, large rolling-mills and 
all the necessary mines, mining villages, c&c., followed in rapid successio. 
Until 1850 the furnaces went on devouring the minerals found in te 
neighbourhood at an alarming pace, having in the meantime mede extenstt 
trials of those from the lead-veins of Weardale. In 1850, the recent dis- 
coveries in Cleveland promised relief from the impending famine; and m4 
very short time, in spite of a distance of about fifty miles, the ironstox 
from that district, with some hematite for a mixture, entirely superseded the 
stone lying adjacent to the furnaces. 

In 1842, Messrs. Losh, Wilson, and Bell, who for fifteen years had beet 
making bar iron, built a blast-furnace at Walker for producing forge pig 
smelting their mill-furnace cinders with Whitby stone, and this was followed 
by a second one in 1844; so that these were the first furnaces ever bu 
expressly for smelting the recently discovered ironstone at Whitby. 

About this period, Mr. Charles Attwood, in concert with Messrs. Bantg 
and Co. of London, purchased a small furnace then recently erected + 
Stanhope by Mr. Cuthbert Rippon, and built five others at Tow Law i 
smelting the “ rider ore” (carbonate and oxide) of the lead veins. Theres 
no doubt that, owing to the extreme irregularity of this kind of materi. 
immense labour and expense were at first incurred, and, as 
quality of the produce, frequently with very unsatisfactory results. Bett 
acquaintance, however, with the veins and their contents has enabled th! 
firm now to produce iron of a very high class—so good, indeed, as closely ® 
resemble in composition and quality the celebrated German “ Spiegel Euse. 
For bar-iron purposes it bears a high name, and has, like its prototype ™ 
Germany, been found well adapted for the manufacture of the finer kinds d 
steel—an application, as is well known, confined exclusively to the pur 
descriptions of metal. 

In 1846 Messrs. Bolckow and Vaughan erected the furnaces at Witt” 
Park, in the Auckland district, for emelting ironstone expected to be obtaine! 
in that vicinity. We have already heard how these hopes were disappo™ 
and Whitby resorted to, as it had been by almost every furnace-owner in tt 
North. 

Although only remotely connected with our subject, if may a8 well & 
‘mentioned that a company of gentlemen had erected at Cleator Moor, 0 
Whitehaven, a couple of blast-furnaces for smelting the hematite iron-oF ’ 
that district, an example which has been somewhat extensively follov 
since. The iron mado is of good quality, and, the ore being rich, 61" 
mense quantity, as much as 500 tons weekly, or more, is said to have beet 
run from one furnace. 

To avoid interrupting the remainder of our subject, which will hereafter 
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be confined almost exclusively to the Cleveland stone, mention may be made 
of other trials to render available the bed of ironstone-nodules of the moun- 
tain limestone. This was attempted at Brinkburn, on the Coquet, but after 
a very short trial the works were closed. Another experiment was made at 
Haltwhistle with a similar view, but it also was abandoned soon after the 
erection of the works. 

At Bedlington two farnaces were constructed to smelt the same bands, 
formerly used at the charcoal-worke in that locality, with an admixture of 
Yorkshire stone, mill cinder, and other materials, but these also were only a 
short time in operation. 

We have now arrived at the period when the newly discovered Cleveland 
bed of ironstone was about to supersede all other modes of supply of this 
mineral, and the present will therefore be a convenient opportunity of esti- 
mating the position of the iron-trade previous to its introduction. This will 
be most readily done by glancing at a list of the furnaces then in existence, 
which were as follows :— 


Furnaces. Proprietors. No. Description 
Lemington...... Tyne Iron Co....... 2 Whitby stone, black band, andi hematite. 
Birtley ......... i Iron Co.... 2 Whitby stone, &. 
Wylam ......... Bell, Brothers...... I o. black band, hematite, &c. 
formation. 


Ridsdale......... Ridsdale Iron Co. 2 Nodules from mountain-limestone 
Haresha D do 


0. . 

Shotley Iron Derwent Iron Co. 14 Bands of ironstone from coal-measures, and 
Works. hematite. 

Walker ......... Losh, Wilson, 2 Whitby stone, black band, hematite, &. 


and Bell. 
Tow Law and Weardale Iron Co. 6 “Rider ore” from lead-veins, and a portion 
Sta . ‘from coal-measures. 
Bedlington ...Longridge and Co. 2 Whitby ironstone, and a portion from coal- 
measures, 
Witton Park...Bolckow& Vaughan 4 Do. do. 


Total............ 38 Furnaces. 


The entire make of all these furnaces would never exceed 150,000 tons 
per annum during the period under consideration. 

We have now (7. ¢. a.D. 1851) brought up the account to what substan- 
tially i in principle is the position at present occupied by the manufacture of 
iron, on, or in connexion with, the Newcastle and Durham coal-fields. In 
pursuing the narrative, illustrating the development of the trade, it will be 
convenient to give, in the order they arise, some account of the character 
and composition both of the raw materials used and of the products 
obtained. 

Ooal.— Notwithstanding the varieties of coal which occur in the northern 
eoal-field, the whole, with few exceptions, are more bituminous in character 
than the produce of other localities in this country. North of the Ninety- 
fathom Dyke is the district where the Low Main of the Tyne (Hutton Seam 
of the Wear) furnishes the least caking coal we possess; but even here the 
small coal, when coked, loses all trace of its original form and leaves the ovens 
as large masses of coke. At Wylam, Walbottle, and other places, a thin layer 
of a dry-burning splint coal does-occur in connexion with a seam of a highly 
caking description, but the entire ne p of it, and of any other similar 
variety, is very insignificant. The caking property, although very valuable 
for many purposes, entirely unfits the coal of thi this district for use in the raw 
state in our blast-furnaces, where its fusing property, by impeding the blast, 
causes the contents of the furnace to hang and slip, and thus to descend at 
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irregular intervals. Against this disadvantage, however, possessed by our 
coal, may be placed the extreme hardness and strength of the coke it pr- 
duces, which is thereby rendered capable of resisting the crushing effect of a 
high column of materials as they exist in our blast-furnaces. An expenmat 
at the Clarence Works showed that a cube of coke 2 inches on a side mp- 
ported a weight of 25 cwt. when cold, and 20 cwt. when hot, before it wu 
crushed. Dr. Richardson gives the following analyses of coal from this end 
other districts, the latter being given for the sake of comparison :— 


Locality. Sp.gr. Carbon. Hydro- Nitro- Sul- Oxygen. Ash Ca ik 


gen. gen phar. by Coal. 

18 Samples, Newoastle 1°256 S215 $3: 195 «ag 5690 «3°77 «Sot 

36 do. Wales...... 1315 837 479 ‘98 1430 «415 «491 «78% 
48° 


8 do. Sootland...1259 33 g6x roo 13x g69 403 543 

7 do. Derbyshirers192 79° 4°94 (41 ror 10°28 2°65 = §933 

The purity of the coal is by no means an infallible indication of its fitnes 
for the manufacture of a suitable coke for iron-furnaces. Not only is con- 
parative freedom from ash and sulphur indispensable, but we must have cn- 
currently the power which depends on some circumstance we do not clearly 
understand, of producing coke sufficiently compact to come down to the regut 
of fusion in our furnaces without being much crushed on its way. 

To form an idea of the extent to which ash and sulphur exist in the colt 
of the South Durham coal-field, the following analyses are extracted from tk 
Clarence Laboratory journal :— 


Ash per cont. Sulphur per cent. 
5° . o'§ 
5 79 eee ees ooe eee eee eee 0°63 
7°54 eee ase bee ose ees ees o°”77 
"a0 eee eae @ee aes eon eee 0°44 
5 


"33 a -O ) 

As a rule, 6 per pent. of ash and about 60 of sulphur may be considered 
as the average analytical results of the best coke of the district just quoted. 
Following the example of our neighbours abroad, plans have been intro 
into this neighbourhood of submitting coal of an inferior description to 
washing process, by which, where the earthy matter is not part and par 
of the coal itself, a very large quantity of impurity is easily removed. 

Limestone.—A very few words will exhaust this section of the subject. 
certain districts the magnesian limestone, although differing little in colow. 
&c., from the rock in other localities, is nearly entirely carbonate of lime, a4 
the mountain limestone almost invariably, from its purity, satisfies the 0 
ditions required by the iron-smelter. These two, but principally the latter. 
with a little chalk, brought by coasting-vessels as ballast, constitute the fu 
in the iron-furnaces. The following analyses from the Clarence Laboratoy 
show the composition of 


Mountain Magnesian Chalk fros 

Limestone Témeatone, South of 
Insoluble in Hydrochloric acid ...... 2°00 ececseeseee "D5 cevsecansees 1°96 
Peroxide of Iron and Alumina ...... "QS ne caseecees "QO sececsenseee 1°34 
© iicccsceseccecessatesssesesscreneseenes 53°35 sescceecees (7 | ee 53% 
Te deaacsssaeseesserees B  essssesenes AY serscceccens 3 
Carbonic acid .......cccesecsessnscenses ATOR — ssaccccsnsee AIGR — carccrecee oe 4399 
100°43 99°82 10066 


The chalk contained 21 per cent. of water. 
Ironstone of the Lias.—It will be foreign to the intention of the presea! 
communication to attempt anything like a minute desoription of the dstnt 
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over which the deposit of ironstone, embraced within the title of this section, 
is found. Mr. John Marley, whose name has been, from the first, associated 
with ita discovery in the neighbourhood of Middlesbro’, and who has devoted. 
much attention to its geological position and extent, and the late Mr. Joseph 
Bewicke, to whom a long practical acquaintance with the subject gave abun- 
dant opportunity of studying this question, have both written on the subject 
at considerable length. To their works—the former in the Transactions of 
the Northern Institute of Mining Engineers, and the latter in a work on the 
Cleveland Ironstone—those persons who desire more detailed information are 
referred. 

It may be briefly stated, however, that Mr. Bewicke gives the dimensions 
of the field of ironstone as thirty miles by sixteen, from which he deducts 
sixty miles for denudation, giving a net area of 420 square miles. Tho 
brother and partner of the writer, Mr. John Bell, who possesses a very com- 
plete knowledge of the district, prepared models and maps of the country 
which agree pretty closely with these estimates. Mr. Bewicke roughly con- 
siders the yield to be 20,000 tons per acre, and hence infers that close on 
5000 million tons are contained in the Main Cleveland Seam, within the 
limits laid down®. We have already seen, in the preliminary account of this 
bed of ironstone, how varying in thickness it is. In some places, also, it 
becomes more or less split up by bands of shale, a circumstance which of 
course interferes greatly with its commercial value. Commencing with 
Grosmont, near Whitby, where it was first wrought in a systematic way, 
there are found two seams of ironstone, known as the Pecten and the Avicula 
bands. The former consists of 3 feet of ironstone, divided in the middle by 
s bed of shale 1} foot thick. Separated from this by 30 feet or more of 
shale is the other seam, the Avicula, embracing 44 feet of ironstone, along 
with 2 feet of shale; and it is by these two bands uniting, as well as increas~ 
ing in thickness, that we have further north the Main Cleveland Seam, as it 
is termed. In the northern portion of the field considerable irregularity in 
character is also observable. At Codhill the bed has an extended height, but 
is so interspersed with foreign matter that it is found necessary to confine the 
mining to a section of 54 feet; and the produce, from the circumstance of 
more or less shale bands running through the ironstone itself, is only about 
28 per cent. of metal. A little to the east of Codhill are the Belmont Mines, 
where the shales thin out, and in consequence the yield of iron is about 30 
per cent., the seam at the same time having increased in height to 7} feet. 
At Skelton, still further east, a marked improvement, both in thickness and 
in quality, is again discernible. The workings there are frequently 10 feet 
high, and a recent analysis of the entire section of stone gave above 36 per 
cent. of iron. The north side of the Vale of Guisbro’ is formed by an elevated 
ridge of land separating this valley from that of the Tees. At the western 
edge of this ridge are the Normanby mines, where the stone is worked at an 
average thickness of about 8 feet, containing 314 per cent. of iron. There is 
a general dip of the seam to the east from this point, and in its progress in 
that direction there is a gradual increase in thickness, and a little improve- 
ment in percentage of iron. It continues in this way past Eston and Up- 
leatham, until it reaches Rockcliffe, where it attains a thickness of nearly 


* In an estimate recently made by the writer, based on the researches of Messrs. Hugh 
and T. J. Taylor, T. Y. Hall, &c., there would appear to be in our northern coal-field six 
thousand million tons of coal left for future use; so that there in just about fuel enough 
in the one district—reserving it for that purpose exclusively —to smelt the ironstone of 
the main seam of the other. 
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18 feet, after which it splits again into bands, and, as far as is known, resumes 
towards the east and south the character formerly observed as attaching toit 
at Grosmont, near Whitby. 

From the details just given it will be seen that, although the quantity 
ironstone in the Main Cleveland Seam is practically inexhaustible, the portion 
which, in recent years, has yielded such immense quantities of rich minerd, 
as far as we can at present judge, occupies comparatively a very limited area. 
Commencing at Swainby, near Osmotherley, which is the most western punt 
where the bed is worked, its thickness is not much above 3 feet, and the per- 
centage of iron under 28. It improves gradually in a north-eastern directa 
past Kildale, where a working was attempted, and abandoned, by the wmiter's 
firm. It is not until we reach Codhill, thirteen miles from Osmotherley, tht 
the seam is considered worth extracting; and a line from this point to Reck- 
cliffe, on the coast, a distance of twelve miles, will probably be found as formmz 
the southern boundary of the best stone; so that, after making the neceseay 
allowance for denudation, twenty to thirty square miles may be assumed 3 
the extent of the area, of which a considerable portion lies at a great depth. 

Much more irregular in its features is the so-called Top Seam. At Nor- 
manby and Eston little more than its position can be recognized, and through- 
out the entire field it varies from a few inches to many feet in thickness. Jn 
richness of iron it is not less changeable, giving from 20 to 35 per cent. of 
metal, according to the locality from which the sample may be taken. In 
the Main seam thero exists a certain degree of uniformity, even in the change 
of thickness and richness; but in the Top seam both alternate very frequently 
in a most unlooked-for manner. On the western side of the district Ingleby 
Greenhow is the most northern, and indeed the only place where the Top seat 
has been wrought in that direction. In the mine there its thickness wes? 
feet, and ita richness in.iron 34-75 per cent. On the other side of the valley 
it thinned away to a few inches, containing 37-65 per cent. of metal. Near 
Osmotherley the seam is several feet thick, and in it a few inches at the top 
contain 41 per cent. of iron ; these are succeeded by 3 feet of stone, with 245 
per cent., lying upon the top of 10 feet, giving 16-70 per cent. of iron. (2 
the east coast, at Port Mulgrave, Messrs. Palmer formerly worked a small 
district of the Top seam 4 to 44 feet thick, which on analysis gave 30-99 pet 
cent. of iron. In Goadland Dale, Glazedale, Fryup Dale, and Danby Dale 
this seam varies from 5 fect to 8 or 9 feet in thickness, and yields from 20! 
25 per cent. of iron. In one case it is as low as 9°33, and in another case 3 
high as 30°11 per cent., but both of these results were from a very limited 
area. Unless the magnetic ironstone worked at Rosedale Abbey is a portion 
of this Top seam, about which some doubt has been expressed, all the work- 
ings in connexion with this bed have been abandoned from the causes jt 
enumerated. 

A word or two respecting the mode of extracting the ironstone from the 
Main Cleveland Seam in the northern portion of the field, i.e. near Middlesbr’’, 
will probably not be considered as altogether superfluous. There is a portil 
of the bed at the top 3 feet thick, over and above the heights of the sm 
formerly given, and separated by a parting from the remainder of the bel, 
which parting varies from being a mere point of separation to a thickness of 
6 or 7 inches. When it attains this latter thickness, or even less, its contents 
are so impregnated with bisulphide of iron as to give 28 per cent. of sulphur. 
This band, being easily detached from the ironstone, was applied in the 
chemical works at Washington as a substitute for ordinary pyrites, and cot 
tinued to be sp used until a manufactory at Middlesbro’ was able to consumt 
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all the produce of the district on the spot. An analysis of the 3-feet and of 
the sulphur band will be found in the table hereafter given. The 3-feet is 
lcft in the workings to form the roof of the mine. The remainder of the seam 
varies from 8 to 10 feet in height, and indeed occasionally reaches 16 feet, or 
even more. In extracting the stone, headways are driven 9 feet wide and 


90 feet apart, from which, at 
feet wide. By this system “ 


intervals of 30 feet, boards are excavated 15 
pillars” are left 90 feet long by 30 feet wide. 


When the limits of the royalty are reached, or when, from any other cause, 
it is deemed necessary to work the pillars, they are removed, with something 


like a loss of 10 per cent. of 
from faults, the whole of the 
brought away. 


their contents, so that in a good working, free 
ironstone, within perhaps 74 per cent., can be 


The following tabulated results of analyses will give a correct idea of the 


co ent 
tion of the district where it is 


Protoxide of iron... 
Peroxide of iron ... 


Sulphur eee ee 
Sulphuric acid _... 
Phosphoric acid ... 
Organic... . 
Water ... 


Authorities ... 


of the Main Cleveland Ironstone Seam, taken from that por- 


found in the greatest perfection :— 


Normanby, 

ormanby. axersee Eston. Upleatham. 

38°06... 39°92 37°07 

2°60... 3°60 4°48 

“74 wee °95 — 

5°92 7°36 13°37 

777+ 744. 4°67 

416... 382 . 2°69 

ee — °27 ave — 

. 22°00 22°85 . 23°46 

10°36... o. 8:76 10°63 

"lq vee so — 

1°07 i” 5°86 117 

4°45 2°97 3°36 

aa pees . 99°90 

rk ) 2 ~ Serre kh) eer Sh / 
. nce Lab. Dick. Geol. Survey. Crowder. 


Skelton. 
Protoxide of iron ......0s000 45°60 .eoeee 44°31 cnccee 33°86 sescee 9°97 
Peroxide of iron eorece OObere — o¢e ~———" gevece 47 ecvcee — 
Protoxide of manganese ...0 °75 sssses —— ceceee "96 ...s00 — 
AlUMING,.....cccsscccccscssece 8°51 as-c00 11°66 wccsee 6°92 ...006 8°47 
TAME... ccccccesccccccccrccceces "33 secase 4°66 ..0000 5°82 weve §=— 49 
Magnesia cecccrcccccsseeverees 3°85 c.eee. 2°33 cevese 3°84 cocrse 1°07 
Potash Codesecressanecaasesesas ——m ecnse e — e — e990ase — 
Carbonic acid  .....00. erecves 2I°ZO one { 27°25 veseos ZS°OO ..ssee — 
includes water. 

Bilion ......ceccsscscssccsvevvece TO°SA ooseee 7°66 2... 15°24 oseeee 10°94 

Sulphur — 1 28°37° 
PHUP .....cseccsseereoreevees  aenene Oh sesace 40. 24°32 
Sulpburic acid ............... secon — ceeeee — ceeaee _— 
Phosphoric acid ............ B°Q2 ...0s. 1°Bo ...... 1°40 ...... — 
Organic ........scccccssceeeeees hese  casees  tesees — 
Water eneeeaseces Otcocvenvessesae ommm tectes ast sewcne 3°69 ences 33°20 
99°78 100°71 7°60 7°33 
Metallic iron ...........008 tree 35'GG cceces 34'HZ ceceee 26-66 coeeee ? 38 

Authorities ...... Clarence Clarence Clarenco Clarence 
; _ Lab. Lab. Lab. Lab. 

The relationship existing among the earthy constituents of the Cleveland 


* §a)phur and iron, as bisulphide of iron—s8°47 sulphur, 24°82 iron. 
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ironstone, it will be seen, varies somewhat in different localities. This is not 
to be wondered at, for in fact the seam itself in the same section is by no 
means uniform in its composition. A moment’s inspection of the furnaces 
working the ironstone of the district enables a practised eye to perceive a 
very marked difference in the general character of the slag compared with 
that usually seen at ironworks. Although it flows hot and fluid, it is ex- 
tremely stony in its fracture, with scarcely a vestige of a vitreous natare. 
A very short comparison of the relationship which the earths bear to each 
other in ores of other parts of the country with those under examination will 
explain this. The following may be instanced :— 


Low Moor Parkgate. Butterley Brierly 


Bilion.......10005 60 seers. BA ceccee SG sarees 60 cance 52 ccocce 3% 
Lame .orccccccvee Q  aenees 13 cscees + seveee °° cecees 1% caccee az 
Magnesia ..... © 8 cecese IQ cecees Q csecee 7 ee nvee 17 scenes 54 
Alumina ...... 23 eons 2A cosces 26 seoses 2h ceceee ZO secere 35 

100 100 100 100 100 100 


The following analyses show the composition of slags produced at different 
works :— 


Blag from Wales. Walea. Staffordshire. 8. Yorks. 
_ Dowlais. Dudley. Low Moor. 

Bilton .....seeeees 45°00 wececsess AZ — ceccccees 38°76 --seseccoee 43°5§ 
Alumina ......... 16°§ — .cceccece 1B'O  .cce-eee 14°43 — icccoeeee 110 
LAm©.......0ecereee 27°F ses 35°2 — cesevers » 35°68 rscccceee 33° 
Magnesia ......0+6 A'S 00 toeeee HO coeeveees 684 .ccceveee 3°6 
Protoxide of iron 3°6 = ..s...008 ry Tere E'GT  secccccee 3-2 
Sulphur OCCoesove I “4 eedavcece ee CT TTY | . "98 sed | 
Potash .........00 —— —seveeeees ——  acevevese: E°LE = ssccccces _ 

' 987 - 986 99°26 100°6 

Authorities.........cseveeee. Berthier. Dr. Percy. 
Those from 2 and Low Moor were anelyzed under the writer’s eye. 


In the case of Low Moor the iron was chiefly metallic. 

On comparing the composition of the slags from the Welsh, Staffordshire, 
and South Yorkshire works, just given, with those from the furnaces in Cleve- 
land, the great dissimilarity i in constitution will at once be perceived, and « 
little further examination will show that, with the composition of our ores, no 
mere addition of lime can ever imitate the vitreous slags of those localities 
just mentioned. 

The following analyses illustrate this:— . 


Slag from previous 

Olena one repeated. 
Bilica .......ccevcees BOAO caseee 27°80... 27°68 — .ccees 27°65 — ccccee 29°92 
Alumina ......... 20°72 verses BIAS cocses 22°28 cesses 24°69 — ..0004 23°7o 
Lime ...000.0...0000 36°38 | esses HORS | occece HOUR — ceceee OOO areas ‘ 38°72 
Magnesia ......... 425 ceceee TBI sevens 1 ey EY 3°55 cecwee "¥0 
Protoxide of iron 3°64 crease *“6Y © oo... "BO .ceeee Lee "33 
Do. 088.. 10D seeee © FACE acess "40 secees "35 nceece "So 
Sulphur.........00« 1°34 cssees BOO cvcece BOQ encase B°Q5 sence 1°61 
Potash CeSgcoeoccee °§0 encase — eee — e0e0n00 46 eosees — 
Soda acecsenecsese ee — escees ~~ pebecee ~— e rT) °99 o6e2e06 — 
Phosphorus ...... _ ve FPROD ae — —aeveee "26 cases. ‘o7 

98°75 100°35 100°35 100°63 99°24 
Authority ... Olar. Lab. Olar. Tab. OClar. Lab. W.Orowder. Clar. Tab 

There is one circumstance connected with the composition of these slags 


which may have some interest in a chemical point o 


view, inasmuch as it 


may throw some light on a subject not yet very deeply ex examined, namely, 
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that.of the comparative volatile nature of the earths, or of the comparative 
facility with which they are decomposed and vaporized. In all the analyses 
hitherto made by the writer, the composition of none of these slags corresponds 
with the amount of earthy matter introduced into the furnace; thus, in the 
three specimens of slag from the Clarence furnaces, the silica, alumina, lime, 
and magnesia bear the following average ratio to each other, as expressed in 
whole numbers :— 
Silica. Alumina. Time. Magnesia. 
30 + 14 #=$+ 4 ++ #=§ = I00 

After analyzing the Normanby ironstone which was used about that time, 
and adding to its earthy constituents those introduced in the coke and lime- 
stone, the alag, by calculation, should have been, as regards the above-named 


Mom! ; Marnesi 
29 -+- 16 + 46 -+- 9 = 100 

The analysis in the School of Mines would, it is true, give a somewhat 
different result, but one which, nevertheless, does not correspond with actual 
examination of the slags, even had a similar quality of mineral been in use at 
Clarence. The Eston stone smelted with the same kind of coke and limestone 
should have given slags containing the earths in the following proportions :— 

Silica. Alumina. lime. Magnesia. 
28 + 18 + 45 + 9 = 100 

There escapes, as may be easily seen, from the furnaces on the Tees, &., 
vast volumes of white vapour, which condense, or partly condense, with great 
facility. That there is a difference in the readiness with which it does this 
may be inferred from the fact, that while large quantities of condensed matter 
are intercepted in the pipes for leading the gas to the boilers, a great amount 
travels many yards before it reaches a lofty chimney, from which it escapes 
as a white cloud, and this cloud goes a long distance in the atmosphere before 
it is finally dispersed. Nothing short of entire interception of the vapour will 
enable us to judge whether the discrepancy between calculation and fact can 
be reconciled. The writer is now engaged in arranging a steam-pump which, 
by continued exhaustion through water or otherwise, will effect, no doubt, 
complete condensation of each of the component parts of this fume, when some 
light may be thrown upon the nature of the volatilized portions of the minerals 
used in our blast-furnaces. 

This fine dust has been examined at the Clarence Laboratory, and although 
the analysis proves nothing, having been taken at one place only in the con- 
necting pipes, a statement of its composition may not be devoid of interest. 
It gave— 


Silica and sand wee wee oss ase os 34°82 
Alumina eee eee eee vos vee eve 16°00 
Lime eee 13°t§ 
*§7 
Peroxide of iron S20 
Oxide of sino . ‘60 
Sulphuric acid "80 
Potash... “40 
Soda eee 6°8 
Chlorine . r 
Water ... 5 
99°55 


From a more recent examination of the fame, taken at different distances 
from its point of exit from the furnace, the varying proportion of lime would 
indicate that this earth maintains the condition of vapour longer than the 
other constituents of the condensed matter :--— , 
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At 30 from the point of exit the dust contained 9°o per cenk of Lame. 
At 80 7do. Pao. do. 3. do 
At 130 do. "do. do. 14°0 do. 

In order to supply that deficiency in silica noticed as existing in the slig:, 
and which might possibly affect the quality of the iron itself, there was added 
to the charge at the Clarence Works a siliceous mud, and subsequently, at 
Eston, freestone, by Messrs. Bolckow and Vaughan. A vitreous slag resulicd; 
but no very marked improvement being noticed in the iron, the additon vss 
discontinued. 

Temperature of Blast.—The uniform practice in the whole district is to blow 
the furnaces with heated air. Sufficient data are not possessed to enable ts 
to speak with any degree of certainty respecting the application of cold biat; 
but, as far as actual experience goes, it is in favour of the idea that the lis 
ironstone would prove very intractable under that mode of smelting. Int 
year 1841, from some reason or another, cold air was used during four months 
- at Birtley. The furnaces only ran 42 tons per week of white iron, produc. — 
by a consumption of 3} tons of coke to the ton. At Clarence an sttenp 
was made recently to operate on the Cleveland ore in the same way; timc | 
the quantity of coke was used which is required when making foundry 11, 
and only white pig was obtained. 

A more elevated temperature being wished for than is easily commanit — 
by means of heated iron pipes, various experiments were tried at the Clarenc 
works, and ultimately Cowper’s stoves were introduced. In these, by & 
alternate system of heating a mass of brickwork in closed vessels of iron, 1% 
passing the air through the same, a temperature of 1000° F. and upwaré = 
the blast was obtained. The condensation, however, of the furnace-fume, th: 
apparatus being heated by the waste gases, so interfered with the effiaenty d 
the apparatus that the system was modified. Previous experiments were the 
continued, in which an arrangement of clay pipes, iron pipes, and {us 
cinders was made to replace the bricks. This wasa great improvement; 
temperature of the air was increased up to 1200° F., and the tubular arrangt- 
ment permitted the apparatus to be more easily cleaned. In time, howertt, 
the same inconvenience from the condensed fume interrupted the value of te 
results, and the plan was abandoned. At no time was the high temperatur 
maintained with that regularity upon which success alone depends. Enoug:. 
however, was ascertained to give encouragement to the idea that a steady 1 
crease of 500° or 600° in the blast would have been serviceable. 

To avoid the inconvenience of the flue-dust, Messrs. Cochrane erected larg? 
gas generators to obtain carburetted hydrogen and carbonic oxide from ‘ht 
imperfect combustion of coal. The writer is unable to say what have bet? 
the advantages attending this mode of operating. The loss of heat from such! 
plan of applying coal,.and other sources of expense, will probably be a sen 
impediment to the full measure of usefulness of the system®. At the Wrist 
and Wear Ironworks the writer has introduced an arrangement by whicb tle 
blast is heated by means of the waste heat from the coke ovens. 

Shape of the Blast Furnaces.—In shape, our blast-furnaces present 2 
novelty worthy of notice. The width of the boshes varies from 14 to 15 {cet 
and the height from 42 to 50 or 55 feet, in one case 75 feet having be! 
reached with beneficial results. An average proportion will, probubly, « 

® Since the foregoing was written, Messrs. Cochrane have informed the writer that ther 
experience no difficulty in maintainiug a temperature of 1150° in Cowper's stoves, ¥ 
they have had in operation for two years, and that they thereby effect an economy of 5 crt 
of coke in the blast-furnace on the ton of iron, as compared with the furnaces using * 


heated in the ordinary way. Messrs. Cochrane also state that in any future farnace ey 
. Topose using this form of apparatus. : | 
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three diameters of the boshes to the entire height; but no great importance 
can be attached to this ratio, inasmuch as the furnaces continue to work well 
long after the destruction of the lining has greatly altered the dimensions 
just given. One attempt has been made here to employ Alger’s furnace, in 
which the circular horizontal section is replaced by one of an elliptic cha- 
racter. In this form the iron is tapped, and the slag allowed to run, from 
the back as well as from the front of the furnace. At the Stockton Iron- 
works, where the system has been tried, the major axis of the ellipse is 12 feet 
and the minor 5} feet in the hearth ; the higher part of the furnace (which 
is an old one altered) remains circular. The owners do not find it expedient 
to work it from both sides, as is proposed by the patentee, neither has it the 
large dimensions he recommends. It is therefore premature to offer any 
opinion on the merits of the plan from the experience of this district, which, 
however, hitherto has not been such as to warrant the conclusion that a de- 
parture from the old shape is advantageous. The blast in the North of Eng- 
lund is introduced generally by three or four tuyéres, at a pressure varying 
from 3 to 41bs. per square inch, and at a temperature of about 600° to 700° F. 
The production of a furnace is "from 200 to 220 tons weekly, although more 
than this quantity has been frequently obtained. 

Quality of Iron from Cleveland Ironstone.—Notwithstanding the composi- 
tion of the slags already spoken of, the furnaces drive with great ease and 

rapidity—the cinder flowing, when the make is foundry iron, perfectly liquid, 
and of an intense white heat. 

For foundry purposes the Cleveland iron was at first objected to from its 
chilling quickly in the “ ladle,’ when compared with the makes of Scotland, 
and producing more “scum ” than the metal from that country. 

The writer had this scum analyzed at the Clarence Works, and found it to 
conaist of — 


Silicate of iron ass ase ase os ee OKO 
_Protoxide of ir iron... ose ee wee ee 88D 
Tron... we aes ove ese ose oes 42°02 
Carbon wee wee wn vee 1°93 
Protoxide of manganese wes aes wes ee 2°82 
Lime ... ee wee ase ese "49 
Magnesia wes se one oss "10 
Phosphorus rr 
Sulphur 23 
Titanic acid ... 83 

100°00 


The furnaces of this district have little tendency to produce what is techni- 
cally known as “glazy iron.” Some years ago one of the Clarence furnaces, 
however, did run a quantity of this kind of metal. Two samples of it were 
analyzed, and their composition was ascertained to be as follows :— 


No. 1 Pig No. 1 Pig 

Tron vee vee ee 88:38... se 90°70 
Carbon combined ... ee one "79 one oes 71 
Do. uncombined we er \: eee «2°68 
Silicon .... ose ore an of © ary we 6°13 
Manganese... one aes one ot by ee one "56 
Sulphur _... ove ose Pe > AT wee "23 
Phosphorus ase ves ee ts 2 ren ee os ¢ | 
Titanium ... oss ose ose 26... oes “18 
Calcium... ase ene ore "22 ee ave "20 
Magnesium... ose eve tse 06... ese "03 


Authority............ Clarence Laboratory. 99°29 101°S4 


750 REPORT—~1 868. 


Silicon evidently constitutes the chief difference between the two sample 
given above and the iron usually produced in the neighbourhood. 

The composition of fifteen samples of ordinary iron smelted from the Cleve- 
land lias-stone is exhibited in the annexed table of analyses. These examin- 
tions, with two exceptions by Mr. Crowder, have all been performed in the 
Clarence Laboratory. 


Clarence. Clarence. Clarence. Tees. Cleveland. So. Beak 
No.1 Pig. No.1 Pig. Nol Pig. No.lPig. Nol Pig. No.1 Py. 
Tron, os - 9303 92°68 94°53 93240 8 92°43 98°57 
Carbon combined eos "48 78 93 "44 °32 "47 
Do. uncombined ... 2°83 2°43 2°34 278 3°43 3'8y 
Silicon ... 0, ee 23 2°72 2°57 3°91 1°70 1°76 
Manganese ass ase "576 tr. “31 "42 "40 “4 
Aluminium... on” — — — _ — 
Calcium ... . — — — — “05 03 
jum — -~ — — ‘ol ‘ol 
Titanium —_— — — 20 66 §1 
Sulphor . 25 tr. 16 "83 "13 
Phosphorus *30 *30 °30 1°20 1°24 1"39 
99°566 99°16 00°58 10132 4oO'17 00°09 
Clarence. Clarence. Clarence. Olarence. Clarence. _ Tess 
No3Pig. No3Pig. No3Pig. NodPig. NodPig. No dP 
Tron ws 9396 9366 92°35 94°64 g1'ss 93h 
Carbon combined "43 “28 1°24. 26 1°26 ‘23 
Do. uncombined 2°67 3°13 68 2°45 1°06 2°72 
Silicon 2°70 “88 1°80 1°87 1°84 020316 
Manganese ; 52 37 “Sr 93 1°06 50 
Aluminium _ — "36 _ 27 - 
Oalciun ... _ 30 93 —_ "44 45 
Magnesium — 02 24 _— "15 
Titanium 25 14 _ — — 
Sulphur "10 I tr “80 “26 
Phosphorus "72 1°23 I's 1'00 1°57 ) 
01°35. r00°r8 = 100°00-——sd1OR"I§ = 100°00~—s 10107 
Crow Crowder. 
Clarence. Clarence 
Mottled. White. whe, 
Ironia... wes e- §=—» «93°99 wee we = «97°30 97°03 
Carbon combined see "85 ae wee "90 938 
Do. uncombined _... 2°70 se ase 1°06 
icon ... “56 DF 40 
Manganese i +o | —- 
Aluminium . — _ - 
Calcium ... 26 "Is - 
Magnesium 07 "06 —- 
Titanium — _ — 
Sulphur ... 35 96 33 
Phosphorus 3°05 26 144 
_— 
100°22 100'9! 100'00 


From the following summary of some of the experiments on iron, unde 
taken by the War Department, an idea of the important question of relat 
strength may be gained. It is only fair to add that these trials were mst 
soon after the works on the Tees commenced operations, since which time the 
. qualities of the ore and its mode of treatment are better understood. 
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Breaking Breaking Break- Force 

wei wei Defleo- le i 
Kind of iron. Qual. Bp.gr tendie Waker tae” welts, “Aufl? Fequired 
test. verse. tor- sion. ocrush- 

sion. ing. 

Ib. Ibe. Ibe. Iba 
Whitehaven—Hematite Foundry...1 7°097 14233 4644 ‘161 3724 7°32 g2136 
307 214 17751 510s 120 4182 = =5°8 32265 
4 71396 175 100 "152 4977 4°9 82583 
Butterley—Clay ironstone ......... I 714%. 23388 7106 °145 7346 9°3 88488 
a 7078 18970 6077 °128 Gorr 7°5 74743 
3 7°126 23265 6692 130 6940 7°5 91663 
Yetalyfera—Olay do. Anthracite...: 7°165 25173 7848 ‘163 6704 12°32 87457 
2 7°157 26758 7944 ‘196 6176 9°6 90874 
3 7150 24533 7228 ‘166 5719 88 8772 
Blonavon..........ccccssccesssccsccsceesee 7°63 26766 «= 7947 «182 «25487 0«— 61 105202 
Blenavon Oold Blast .............00000% 9537 25456 7493 “171 5034 9° 91897 
7°158 23906 7600 ‘1gt 5674 10°2 87358 
Cleveland—Stockton Furnaces...... zr 75148 25810 7159 136 5872 42 99526 
2 7135 23271 6932 "134 6305 57 87063 


kingdom. A large founder at Middlesbro’ states the Cleveland iron to be 
strong in the lower classes, viz. Nos.3 and 4. <A bar 2in.x1in., with bear- 
ings 3 feet apart, carried 27 to 30 cwt. Under tension, bars having a sec- 
tional area of one centimetre bore 35 cwt. before fracture occurred. In 
melting for the foundry, the same authority states 2 to 2} per cent. to be 
the loss on pig iron obtained from Cleveland stone. : ° 

At the Clarence Works the following experiments were undertaken with 
bars to ascertain the breaking-weights. The bars were 2 in. x 1 in., and sup- 
ported on bearings 3 feet apart :— 


Breaking weight. 
Sovion. owt. nab 
NO. 2 ...cseece 65 i 29 2 42 
Bisasccces “62 5, 28 2 22 
Zacecevces to » 3o Oo 22 
Arve cesces 56 go oO 22 
Snes cceens "89 27.2 223 
GB... cceees 2 ” 29 0 22 
Tossccvese 62 a9 0 22 
ee “SS ow 28 2 23 
Qeccesease “$3 9 ‘ 28 2 223 
WO.se seceee “SS ons 29 2 22 
Average... °S86 yy wsees 29 0 433 
No. 4 iron to others 609 | atstessseseee 28 0 5 

4 » 10 yy °§93 . sescesrsscseese 28 2 27...200 from No, 2 pig. 
A 9 TO 4) °S§Q9 nn cvseveveceseere 28 2 42...Pun from No.3 pig. 

No.1 . OS8 ,, gmt 2 22 
Besessccee "054 »» 29 3 22 
Zovvcccoes 048 ,, 27 2 22 
4 vee “OAL 9 26 2 22 
nee ceeces 046 ,, 27 2 22 
é sve vesees "048 ,, 2923 22 
AVOPABC 2.12. O49 pp cveccrerccesace 28 2 3 


Effect of Manganese in the Blast Furnace.—The experiments of M. Caron 
in ascertaining the effect of manganese on pig iron, which he found sensibly 
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to reduce the amount of sulphur, led the writer to try the effect of it in the 
Clarence furnaces. The results, in a chemical point of view, are not devoid 
of interest, inasmuch as they afford some indication of the behaviour of this 
metal under the treatment of an iron furnace. The ore itself was poor in 
manganese; the composition was as follows :— 

Silica 


ose eee » 25°00 
Peroxide of iron ... 


xi anaes . 24°30 
Oo. manganese... 9... 6. ane we 37719 
Oxide of = - “to. ase ave ase aes ee i? 
Loes by heat... aes soe wee ove wee = §°000 
100°00 
The iron produced gave by analysis for different qualities as follows:— 
No. 1 Pig No. 2 Pig. No. 3 Pig 
Carbon... ass wee wee BQH cee tee 2°GO wae wee 3°50 
Silica... oes ose re <r be. eer i. 
Manganese aes ers rs oy] rrr h ? eercr YS 
Sulphur ... i 292 .. "247 "254 


Phosphorus am vee eee 456 we a | | 


As far as the two last-mentioned elements are concerned, the addition d 
manganese in the furnace does not appear to have effected much change, bi 
it is quite possible that the increase of this metal may, when the iron 
remelted for the founder, remove a portion of the sulphur. M. Caron 
certained that this change occurred when manganese was fused with 1 
containing sulphur. Want of opportunity has prevented this examiat- 
from being pursued. 

The slag was of the following composition while the farnace was workii 
with the manganese ore :— 

rr ToT 
Alumina ... on ase oes ees ose one = 19°25 


Lime... ene oes eee ove ase wee 38°25. 
Magnesia... ove wee re oes eee "60 
Frotoxide of iron ase oes ose ores 104 
0. manganese ees oes ase wo. «= 7. 
Sulphur ... . vee 2°16 


Oxide of titanium ees _ . - - °”75 


100°06 
By calculation it was ascertained that for 100 parts of metallic mangss* 
introduced into the furnace, 


There came out in the iron ase ose eee re ] 


In the slag... wns oes ase ae oss . 876 
Leaving unaccounted for... oes ove ose oe §=— 2°99 
100°0 


These figures require a little modification, difficult to define, arising free y 
varying amount of manganese being found both in the iron and in the slag 
furnaces using Cleveland ironstone alone. 

Use of the Waste Gases.—The waste gases are employed for raising se 
and heating the blast, but on the use of this mode of economizing thert 
still exists a considerable diversity of opinion. Extra consumption of bist 
priced coke, and irregularity of working in the farnaces themselves, 13 pale 
every case a commercial equivalent for the inferior small coal saved, 
labour ‘in firing boilers, &c., avoided. In the writer’s opinion there gone 
force in the objection; at the same time his own experience, after inca” 
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great expense in the necessary gas apparatus, leads him to persevere, in the 
hope that even the objections he admits to exist will vanish with the know- 
ledge which time and patience alone can secure. 

It is, however, reasonable to suppose, as far as a mere question of fuel is 
concerned, that the combustion of the carbonic oxide at the top of a furnace 
must heat the materials to a greater or less extent, and whatever this may 
amount to will be a saving pro tanto lower down the furnace. 

To ascertain, if possible, what amount of heat was really imparted to the 
contents of a blast-furnace by the combustion of the carbonic oxide at the top, 
an examination has been made within the last few days of two furnaces at 
the Clarence Works, one open-topped, and the other close-topped. At the 
former the gases were burnt, and from the latter they were conducted away 
unconsumed. Both furnaces were of the same construction, and both were 
using materials similar in quantity and quality, and producing the same kind 
of iron. In both instanees the temperature was taken 8 feet below the charging 
plates. At the close-topped furnace the following result was obtained :— 


Time of observation. perature 
a*25™ 890° F 
2 31 1040 
2 40 1040 
3 5 es wes wes 1107 
3 50 ss ose was 1240 
Put on 56 owt. materials 3.20 ase ws F240 
430 we wee o 3299 «. Mean......1131° FF, 
Day following. 

Time of observation ..... ° 3820" coe 3°20"... 3% 5 Mean tem 
OMPeErature .....0..scceees TE75° wee 1227° wee 3275” ove ean temp. 122 
Put on 76 cwt. materials = 0c. os. cue nee tee wee TOMP. oeeaee 1240 
Day succeeding. 

Time of observation ...... 3220™ ... 3%30™ ... 3%35™ 01. 3h 55™ 

Temperature ....cccscsssees 1305° vee ¥282° 4... 1282° 2 2425° Mean 132° 

Put on 30 cwt. materials 45 5™ 2 ete owe ee =Temp. 1438 
9? 74 99 4° 20™ eee ooo vee eon eee eee ” 3438 


The mean of these observations indicates 1200 degrees as being the 
probable temperature of a close-topped furnace 8 feet below the charging 
plates. 

An attempt was then made to ascertain the temperature of the gases at a 
point 8 feet below the charging plates of the open-topped furnace. One ob- 
servation only was obtained, which indicated 1692 degrees. 

In all these experiments the temperature was ascertained by heating a 
cylinder of copper of a given size, and ascertaining the effect it had on an 
accurately measured quantity of water. In the case of the open-topped 
furnace the temperature was so high that this apparatus became unmanage- 
able, the copper getting so hot that the water was thrown violently out of 
the vessel containing it. Looking at the single observation obtained and 
subsequent appearances, the temperature of the gases in an open-topped 
furnace will probably be about 1800 degrees, or 600 degrees above that of 
the close-topped furnace, the datum line in each case being, as before stated, 
8 feet below the charging plates. 

Temperature of escaping Gases from Furnaces.—Scheerer gives 572° F. as 
the temperature of the upper zone of a blast-furnace. The writer recently 

. 0 
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made the following examination of the temperatures of different famscs 
working with close tops :— 


Olarence No. 5 furnace, 48 feet high, making No. 4 iron. 


hm 
Fall... ose ... 2 © Temperature of escaping gasee, 558° F. 
2 25 do. do. go 
Put on 75 cwt. materials 2 35 do. do. 580 
Same furnace, making Nos. 2 and 3 iron. 
hm 
Ful www. ... @ © Temperature of escaping gases, 710° F. 
° 2 10 do. do. 840 
% 20 do. do. 940 
Put on 25 cwt. materials 3 30 do. do. 710 
Walker No. 4 furnace, 42 feet high, making No. 4 iron. 
h m 
Full... ene .» 2 © Temperature of escaping gases, 690° F. 
2 10 do. do. 800 
Introduced 33 0. materials 2 20 do. do. 670 
Middlesboro’ No. 2 furnace, 42 feet high, making white iron. 
h m 
Ful... -- 2 © Temperature of escaping gases, 519° F. 
2 20 do. do. g60 
Put on 90 cwt. materiala 2 30 do. do. 469 
The mean temperatures will be as follows :— 
Clarence, making No.4 iron... ee wee wee ess 710° 
' Do. do. No. 2 eee aes wee _ wee 825 
The mean temperature of the tube conveying the gas from four 
farnaces was nee wee evs vee eas -- 808 
Walker, making No.4 iron wwe wes ove 740 
Middlesboro’, making white iron... wes aes eee woe 715 


The object of these figures is to show that, taking Scheerer’s statement # 
our guide, the whole of the furnaces alluded to are working at a loss. __ 

It is obvious that there is an escape of heat capable of preparing an sdi- 
tional quantity of-material for treatment in the reducing and fusing zoe 4 
the furnace. The obvious method of making this heat available is by = 
oreasing the height of the furnace itself. This, however, has its limit, ve 
ing probably with the nature and size of the materials used. If, for exampl. 
the fuel is easily crushed, or the “ mine” is small, or easily rendered so, the 
the altitude of the column containing it must not be above that which wi! 
permit the blast to enter freely and preserve, as far as possible, an equal te=- 
perature over every horizontal section or zone of the materials. 

It is more than probable that the limita of extreme height have been alrest! 
reached by experience in other localities, the ironmaster there being guided 
by the peculiar characteristica of his own minerals. 

The iron-furnaces in Cleveland work under a totally different set of circus’ 
stances from those of Staffordshire, for instance, where the coke is friable 
the “ mine” small. Our coke is endowed with great hardness and capabibis fe 
resisting pressure ; and our ironstone, worked in great blocks, is gufficient! 
large to permit a free passage of air through a much higher column t# 
otherwise would be the case. 

Mesars. Bolckow and Vaughan have actually put this to the test of pr 
tical proof by erecting a furnace 75 feet high. Upon one occasion, 10 
No. 4 iron, the gases were escaping at a temperature of 467° just afer 
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charging, and 665° when ready for its charge, or a mean of 517°; the reduc- 
tion of something like 200° being due, no doubt, to the increased burden 
which this higher furnace was actually carrying. 

Economy of fuel in the blast-furnace is of twofold importance: first, from 
its direct action in reducing the cost of making iron; and secondly, as the 
superiority of quality possessed by charcoal iron over that smelted by pit 
coal consists, in all probability, in the greater amount of impurity contained 
in the latter description of fuel, it obviously becomes a matter of consideration 
to employ as small a quantity of coke as possible, so as to diminish the weight 
of foreign matter introduced into the furnace. Hence any system inter- 
fering with these conditions requires close and careful watching on the part 
of the ironmaster. 

Magnetic Ironstone of Rosedale Abbey.—Hitherto our observations have 
been confined chiefly to describing the natural and metallurgical features of 
the Main bed of ironstone in Cleveland; but as there are some matters of 
interest connected with the Top Seam, a short notice of it here may not be 
out of place. 

This seam of the Lias formation (which is either the Top seam, or very near 

its geological position) has been wrought in two or three places, but by far 
the most important workings are the mines at Rosedale Abbey. The samples 
1 and 2 are analyses of the Rosedale Abbey ironstone. No.3 is the Top 
seam from Ingleby. 


No. 1. No. 2 No. 8. 

Blackstone. vara e eo Ingleby. Oo 
. . . 33°85 Fe er © to 7. 

Oxide of wron see oes 64°90 ese 32°67 Fe* OF nas 7°07 Fe? 08 
Do. manganese... —— oes "69 eee "94 
lumina... ase 9°25 ose 315 471 
Time 3°53 2°8 3°32 
esis 99 — 3°34 
oteah eee — trace é 3 
Carbonic acid — 10°36 26°00 
wee 5°70 6°95 7°37 
Loess by heat 16°15 1°59 — 
Sulphur... ... — "03 “08 
Phosphoric acid... — I'4! 1°36 
naceous _— 4 Fy. 
Water... — 3°7 3°36 
100° 52 52° 99°77 

Authorities............ W.Crowder J. Pattinson. Clarence Laboratory. 

Metalliciron ... oe = 45°43 a. = 9°20 ves 36°95 


The Rosedale stone is chiefly smelted at Ferry Hill furnaces, and to some 
extent eas a mixture at other works. In quality the iron is much like that 
which is obtained from the main beds of ironstone. 

The Ingleby stone is a portion of the Top seam, and, being thin and expen- 
sive to work, is now abandoned. A few hundred tons were smelted without 
admixture at the Clarence Works. The content of iron was verified as being 
superior to the ordinary Cleveland main seam, but the metal in quality did 
not differ from the usual make of the district. 

Weardale Ores.—The Weardale ores, from the quality of iron produced by 
their use, require some separate notice. They are found in the veins of the 
mountain limestone, either as sparry or spathose carbonates, or as hydrated 
peroxides; the latter, no doubt, resulting from the joint effects of atmospheric 
and aqueous action on the former. The following information, communicated 
by Mr. Attwood, shows the composition of both varieties :— 302 

c 
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Peroxide of iron 81 7I°1E 
Protoxide of manganese... ne Ss: Sr re 
Lime ... ase ee ose wee 97Q6 ewe 56 
Magnesia... oes . 2°33 1°g0 
Carbonic acid... 37°20 13 
Sulphur aes 0°04 —_ 
Phosphoric acid - trace ... 22 
Water ... ove ase wre OBO see nee BGO 
Insoluble residue __... eee errr oc F) it, 
Protoxide of copper ... evs ase —. 

99°96 99°64 


Metallic iron ... ase wee - 3895 .. .. 49°78 


Dr. Richardson gives the following as the composition of a specimen 
Weardale spathose ore :— 


Iron wee ase oes ose oes ons oe 44°73 

Lime and magnesia _... wee ee we = 3°95 

Loss by heat... wee ase wee 

The character of the iron produced from the above ores is of a marke 

kind, highly crystalline, and affording bar iron of a very excellent quality. 

Recently Mr. Attwood has succeeded, he states, by a plan of his own, in 0b 
taining very good steel from the iron. 

The composition of a description of iron coming so near in its propertes t0 

that of charcoal iron, as it does, is of sufficient interest to justify attentm 


being drawn to it. The following table shows analyses of both foreign 314 
Weardale iron :— 


No. 1. 2. 3. 4. 5. 6 
Spiegel Kiscn. Bplegel Risen, YY Weardele = Weardale, pope 
piege 
Tron .00000.082'S ER sone 98°65 savoee 95°27 creer 93°0F ..... 99°§IO ...... 96°75 
Carbon ...... ANT] cccees "210 saves HOD osseee AITO weseee "065 ...... 2°92 
Silicon ...... "B82 one 1°062 ...... "08 ...... "23 seen 140 veeese “882 
Man VECWD weseee —— scene IO wu 2°37 cece ae eee ort 
Sulphur ...... Th sveces trace ..... © FO cseeee BI cscsee —— savas "229 
Phosphorus... °130 0... trace ...... O§ wes OF wees trace ...... -- 
Copper ...... "BI cscs —— sen ene — OT ceases —— sea nee - 
100°00 "927 99°82 100°00 99°71 99°99 
Autho- Mitchell ae Mitchel Washington 
-- 4 Dr. Percy. and Dr. Percy. Dr. Percy. and _—_ Laboratory. 
ritiee Richard. Richard. by M. Brive 


Dr. Percy afterwarls having reason to think the proportion of sulphur, ® 
given in his analysis, was too high, repeated the examination, and found! 
only ‘03 per cent. in Weardale Spiegel Eisen. The slag from the furs 
where the specimen No. 5 was made contained— 


Silica... ass wee ens wes wes ws 36°80 
Alumina, with a little oxide of iron and of manganese 1380 
ime ene vee wee eee wee ose gh00 


Magnesia oes ose aes we aes ees 2°54 
and potash, estimated as the difference ... “86 


200°00 
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The coke used at the Weardale Company’s furnaces is that from the 
bottom of our coal series, and which, as a rule here, as in some other coal- 
fields, appears the best adapted for iron-smelting, owing no doubt to freedom 
from sulphur. The subject is of interest, as showing that the results ob- 
tained by the use of charcoal abroad can be very closely imitated when 
suitable ores, and mineral coal of great purity is the fuel employed. 

Cumberland Hematite.—The rich hematites of the Whitehaven district 
approach in some cases to nearly a pure peroxide of iron, 

The following indicates their composition :— 


Cleator. Cleator. 
Peroxide of iron _... ove ove QO°S8 we oe 95°6 
Protoxide of manganese gg wks IO ete 
Silica ... wee ose : 70S 56 
Alumina . 1°43 06 
lime ... "71 07 
Magnesia "06 — 
Sulphur oss ose ane is Sree "0 
Phosphoricacid ...  ... - trace ... ... trace 
’ 101°! 
Schoo! of Mines 4 
Metallic iron ... oe wee wee 65°25 on tee | 66°62 


The following analysis shows the composition of iron from the Cleator 
furnaces : 


Iron ose ose aes ave os see oe 93 


3°94 

Carbon ... wes ose ase ee ane ran et.) 
Bilicon wee we oss ase ase «= - 1°92 
Man 02 
Calcium “12 
"06 

Sulphur "05 
Phosphorus 08 
Authority, Clarence Laboratory. 100°37 


This ore and that from Ulverstone are brought to sume extent to the east 
coast for admixture with the Cleveland stone. 

Tronstones from Ridsdale and Hareshaw (Mountain Inmestone), and from 
Consett, near Shotley Bridge (Coal Formation).—These ironstones having been 
incidentally mentioned, the following analyses, by Dr. Richardson, may be of 
interest :— 


Ridsdale. Hareshaw Consett, Shotley Bridge 
Irons... we 34°86 36'5r so = 36°68 
Lime and magnesia g'00 II'go 4°65 
\ oe 14°00 715 » 15°05 
Loss by heat 31°02 34°07 © 3%°9! 


In each case no doubt the stone was a perfectly clean sample, quite free 
from adhering shale, which will account for the difference of metal between 
the analyses and the actual yield in the furnace, as formerly stated. 

Statistics of the Pig Iron Manufacture in connexion with the Newcastle and 
Durham Coal-field.—The following figures, extracted from the statistical 
returns of the Geological Survey, afford probably the readiest mode of impart- 
ing a correct idea of the extent and rate of development of the iron-niines 


now under consideration. 
In September 1850 the first ton of stone was worked from Eston Hill 
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for trial at Witton Park Works. Previous to this the valley of the Esk, 
and, to a small extent, the coast, furnished the produce of the Lias beds. 
Subsequently the quantity raised on the coast was increased a little, in 
consequence of the seam near Skinningrove being recognized as containing 
more iron. 
Bak Valley. Coast, Cleveland Hills Total 
Tons. Tons. Tons. tena. 


1855 one nee §§ GOO vee vee §0)000 «wee «865,300 =... «.. 970,900 
TB56 none BgOOD enue §7gTGG nue cnn UpEQE AGS one wns 75346,618 


ae ) __ Not ly separated after this; but most of ( _. s46r395 
I 5 cece properly ’ m oO eee 1,3 71395 
1859. the increase may bo not down as being the produce soo 1,520,342 
1860... | of the Cleveland Hills. ove E471,319 
1861... | woe 1,243,514" 
1862 ng one B§JOOD vee vee BQO ae se 1,566,066 00 one 3,689,966 


to Total 
Middlesbro’. Cumberland. other places. tons. 


1854 0... ee «46,785. { extitsten } wee wee 260,257 .0. 0. 332,042 
1855 wee cee FTQR vee wee MG,IOH «w=... 139,490... =... 200,788 
1856... os. 19450). eee 39,617 «ww. = 68,080 ww. 378,147 
W857 oe aes Q coe cae GG, SEX 1. any BBBSEB 5. noe © -3B4,818 
TB5B wwe GF FyOGO vee nen 6 7,2GB nce nee 2OTBSH «sneer 391843 
TB5Q ove nue FJ pBOO ee cue QT GZ nee wee 90954 ee ee «G00, 306 
18 woe con B1y2GO re se 1B8,T4Q 0c one 257 GOR «none 466,851 
86x. ne 655555 we wwe «17,6 woe cee 988,885 ww. ote | 781094 
F862 one cos §5pBZS nee nue HIQ,BBS ose cee 3571997 v0 vue 595,720 


and Carbonates. Cle Alston. 
Tons. Tons. Tona. 
1858 ww ee vse wee F084 we ee '7,094 
wee ase wees —— ss 1,871 
$1861 1. 1. gt000 se 
1862... ... 124,750 — 820 
A very large quantity of hematite is obtained from the neighbourhood of 
Ulverstone, a portion of which is smelted with coke from the Durham cul- 
field, while some of the ore itself is brought to mix with the Cleveland irca- 
stone. The following figures indicate the importance of the iron-trade of 
Ulverstone :—~ 


Carried to Newcastie Smelted at Brported to Total 

or Middlesbro’. Ulverstone. other places. tons. 
186r ...... 11,838 tons ...... 218,759 tons ...... 388,583 tons ...... 519,180 
1862. ...... 31548 5p cence 167,634 5, sence 388,209 4, eseaee 559539! 


The following statement gives at one view the number of farnaces on the 
east cozst existing previous to the recent extension of the iron-trade in ©2- 
nexion with the Cleveland ironstone worked from the neighbourhood of Mid- 
dlesbro’, with other particulars of interest connected with its present cond!- 
tion,and future prospects :— 


® The Government returns are 111,253 tons short of the actual weight this yesr. 
t The Government retams are incorrect, only giving 10,750 tons for 1861. 
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AD. 1 j 
Name of Work. Owners. 1860. tease here tr teen 
LTemington ... ... e Iron Company Zoe DB ee ee 
Birtley vee ee Bley To Iron 1 Company a ST a | 
Wylam... ... ... ase Bones Bones ee 
Walker... .,. ... Losh, Wilson, and Bell ... Zine § ws we 2& 
Ridsdale .,, ... Ridsdale Iron Company .. 2 dismantled — ... 0o 
Hareshaw....__... Hareshaw Iron Company — 3 dismantled — ... o 
Consett... ... .,. Derwent Iron Company .. 7 re? i er 
Towlaw & Stanhope Weardale Iron Company... 6... 6 ww. — 1. 
. wee eee Longridge and Co. ... soo seo 2 oe 2 veo — os Q 
Witton Park... wand Vaughan ... .. 4 6: 4 se — «ws 4 
Middlesbro’... ... Bolckow and Vaughan ... ... — Bowe — ae 
Eston ... ... ... Bolckow and Vaughan — Qiu — . 9 
Clarence... ... ... Bell Brothers ...... — 6 .. 2 aw. § 
"Tees ove eas ee Gilkes, Wilson, and Co. _— § eco Font 4 
Ormesby eee sae ochrane an eee — op & «ee =“ 00 
Claylane ..._... Elwin, Malcolm, and Co. PT Sra arty ‘ 
South Bank ... ... Elwin, Malcolm,and Co. .,, — ... 3 .«. 3 ws 3 
Btockton ... ... Holdsworthand Go. ... .. —~ |. Qiu — eg 
Norton... ... ... Warner, Lucas, and Barrett aT ak ST TT 
"Tees Bide ene §=gee Hopkins and Co. eee ry see DB coo “ove 2 
‘Thornaby .,. ... Whitwell and Co. wee nee Zn ee 
Normanby ... ... Jones, Dunning, and Oo... ... — a. 2 .. — we 8 
South Durham... South Durham Iron oe ee | 
Felling, River Tyne Pattinson & Co. and Bell — . 2 eee — ose @ 
Jarrow do. ... Palmerand Oo..., ... TC, SCT Toot | 
Wallsend do. eee Palmer and Co. eee eee eee ee — ee 3 ee — es r¢] 
Bradley ne eee Richardson and Co. cong — eos ee 
Washington... ... aahington Chemi pany — Tue — we 0 
Wea... ... ... Bells, Hawks, and Co. ... ... — Eos ee 
Nerryhill ... ... James Morrison... — Qo —— wee 
Seaham... ... ... Marchioness of Londonderry .. — B iwso — oe & 
Hinderwell ..._ .,. Hinderwell Iron Company — I.ue — oe OE 
Haltwhistle ... ... ... vee vee oe _— Eo oe 
Brinkburn een eae eve — I eee — eee o 
Beckhole ee and Co ® _— O eee 2 eee 0 
N rt Ct . B uelson _ O ws 3 ww @ 
Side... ... ... wes — O . 2 w © 
Glazedale End... ... — ° 2 ww oO 


38 108 17 78 


The furnaces working hematite ore on the west coast are as follows, taken 
from the Geological Survey :— 


Furnaces built. Farneces in Blast. 
1861.—Cumberland _... we 13 wee ae 8 
Lancashire bee see 12 eos ote 10 
1862.—Cumberland _... vee 13 ane ove 7 
Lancashire oes eee 14 ees rr 


According to the same authority, the following figures embrace an account 
of the production of pig iron from the furnaces alluded to in this paper :— 


1860. 1861. 1863. 

Tons. Tons. Tons. 
Northumberland, using chiefly Cleveland stone ... 69,093... 73,260 ... 46,586 
Durham, using chiefly Cleveland stone... 340,921... 312,030 ... 337,279 
North Riding of Yorkshire (Cleveland) . .»- 248,665 ... 234,656 ... 283,398 
658,679 629,946 667,202 

Cumberland ees wee ave wee eee 87,950... = 55165... = 103,455 
Lancashire ...  ... ase woe = B1jZSO nee 109,377 oe 198,563 


Malleable Iron.—-Malleable | iron was, of course, the description of metal 
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produced by all those bloomeries mentioned in a previous section of this 
paper, a8 is indicated by the heaps of scorie found near Roman stations, 
monastic establishments, and other places. Coming down to more recent 
times, it is obvious that in a country where, comparatively speaking, there 
would be a considerable consumption of wrought iron, there was 

thrown into the market a corresponding quantity of old or scrap iron. With 
cheap fuel and water-power in sufficient quantity to drive small hammers, 
forges were erected at various suitable localities, such as Swalwell, by 
Crowley and Co.; Beamish and Lumley, by Hawks; Bedlington, and st 
various other places. It is needless to say the weight of metal so manv- 
factured was small. The next stage in the manufacture of malleable iron 
was the erection of slitting-mills in different places commanding waier- 
power; but when or where first established the writer can scarcely deter- 
mine. By the kindness of Mr. Stephen Hawks, who has searched fhrough 
the books at the Gateshead Iron Works, he has ascertained that the slit- 
rods used there in 1772 appeared to be all brought from London, and pr- 
bably were manufactured in Wales or the Midland Counties*. Slit-rods 
were first made in this neighbourhood from hammered bars; indeed, the 
writer was informed by the late William Losh, one of the founders of the 
firm of Losh, Wilson, and Bell, that he erected a slitting-mill near Newcastle, 
and the iron he used was bars brought from Sweden. This would probaby 
be about the year 1800. Cort patented the rolling of bar iron in the yeer 
1783, and Mr. Stephen Hawks, in an old letter-book of 1799, finds Mr. 
William Hawks writing, ‘“‘ We will certainly roll the iron to the dimensiom 
you mention ;” so that probably rolling-mills were introduced in the neigh- 
bourhood of Newcastle a very short time after their invention by Cort. h 
the year 1800, according to information received from Mr. G. C. Atkinson, 2 
small mill was erected at Lemington. 

Mr. William Longridge states that his father commenced the Bedlington 
works in 1809, the river Blyth supplying the motive power. At that tames 
plate of 150 to 200 lbs. was considered, he observes, something wonderful 
produce. It was here that, in 1820, they rolled the first malleable iron rik, 
an invention of Mr. Birkenshaw. 

In 1827, Messrs. Losh, Wilson, and Bell erected what at that time wa 
considered in the North a powerful mill, at Walker, capable of rolling 80 t 
100 tons of bars a week. Here, as at all the other works, old scrap 1r0n, of 
common Welsh bars, cut up for re-rolling, were the raw materials wel. 
This firm led the way in extending the operation to the “ puddling” of p¥ 
iron, a process adopted by them in the year 1833. 

The rapid progress in Scotland of the manufacture of pig iron from blsck- 
band by means of the hot blast, and the cheapness of coal on the Tyne, 
induced Losh, Wilson, and Bell to increase their rolling power. A second 
mill was erected in 1838, where rails of the largest dimensions, and tyre-ban 
for the wrought-iron wheels, invented by Mr. Losh, were manufactured. _ 
_ The old house of Hawks and Company soon after added largely to ther 
means of producing wrought iron. In this they were speedily followed by 
the Derwent Iron Company, who erected immense rolling-mills at Consett, 
near Shotley Bridge, and increased largely the capabilities of the Bishop- 
wearmouth Iron Works, which they had previously purchased. There would 


* From information communicated by Mr. 8S. Hurrell, it would sppear that, in all hr. 
bability, the slit-rods imported to the Gateshoad Works were from the mills of a Mr. Bey- 
nolds, in Shropshire. 


ON THE MANUFACTURE OF IRON, 76) 


be in the district, previous to 1850, about 300 puddling-furnaces, capable of 
tarning out above 150,000 tons of finished iron per annum. 

The following list, compiled from actual returns, shows the number of 
puddling-furnaces now existing in connexion with the iron-works of tho 
Northumberland and Durham coal-field :— 


Number of 
Works. Firms. Puddling Furnaces. 

Walker  ... _—«...._ ‘Messrs. Losh, Wilson, and Bell wee tee §0 
Gateshead ... .». Messrs. Hawks, Crawshay, and Sons ... we 33 
Consett... .. Derwent Iron Company wee ove + §99 
Bishopwearmouth ... Derwent Iron Company ove oe oe 3K 
Birtley wee « Birtley Iron Company ... bee eee we «66 
Bedlington ... _.... Messrs. Mounsey and Dixon ..., aoe oe 14 
Shotley Bridge ... Messrs. Richardson and Son ... oe ve 27 
Hive, Jarrow ... Messrs, Elliot and Co. ... ove eee ee =10 
Sunderland ... ... Messrs. Tyzack and Co. aes eee or 
Britannia ... .» G. Hopper eee aos vee ove oe 16 
Jarrow eee .-» Messrs. Palmer and Co. vee ase ee 30 
Tudhoe_.... ... Weardale Iron Company wee vee 2. 6 
Middlesbro’... ... Messrs. Bolckow and Vaughan wee . 6 
Witton Park eos Messrs. Bolckow and Vaughan ves ay 2 | 
Tees Side... ... Messrs. Hopkins and Co. eee one eee «55 
Albert oss ... Messrs. Barmingham and Co. ... wee oe 45 
Stockton... ... Stockton Iron Company ose tee wee 20 

Total ... tes wee vee 646 


The united power of all these works will be equal to an annual production 
of 340,000 tons of finished iron, and probably the actual make during the 
year 1862 may have amounted to 300,000 tons. 

In addition to the quantity of iron obtained by the puddling process, a 
considerable weight, possibly as much as 10,000 tons per annum, is manu- 
factured from old iron imported from various parts of the kingdom. 

At first a much stronger opinion existed in favour of refining pig iron 
previous to puddling it than is the case at the present moment. In fact, it 
may be said that this mode of working has been all but abandoned as more 
wasteful than simply puddling the pig iron direct, and indeed one manu- 
facturer of great experience gives as the result of his observation that a 
sectional inch of boiler-plate had its breaking-weight actually diminished by 
interposing the process of refining between the pig and the puddled bar. At 
the new works no refineries are built, and at the older establishments the 
refineries are all but discontinued. 

There are probably less mill and forge cinders used in the manufacture of 
pig iron from the lias ironstone, either for bar or other purposes, than in 
any other iron-district in the kingdom, and this obviously from the greater 
abundance and cheapness of ironstone. The extra loss in puddling and the 
depreciation of quality in the malleable iron are more than an equivalent for 
any saving in the blast-furnace which may be effected by using the forge 
cinders, into which the greater part of the phosphorus of the pig finds its 
way. It is also not improbable that the admixture of mill and forgo cinders 
might, with the constitution of the Cleveland ores, be more detrimental to 
the quality of the bars than is the case in districts smelting other kinds of 
ironstone, At all events, our bar-iron makers seek to avoid any risk of this 
by its very sparing use. 

Somg bar-iron manufacturers prefer pig having an admixture of a little 
hematite in the blast-furnace, or they seek to secure the advantages resulting 
from tho use of this class of iron by using hematite pig in the puddling- 
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furnaces. It is highly probable that some good attends such a course of 
procedure, as well from the acknowledged excellence of hematite pig ss from 
the advantage that is generally admitted to accrue from using different 
varieties in the manufacture of malleable iron. The fact, too, that the 
tendency of the Cleveland iron is towards cold shortness, while that of the 
hematite ie in the opposite direction, increases the probability of the sound- 
ness of these views. At the same time, by care in puddling and in the 
subsequent process, bar iron of a very high class of excellence can be pr- 
duced from pig obtained from Cleveland ironstone alone. 

Mesers. Bolckow and Vaughan have kindly furnished the wnier with 1 
series of samples which have been submitted to breaking strains, and the 
following are the results :— - 


riment. . Tons. owt. 

o. 1 boiler plate } thick sec.,—1 in. sq., breaking wt., 26 10 
No. 2 do. ” 1 in. do. 27. 20 
No. 3 do. ” 1 in, do. . 25 20 
No. 4 do. ” 1 in. do. 26 o 
No. 1 bariron ,, 1 in. do. 25 Oo 
No. 2 do. " 1 in. do. 25 oO 
No. 3 do. " 1 in. do. 25 10 
No. 4 ~~ do. 0 x in. do. 24 10 
No. 5 do. " 1 in. do. 24 10 
No. 6 dao. ” 1 in. do. 24 0 
No 7 do. ” r in, do. 25 #0 
No. 8 do. ” 1 in. do. 25 0 
No. 9 do. " I in. do. 25 o 
No. 1006p do. I in. do. 25 #0 
No. 117 do. n 1 in. do. 25 #0 
No. 12 do. - I in. do. 25 10 
No. 1 do. submitted for 60 hours to a strain of 22 tons, 


‘iuring which time the elongation was §ths of an inch. 
The quality of both the plates and tested in these experiments was No. 3 
of extra quality. 

Not a bad estimate of the inherent excellence of any pig iron may 
formed from the quality of bars it is capable of producing and from the los 
of weight incurred in the process of puddling. Within the last few days the 
writer has received from the manager of one of the largest bar-iron works 0 
Scotland a return of the quantity of Scotch pig iron required to make om 
ton of puddled bar. He gives 22} cwt. of pig for one ton of refined metal; 
214 owt. #ths refined and jth pig to a ton of puddled iron, which is equal 
234 cwt. of pig per ton of puddled iron. When the pig is not refined but 
puddled direct, 23} cwt. are consumed for one ton of puddled iron. Thee 

, from personal experience of some years, the writer considers 
indicate as good a yield as the Scotch iron is capable of affording. From tve 
separate works using pig iron made from Cleveland ironstone the following 
returns have been furnished: from one, the produce for the whole of 182 
was 22 cwts. Oqrs. 16 lbs. of pig to the ton of puddled iron, and for the firt 
six months of 1863 it was 22 cwts. Oqrs. 17 lbs. at the same work. The 
second establishment gives for the year 1862, 22 cwts. Oqrs. 16 lbs. of 
No. 4 iron to the ton of puddled bar. The loss, therefore, on iron produced 
from Cleveland ironstone is only about 66 per cent. of that when usilg 
Scotch iron, and the quality of the former is such that the preliminary pre 
cess of refining, as has been already stated, is all but entirely dispensed with 

Many of the forges being, under the circumstances just enumersfed. of 
recent construction, embrace all the latest improvements. Very powerful 
steam-hammers forge down the puddled balls so rapidly into blooms or slab, 
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that two of these are frequently taken simultaneously to\the yuddling-mill _.. °-.. 
and rolled out by “ doubling” into a single bar, of dimensi TFiBA PIER ee 
the subsequent destination of the product. ° ae 


In the puddling-furnaces different materials are employed in different 
localities for protecting the iron bottoms. In some places the plastic hema- 
tite from Lancashire is the substance used; in others limestone is preferred. 
In most cases, however, “ bulldog,” 3. ¢. calcined mill-furnace scoriz, ground 
and mixed frequently with a small quantity of red ore, is found a good 
covering. This substance is capable of resisting the corroding action of 
puddling pig, which is more rapid than that of refined metal, or a mixture of 
refined metal and pig. 

The qualities of pig iron used in the puddling-furnaces vary with circum- 
stances; for a fibrous quality of bar, No. 4 forge pig gives very satisfactory 
results. <A considerable quantity also of white and mottled iron is worked 
up in our forges. 

ishing mills of great power have been constructed, capable of rolling 
rails, bars, angle and girder iron of any section, and of the greatest lengths 
produced in this branch of manufacture. Sheets of all kinds and plates of 
the largest dimensions, short of the huge masses of iron now applied to our 
ironclads, are also turned out, of excellent quality. 

Supposing the make of pig iron in the district more immediately connected 
with the Cleveland ironstone field to have been 667,000 tons, it will pro- 
bably have been disposed of as follows :— 


T 
For foundry purposes in the neighbourhood, say ave rn : $0,000 
For malleable iron wes eos ase vos ees sa. 00,000 
Exported elsewhere eee wes ese wee ase eee 117,000 
Total... oes oes oes «+ 667,000 
In addition to the ironstone and hematite consumed on the east 
coast, amounting, as we have already seen, to about ... .-» 1,870,000 
There will have used jn pig and bar iron-works and 
foundries of coal, say... vee eee wes eos sss 2,900,000 
Lamestone at the blast-furnaces ... wee _ wes es. §00,000 
Total weight of materials ... aes §270,000 


The capital employed in mines, blast-furnaces, and malleable iron-works 
will be from two to three millions sterling. 


The annual amount of wages for miners, furnace-men, and 
workmen in the mills, forges, &c., say “eee ... £1,750,000 
The dues paid to the railways for carriage on minerals and on 
iron will not be far short o wee ase ves vee . 500,000 
The activity imparted to our local iron-trade by the recent discovery of the 
Cleveland bed of stone, near Middlesbro’, has few, if any, parallels in the 
commercial history of the kingdom. Fifty years ago Staffordshire and Wales 
had reached great eminence as iron-producing districts. Their powers 
sufficed at that time to supply the chief requirements of our commerce. 
Gradually, as this demand increased, their means of production extended, 
until Neilson’s discovery of the hot-blast enabled the Scotch ironmasters, 
five-and-thirty years ago, to bring their rich black-band into competition 
with the clay ironstone and hematite ores of England. 
Enormous as are the quantities of iron produced by the works of the 
localities just enumerated, it must be remembered that their present condition 
was the growth of a considerable period of time. Ten years, on the other 
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hand, sufficed to place the iron-trade connected with the Cleveland bed of 
ore in its present remarkably conspicuous position. 

The Middlesbro’ ironstone was opened out in the latter part of 1850, and 
in the year 1860 the following numbers indicate the weight of pig iron 
smelted in the districts quoted for the sake of comparison :— 


Northumberland, Durham, and the North Riding of York ... 658,679 toms. 
North and South Staffordshire... _ oes ove - 616,450 ,, 
South Wales ves wee eee _ _ eee --- 969,025 ,, 
Scotland (the whole of)... oe . . : 937,000 ,, 


The figures are from the Geological Survey. 
This rapid rate of increase in our local trade has been maintained without 
the exercise of any influence of a speculative character. New markets had 
to be sought, increased sources of consumption had to be organized in our 
own vicinity, and some prejudices had to be overcome before the new brands 
of this additional iron district were fairly accepted as an important contn- 
bution to the metallurgical industry of the kingdom. Now that this much 
has been honestly and completely accomplished, we may fairly look for a 
great extension of those local branches of manufacture in which iron plays 
an important part. With our cheap fuel, magnificent and improving harbours, 
and enormous commerce, it is only reasonable to suppose that rolling-mills, 
engineering establishments, iron-ship building, and many other similar 
undertakings will find a place among us, and assist in maintaining for the 
North of England a very honourable rank in those industrial communities 
which contribute so largely to the welfare and prosperity of the British 


empire, 


On the Manufacture of Steel in the Northern District, 
By Tuomas Srencer, M.ILM.E. 


Tue history of the manufacture of steel in this locality commences at a 
very early period; for we find that, probably three hundred years ago, a 
colony of Germans settled at a place on the river Derwent, within a few 
miles of this town, and, according to tradition, there established this branch 
of local industry, where they also attained some celebrity as manufacturers 
of swords and edge tools. The names of these immigrants, who, it is stated, 
took refuge in this country that they might enjoy religious liberty, were Ole, 
Mohl, Vooz, &c., &c., and some of whose descendants still reside in the 
village where their ancestors originally settled, the names being now Angt- 
cized to Oley, Mole, &c. The name of the village is Shotley Bridge, and in 
the wall of an old two-story dwelling-house, the original materials of which 
are hidden under a coat of “‘ rough cast,” there still exists a stone above the 
doorway with an inscription in bad German, to the following effect :—prs. 
HERREN. SECEN MACHET. REICH. OHN. ALLE. 8ORC. WAN. DV. ZVGLEICH. IN. DEINE. 
STAND. TREYW. VND. FLEISIC. BIST. VND. DVEST. WAS. DIR. BELOHLEN. Ist. 1691. 
of which the following is a free translation, showing that the original im- 
porters of the steel-manufacture to this district were probably good Lutherans, 
who had suffered persecution for conscience’ sake :—<“ The blessing of the 
Lord makes rich without care, so long as you are industrious in your vocation 
21d do what is ordered you.” 

“ut there is a much earlier record of these German immigrants than the 
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sabove, the parish register at Ebchester Church containing the following entry, 
by which it will be seen that the name even then had undergone a change :— 
«© Elliner, the daughter of Mathias Wrightson Oley, was baptized on the 17th 
day of June, 1628.” It shows also that the grandfather of the child then 
baptized had probably married into a family of the name of Wrightson, at 
that time resident in the neighbourhood, as appears by several entries in the 
parish register of the period, clearly marking a third generation. 

In all probability the next works of this nature established in this locality 
were those of Sir Ambrose Crowley, who is described as an ironmonger, and 
afterwards Alderman and Lord Mayor of the city of London, and who 
appears to have commenced » manufactory at Winlaton Mill in the year 
1691. The names of Landells and Chambers are mentioned as being in this 
trade at an early period, after whom came Cookson, Spencer, and others, 
whose works are carried on at the present time. 

The manufacture of steel, as at present carried on in this district, com- 
prises the following descriptions :—Blistered, shear, spring, and cast steel, to 
produce which the following materials are required :—lIron, carbon in the 
shape of charcoal, manganese, coal, coke, fire-bricks, and fire-clay ; of these 
the iron and manganese are imported into the district, the former, for the 
best qualities of steel, being brought from Sweden. The charcoal, coal, coke, 
fire-bricks, and fire-clay are produced in almost inexhaustible quantities, and 
of most excellent quality, in the immediate neighbourhood. A small pro- 
portion of the fire-clay, however, is brought from a distance for admixture 
with that found in the locality. : 

The mode of manufacture in use here is that known as the cementing or 
converting process, the furnaces used being large enough to contain from 
10 to about 23 tons of material at one time; this material consists of 
selected iron, known to the manufacturer as being most suitable for the 
purpose for which it is ultimately intended. It is placed in the cells of the 
furnaces with bruised charcoal in alternate strata, the whole being covered 
with a vitreous material to effectually exclude the air; and heat is applied 
for a period of about eight or ten days, according to the degree of carboniza- 
tion required. The mass is allowed to cool for several days, and the bars 
are then taken out in the form of blistered steel. The change that has 
taken place in its structure since it was placed in the converting furnace is 
very marked ; for instead of being of a fibrous nature, it is now quite of a 
crystalline character, and it must be reduced or drawn out under rolls or 
heavy hammers to bring back to it something of its former nature. It is, 
however, used in the blistered state for many purposes, such as for welding 
into hammer faces, and for welding to iron for edge tools and for spades and 
shovels, although cast steel is now fast superseding its use even for these 
purposes. Spring steel is made by simply reducing with rolls the blistered 
bars ; and shear steel is made by repeatedly drawing down and welding the 
blistered bars. This last-mentioned description is also being fast superseded 
since the introduction of mild welding cast steel. 

The most important of what may be termed the secondary processes of 
this manufacture is that for producing cast steel, and it is (among the old 
methods of making steel) of the most recent introduction. Cast steel is 
different from all the other descriptions of steel in its fineness of grain, 
greater strength, and its homogeneity. The first steel used in this country 
partaking at all of the nature of this description of steel was the Indian 
Wootz, which was much prized by users of steel, especially by the makers of 
dies for coining-preeses, who, it is said, paid the almost fabulous price of five 
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guineas per pound for it. The discovery of the English method of making 
cast steel is due to Benjamin Huntsman, of Attercliffe, who appears to have 
arrived at it by a series of experiments. He was a clockmaker, and desired 
to improve the quality of steel for clock springs. He was born in some 
part of Lincolnshire in the year 1704, and although his family are said to 
have been German, he must have become thoroughly Anglicized, as he was 
a strict Quaker. In all probability, this discovery was made before the year 
1760, as it had become public previous to his death, which took place nm 
1776, at 72 years of age. This process was first introduced into this locality 
by the late firm of Messrs. Crowley, Millington, and Co., at the beginning of 
the present century, probably about the year 1810, who were next followed 
by Messrs. Spencer, of Newburn. Afterwards, Messrs. Cookson and (6. 
erected cast steel melting-furnaces at their works at Derwentcote; and 
within the last few years, Messrs. Fulthorpe and Co., of Dunston, commenced 
this branch of the steel-trade. Cast steel is produced by breaking the 
blistered steel into small pieces, and placing the same in crucibles or melting- 
pots capable of containing 36 to .40 lbs. weight each, two of which are 
placed in each melting-furnace. A plentiful supply of coke is now filled 
into the furnaces, and by the aid of a strong draught of air an intense white 
heat is obtained, and kept up for three or four hours, according to the nature 
of the steel required. When it is ascertained that the steel is perfectly 
melted, the crucibles are taken out and their contents poured into ira 
moulds conveniently placed near, and left to stand until in a cool enough 
state to be taken out as cast-steel ingots. These ingots are afterwards 
reheated, and hammered or rolled, or it may be both hammered and milled, 
according to the description of article for which it is intended to be wsdl. 
To produce large ingots, a number of crucibles, containing liquid steel, art 
brought out of the furnaces, quickly following each other, and a continoow 
stream is kept flowing into the mould, There is scarcely a limit to the ss 
of ingot that may be made in this way, as was evidenced by the monster 
block of steel exhibited by Krupp, of Essen, at the International Exhibitia 
in London last year; but great risks are run of getting an unsound ingd, 
as the least delay in getting out every crucible of steel in perfect order might 
cause a cessation of the stream, and thus make an unsound casting. In th 
year 1839 a great improvement was made in cast steel by Josiah Heath, by 
the introduction of manganese. 

Having described the various processes that the several different kinds 
steel undergo in its manufacture, it may be useful to notice some of the ne¥ 
methods that have been tried in the neighbourhood. 

The method of making steel by the cementing or converting process, 4 
already described, may be called the indirect method, because the object 0 
the process is to deprive, in the first instance, the pig iron of the whele of 8 
carbon, making the product as nearly as possible a pure malleable iron, and 
afterwards imparting to it again the necessary quantity of carbon to make i 
into steel. The new methods seem to aim, for the most part, at making ated 
by a direct process, without depriving the pig iron of the whole of its carboa, 
and without reducing it into a malleable iron condition. This is effected by 
extracting a large portion of carbon, but taking care to leave in a sufficen! 
quantity to make steel, the object being to save the great waste of me 
attending the puddling of iron, as well as the actual cost of that proce 
Of these last methods the Uchatius process is one that was extensively &- 
perimented on a few years ago at the Newburn Steel Works, and the follow- 
ing is a short description of the manner in which the process was carried 2. 
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Pig iron, of a first-class quality, was melted in a reverberatory furnace, and 
run into a tank filled with cold water, where it was reduced into granules; 
this ulated cast iron was mixed with pulverized oxide of iron and some 
alkaline earths, and the whole put into the ordinary steel melting-crucibles, 
and then placed in the farnaces, to which heat was applied in the usual way 
until it was brought into a fluid state. By this method it was thought that 
the degree of hardness of the steel was capable of being regulated by the 
size of the granules and by the quantity of oxides used; but after a great 
number of experiments, at a cost of little under a thousand pounds, on 
attempting to work it in large quantities, it was found that the product was 
so uncertain in the qualities necessary to good steel, that the process was 
altogether abandoned. This irregularity of the produce was probably caused 
by the uncertain quantity of carbon in the pig iron used. 

A method of making “ puddled” steel has been tried in this locality, but 
“without success. This process was a patented invention of Riepe, a German, 
and consists in puddling cast iron in a furnace constructed specially for the 
purpose, until it is observed to be in the condition of steel. This state is 
found to exist when a particular form of bubble appears on the face of the 
metal. . 

The Bessemer process of making steel has also been introduced into the 
district, at Tudhoe, near Ferryhill, but with what success the writer is not 
able to say. The operation, as is generally known, consista of blowing 
atmospheric air through a mass of melted cast iron until the carbon and the 
whole of the impurities of the iron are burnt out of it. This process was so 
ably described by Mr. Bessemer himself, at the Meeting of the British Asso- 
ciation at Cheltenham, that it is unnecessary to give a detailed description 
of it here; but it may be mentioned that he commenced by extracting only 
a portion of the carbon, intending to leave a sufficient quantity to produce 
ateel, but the difficulty of adjusting the exact amount finally led him to 
extract the whole, and afterwards restore the exact quantity requisite by 
adding a measured amount of highly carbonized cast iron. Experiments in 
making cast steel from the Taranaki sand from New Zealand, and also from 
another similar sand from the coast of Italy, have been tried at Newburn, 
with a result of getting an excellent quality of steel; but, although yielding 
about 51 per cent. of metal, the cost of its production, without including 
anything for the sand, was so great, that it would not answer commercially. 
It may be mentioned that this description of metallic sand appears to possess 
the remarkable property of not becoming oxidized when kept in a moist 
condition; and the writer would call the special attention of chemists and 
metallurgists to the fact, with the view of arriving at (what would be an 
invaluable discovery) the production of iron or steel that would not be sub- 
ject to the destroying action of the oxygen of the atmosphere. 

The articles manufactured from steel in this locality are very numerous: 
amongst which may be mentioned railway axles, tyres and springs, piston- 
rods, motion-bars, and files for engineers’ use, rings for Blakeley guns, shot, 
&c.; the great bulk of tonnage being railway-springs of various kinds— 
buffing, bearing, and traction, in the laminated form, as well as the volute 
spring originally made in this country at Newburn, and of which there have 
been many hundreds of thousands made within the last few years. The 
rings supplied for guns made in this district have been pronounced by the 
consumers superior to any others. A firm, in this locality, has been appointed 
makers of springs for Mr. W. Bridges Adams’s patent for the application of 
circular springs between the tyre and the frame-wheel for all kinds of rolling 
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stock on railways, and_it is stated that springs applied in this manner effect 
an increased durability in Staffordshire tyres of 50 per cent. over Krupp's 
cast-steel tyres without the springs. 

The estimated annual value of the steel manufactures of the distnet » 
about £100,000, giving employment, at the present time, to about dW 
persons, and consuming annually about 15,000 tons of coals. There ar in 
the district nine converting furnaces and fifty-two cast-steel melting-furnaces. 
The following is a list of the firms possessing those furnaces :— Messrs. John 
Spencer and Sons, Newburn, six converting and thirty-six melting-farnaces: 
Messrs. Cookson and Co., Derwentcote, one converting and six melting-fur- 
naces; Messrs. Fawcus and Co., Swalwell, two converting and six melting- 
furnaces ; Messrs. Fulthorpe and Co., Dunston, six melting-furnaces. 

As far as can be ascertained, it would appear that the number of persons 
employed in this trade in 1838 would be from seventy to eighty, and the 
weight of steel produced annually at that time would be about one-ninth the 
quantity now produced. The prices of steel range from about £18 to £11? 
per ton, according to the description, the quantity, and the size. 

This district is highly favourabie for the development of the manofacture 
of steel of the best quality, owing to the facility and cheapness with which 
a supply of iron can be obtained from Sweden—freights frequently being as 
low as 3s. 6d. per ton—and also owing to an abundant supply of cheap fuel 
and labour in the neighbourhood. The business requires, however, the most 
vigilant attention of thoroughly practical and experienced persons in its 
management to attain any considerable amount of success. 


Report on the Theory of Numbers.—Part V. By H. J. Srepaex 
Smita, M.A., F.R.S., Savilian Professor of Geometry in the Uncver- 
sity of Oxford. | 
120, Geometrical Representation of Forms of a Negative Determinant.— 

Before quitting the subject of binary quadratic forms, we have still to met- 

tion several investigations of great interest, relating chiefly to forms of 3 

negative determinant. We shall first refer to the geometrical considerations 

which Gauss has employed to illustrate the nature of these forms *. 

Let an infinite plane area be divided by two systems of parallel lines mio 
similar and equal parallelograms. The vertices of these parallelograms we 
shall call nodes; and we observe that every system of nodes possesses the 
characteristic property, that if it be displaced without rotation in its owt 
plane, so as to bring any one node into a position originally occupied by any 
other node, then every node will also occupy a position originally occupied by 
another node; and the system in its second position will entirely coincide 
with the system in its original position. From this property we infer thet 
the system of nodes admits of an infinite number of parallelisms besides the 
given parallelism ; ¢. ¢. that it may be regarded, in an infinite number of dif- 
ferent ways, as dividing the plane area into similar and equal parallelo- 
grams. For let O and O’ be any two nodes such that no node lies on 00 
between O and 0’; let P be one of those nodes which lie the nearest to the line 


* See Gauss’s review of Seeber’s “‘ Untersuchungen iiber die Eigenachaften der te 
niren quadratischen Formen,” in the Gdttingen ‘ Gelehrte Anzeigen’ for 1831, No. 108, 
or in Crello’s Journal, vol. xx. p. 312; also Lejeune Dirichlet, Crelle, vol. x1. p. 209. 
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©0' produced indefinitely both ways, and let PP’ be drawn parallel and equal 
to 00’; then P’ is anode, and OO’P’P is a parallelogram of which the vertices 
are nodes, and which has no other node either on its contour or in its interior ; 
such a parallelogram we shall call an elementary parallelogram. It is then 
evident from the characteristic property of the system, that every elementary 
parallelogram supplies us with a parallelism of the system; also we can 
obtain an infinite number of dissimilar elementary parallelograms ; for if Ox 
and Oy are the two lines of the given parallelism which intersect in O, and 
if m and n are any two integers relatively prime, the intersection of the mth 
parallel from Ox with the nth parallel from Oy will give a node 0’ such 
that no node can lie on 00’ between O and 0’; and, again, instead of P in the 
preceding construction, we may take any node lying on either of the two lines 
of the system which are the nearest to OO’. The areas, however, of all 
elementary parallelograms are equal. To prove this, we observe that if 
AOB is an elementary triangle (7. ¢. a triangle of which the vertices are 
nodes, but which has no other node cither on its contour or inside it), the 
parallelogram OAO'B obtained by drawing parallels to any two of its sides 
(9A and OB through the opposite vertices B and A is an elementary parallelo- 
gram. For if AO and BO are produced to A’ and B’, so that O bisects AA’ 
and BB’, A’ and B’ are nodes, and the triangle A'OB! is elementary; because 
iff there were a node 2’ (other than ita vertices) in A’OB', we could imme- 
diately construct a node x (other than its vertices) in AOB. But A’/OB! can be 
made to coincide with BO’A by a displacement without rotation; therefore 
30’A is elementary as well as AOB; or the parallelogram AOBO' is elemen- 
tary. Hence, if two elementary triangles have a common base, they are cer- 
tainly equal. For if through the vertex of either triangle we draw 8 parallel 
to the base, an elementary parallelogram will be contained between that 
parallel and the base; that is, the altitude of either triangle will be the dis- 
tance of the base from the parallel] nearest to the base; or the triangles will 
be equal. Again, let AOB, a0b, be any two elementary triangles, which we 
may suppose to have a common vertex ; if BOa is an elementary triangle, they 
are each of them equal to it and to one another; if not, let 2 be that node 
contained in BOa which lies the nearest to OB, then BO is elementary, and 
has the side BO in common with AOB ; by proceeding in this manner we shall 
form a series of clementary triangles, of which the first is AOB, and the last 
aOB, each triangle having a side in common with that preceding it, whence 
AOB=a06; i.e. any two elementary parallelograms are equal. 

We shall next show that it is always possible to find a reduced 
lelogram, i. ¢. an elementary parallelogram, the sides of which are not 
greater than its diagonals. Let O be any node; A a node as near to O as 
any otber; B e node on one of the parallels nearest to OA, and as near to O 
as any node on either of those parallels; complete the elementary parallelo- 
gram OAO’B ; it will have the property required. Produce O’B toO", making 
BO" =0'B; then AB=00"; but by hypothesis OA < OB, and OB < 00’, 
OB < 00"; i. ¢. the sides of OAO'B are not greater than its diagonals. 


Again, if OAO’B is a reduced parallelogram in which OA < OB, it can be 
proved that no node lies nearer to O than A, and that no node, out of the 
line OA, lies nearer to O than B; for, first, no node on the line OBO! lies 
nearer to O than B, because by hypothesis OB < 00’, OB < 00", and because 
the extremity of the perpendicular drawn from O to OO! falls between the 
points of bisection of the segments O”B and BO’, or on one of those points : 


secondly, no node on any parallel bevend O’'BO' can lie as near to O as B, 
1863. 3D 
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for the limits of the angle AOB are evidently 60° and 120°; whence the 
perpendicular distance of OA from the parallel nearest to it but one 
> OBY3; i. ¢. the distance of any node on that parallel from O is > OB. 

~ If then we join any node O, first to a node A, which lies as near to 0 a 
any other node, and, secondly, to a node B, which lies as near to O ssany 
node out of the line OA, the joining lines are adjacent sides of a reduced 
parallelogram ; for, by what precedes, B must lie on one or other of the 
parallels nearest to OA. | 

In general, a system of nodes has but one reduced parallelism, because 1 
general there is a pair of opposite nodes AA’ each of which is nearer to 0 tha 
any other node whatever, and a second pair of opposite nodes BB’, not lying 
in the line AOA’, each of which is nearer to O than any node not lying 0 
that line. Even if A and B are equidistant from O, provided only that ther 
. common distance from O is less than the distance of any other node from 0, the 
system has but one reduced parallelism. But there are two special cases in 
which a nodal system admits of more than one reduced parallelism. 

1. If there is one pair of opposite nodes AA’ nearer to O than any othe 
node, and two pairs BB’, 6b’, equidistant from O, not lying in the line A0A, 
and nearer to O than any other node not in that line, the system admits d 
two reduced parallelisms, having one set of parallels in common, and having 
their common set of parallels equally inclined to the other two sets. 

2. If there are three pairs of points at the minimum distance from 0, 
the system of nodes forms a system of equilateral triangles ; and, suppressing 
in turn each one of the three systems of parallel lines by which thee 
triangles are formed, we obtain the three reduced parallelisms of which t# 
system admits. 

That, in these two cases, the reduced parallelisms are such as we bhatt 
described, and that, except in these two cases, there is but one reduced 
parallelism, may be inferred from the existence of a reduced parallelogram 
in every system, and from the properties which have been shown to belong 
to it. 

To apply these results to the theory of quadratic forms, let az*+2bsy+¥ 


be a form of the negative determinant —A; let cos => and with s par 


of axes inclined to one another at an angle w, let us construct all the pant 
whose coordinates are integral multiples of Ya and Vc respectively ; thu! 
forming a nodal system. The expression ax? + 2bay-+-cy? will then represet! 
the square of the distance between any two nodes, the differences of whose coi 
dinates are w/a and yb: and the area of an elementary parallelogram wil 
be ¥ A. If the transformation a=aX + BY, y==yX+3Y,where ad—py=t! 
change azx*+ 2bey+cy? into AX?+2BXY+CY?; and if, in the same plax 
as before, we construct a nodal system corresponding to the latter form—t 
directions of rotation from the axis of X to the axis of Y, and from the sv! 
of x to that of y, being the same—it will be found that the two systems 03 
be made to coincide. For if we consider the point in the first system who 
coordinates are xa/a, ya/c as corresponding to the point in the second syste 
whose coordinates are X./ A, Y./C, the distance between any two points¢ 
the first system is equal to that between the corresponding points of the second 
system ; therefore the two systems are identical, and are either similarly s% 
ated, i. ¢. are capable of being made to coincide by moving either of thes 
about in their common plane, or else are symmetrically situated, 1 ¢ 4 


capable of being made to coincide after the plane of one of them has beet 
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tured over and applied again to the plane ‘of the other: On comparing any 
two corresponding triangles in the two systems, for example the triangle 
obtained by giving to X and Y the values (0, 0), (1, 0), (0, 1), with the 
triangle obtained by giving to 2 and y the values (0, 0), (a, y), (GB, 5), it 
will be seen that the two systems are similarly or symmetrically situated, 
according a8 ad-By=-+1, or= —1. : : 
It thus appears that a class of quadratic forms of a negative determinant 
may be considered to represent a nodal system, and that each form of the class 
corresponds to a parallelism of the system. Conversely, to each parallelism 
of the system a form of the class corresponds. For let Ow, Oy be lines of 
any parallelism of the system, and OX, OY lines of any other parallelism, 
the directions of rotation from Ox to Oy and from OX to OY being 
the same; let also ./a, /c be the lengths of the sides of an elementary 


parallelogram in the first system, and a the cosine of the angle between’ 


them; andlet /A, C, a have the same signification with regard to 
the second system ; then, if (xa, yc), (Xo A, YC) are the coordinates 
of the same node P, we must have two equations of the form x=aX +/Y, 
y==yX+Y, in which x and y are integral if X and Y are so, and vice versd; 
hence a, GB, y, 6 are integral, and ag—By=+1; the sign of the unit being 
determined by the supposition we have made as to the situation of the axes 
with respect to one another. Also OP? =a2?+ 2bry+cy?=AX’+2BXY +. 
CY’; or the two given parallelisms are represented by two properly equiva- 
lent forms. _ 

The theorem that in every nodal system a reduced parallelism exists, has 
for its arithmetical expression, “In every class a form exists in which 
[26}< [a], [25]< cc.” We thus obtain an. indepéndent proof of the theory 
of reduction of Art. 92; the geometrical signification of the special condi- 
tions in the definition of a reduced form ‘is as follows :—If a=c>([26], the 
corrresponding nodal system has only one reduced parallelism ; but either of 
the two directions in this reduced parallelism may be taken for the axis of 2, 
consistently with the condition that the rotation from Ox to Oy should have 
a given direction; the condition 24 > 0 implies that if the angle between the 
axes is not right, that direction is to be assumed for the axis of 2 which ren- 
ders the angle between Ox and Oy acute. Similarly, if a <e, but a=[2b], 
the system has two reduced parallelisms, and the condition 2b>0 distin- 
guishes one of them from the other. If a=[2b]=c, the system has three 
reduced parallelisms, which are identical and similarly placed; the condition 
26> 0 does not distinguish between these, but only between the two modes in‘ 
which any one of them can be taken. 

The number of automorphics of a class may be ascertained by causing the 
nodal system which represents it to revolve in its own plane round one of its 
nodes, and examining the number of positions in which it coincides with its ori- 
ginal position. After a revolution of 180° it will always do so; but in order 
that it should doso in any other position, the first and second sides ofits reduced 
parallelogram must be equal, and must include an angle of 90° or- 60°, ¢. ¢.. 
the system must be one of squares or of equilateral triangles. Hence we infer. 
(Art. 90) that there are in general but two automorphics for a form of a 
negative determinant, but that for the classes containing the forms a*+y? 
and 227 + 2xry +2y’ (or multiples of those forms) there are four and six respec- 
tively. ' 

3D2 
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Similarly we may investigate the conditions for the ambiguity of a class. 
In order that a class should be ambiguous, the nodal system representing it 
must be symmetrically equivalent to itself. If therefore there is but one 
reduced parallelogram, that parallelogram must be symmetrically equivalent 
to itself, 7. ¢. if must be either a rectangle or a rhombus. When there are 
two reduced parallelograms, we have seen that they are symmetrically equ- 
valent to one another; and when there are three, they are each of them 
rhombs. We thus obtain the conclusion that if (a, 5, c) is the reduced form 
of an ambiguous class, either b=0, or a=c, or a=2b (Art. 94). 

121. Application of Formule relating to the Division of the Cirde to tu 
Theory of Quadratic Forms.—We have already referred to the trigonometrical 
solutions of the equation T°—DU’=1 (Art. 96, ix.) and to the connena 
existing between them, and the number of classes of quadratic form o 
determinant D (Art. 104.) 

If p isa prime of the form 3n-+1 or 4n+1, the coefficients of the cubic, 
or biquadratic, equation of the periods depend on the values of the indetermi- 
nates in the equation 4p =2" + 3y’, or p=2" + y? (Art. 43). Thus in these two 
cases, if, for any given value of p, we calculate the equation of the periods, ve 
obtain, by a direct though tedious process, the values of the indeterminstes n 
certain simple quadratic decompositions of 4p or p. But the theory of the 
division of the circle supplies a method equally direct and of more gener 
application for the investigation of such decompositions in certain cases. The 
principles of this method were discovered by Gauss, who deduced from then 
the first of the three following theorems :— 

“Tf pedn+l=a2’*+y’, 

i2n 
IIn. [In 


v==s ,mod p; #=e1, mod 4; © 


mod p.” 


(Gauss, Theor. Res. Biq. Comm. prima, art. 23.) 7 
“If p=3n+1, 4p=2’+3y’, 


(Jacobi, Crelle, vol. ii. p. 69 ; Stern, id. vol. vii. p. 104, vol. ix. p. 198, vol. xvi. 
p. 875; Clausen, ib. vol. viii. p. 140.) | 
“ If p=8n+ 127+ 2y’, 
. dn nee 1” 
v=} gy modp; a ==1, mod 4. 7 
(Jacobi, Crelle, vol. xxx. p. 168; Stern, 2b. vol. xxxii. p. 89.) 

In all these formule the absolute value of x is evidently < Jp; so that f 
is determined without ambiguity as the minimum residue for the modulusp | 
of the binomial coefficient. And the combination of the two congruent — 
satisfied by a: gives rise in each case to a remarkable property of the coefi- 
cient: thus, from the two congruences satisfied by x in the first theorem, ¥ 
infer that “if pis a prime of the form.4n+1, the minimum residue d 


II2n ; ” 
dans tin Tn for the modulus p is of the form 4m+1. 


To show, by an example, how these formule are obtained, we shall consider 
the last of them in particular. Resuming the notafion of Art. 30, let @ bet 


p-l . 
primitive root of: the equation 2?~!'—1=0; and let @=98 =v, @™"=e'='. 
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suzy—2 x? — 
F (#)=35 so x representing a root of the equation - *=0, and y a 
$= ~ 


primitive root of the congruence 2?—' =1,mod p. Theny wa ore 
is an integral function of w only (Art. 30, iii.) ; let py (w)==a-+bw+cw"+dw’. 
The function OE is not changed, if for 0~" we write 9—** ; there- 
fore 9 (w)=(w"); 2. ¢. (6B—d) (1—t) w+ 2ci=0, or c= 0, b= d, and Wy (w)= 
a+ (1+), p (w7’) =a+b(1—i) ww"; 80 that p= (w) x Y (wo) = 


, , 15 
a? +25* (Art. 30, iv.). Again, ¥(y")=a+8(7"+7")=—7 ag mod p 


9” 
lin = 
a=-} fin 4dr’ To show that a = —1, mod 4, we observe that by the 


definition of the fanction y,  (w)= Zw", y, and y, representing any two 
numbers of the series 1,2, ... » —2, which satisfy the congruence y*!+ y= 1, 
mod p. Hence a= (—1)%2+"!, where y, is one of the numbers 1, 2,..2n—1, 
amd 7,, 7, satisfy the congruence y*"' + 79?==1, mod p. Let o be any one of 
the numbers 1, 2,..n—1, and let A, B be the values of +"? corresponding to 
the values n—o, n+o of ,; then Ax B=(1— 76) x (1—y* Ot) — 
—y~* (ate), (1—y* (»+e))?, mod p; therefore A x B is a quadratic residue of 
p, and the values of y, corresponding to the values n—«¢, n+ of n, are either 
both even or else both uneven ; also, if 7,=n, y*?= 2, mod p, and y, is even, 


because (=)=1. Let & be tho number of values of »,, included in the series 


1, 2, .. n—1, for which y,+1, isuneven; then a= Z(—1)#t%=2(n—1)— 
4he+(—1)*; t. ¢. a== —1, mod 4. 
We might also determine x in the equation p=2z*+ 2y’ by the congruence 


2S (- dg mod p, or by the congruence x= 2™ x 4 a 
mod p. These determinations, which have been given by M. Stern, may 
- —s —3n 
either be obtained directly by considering the functions oe 
_ 2 
C om , or may be deduced from the formula of Jacobi. The formuls for 


the determination of x in the first two theorems also admit of various modi- 
fications. It will be observed that, in the first, y is determined by a con- 
gruence as well as x, This determination is obtained by a comparison of the 


2 
two congruences 1 +2, == 0, mod p, 1+(I2n)? = 0, mod p(the latter arising 


from Sir J. Wilson’s theorem); with regard to it Gauss observes, “ quum 
insuper noverimus quo signo affecta prodeat radix quadrati imparis, eo scilicet 
ut semper fiat forme 4m-+1, attentione perdignum est, quod simile criterium 
generale respectu radicis quadrati paris hactenus inveniri non potuerit. Quale 
si quis inveniat et nobiscum communicet magnam de nobis gratiam feret.” 
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These congruential determinations possess great interest, not only becaus 
direct methods of solution present themselves very rarely in the theory of 
numbers, but also on account of the singular connexion which they establish 
between certain binomial coefficients and certain quadratic decompositions of 
primes. Nor is it less remarkable that the properties of the resolvent fune- 
tion of Lagrange form the intermediate links in this connexion ; although it 
is proper to observe that Gauss has exhibited his demonstration of the theorem 
relating to the equation p=2’-+ y’ in a form in which ita connexion with the 
theory of the division of the circle is disguised. 

Results of:a more general character have been obtained by Jacobi and 
Cauchy. Cauchy has treated of the subject with great fulness of detail in his 
Memoir on the Theory of Numbers, in the 17th volume of the Memoirs of the 
Academy of Sciences (pp. 249-768); while Jacobi has barely indicated his 
method in his note on the division of the circle (Crelle, vol. xxx. p. 166): 
nevertheless, as in some respects it seems preferable to that employed by 
Cauchy, we shall endeavour to adhere to it in what follows. 

_ Retaining the other notations which we have employed in this article, lé 
F (6-™) F (6~*) 
~ F(e7 mt) © 
@ explicitly; we observe that y (m, n)=y (n, m); Pp (0, n)=y (m, = 
y. (0, O)==—1; also p (m’, n')=y (m, xn), if m' =m, mod p—1, n=", 
mod p—1; yp (m,n)=(—1)"*! p=(—1)*t! p, ifm-+n= 0, mod p—1, bats 
and are not =0,mod p—1. Letm,,m’,,.....m,” be any set of «+1 nun- 
bers, each of which satisfies the conditions 0 <m, < p—1; let m,4+m,+-... 
+m, =n, (p—1)+5,, where 0 <s <p—1; and put F(@—™) F (™)-. 
F (6-™) =: (0) F (6-"!.) | Writing, for brevity, 

. p=, pb =m, tm, p,m, +m, +m,",...modp—], 

and determining 2, y,', 4," .. .80 a8 to satisfy the conditions 0 < p,<p—l 
find x (6) = (4, m,') p(p,',m,").... bu, O~, m,). In this expression t 
pO +m) > p—1, we write for p (u,%, m,“t") its equivalent p+ 
W(p—1—p,%, p—1—m,“*"); and if p,O+m,“t9=p—1, we write fr 
b (p,, m,4+))) its equivalent (—1)'+™"*"», It is evident that the cosd- 
tion p+m“t) > p—1 will be satisfied n, times precisely ; so that x(@! 
assumes the form p™ £0) , ©, (8) and ®, (8) denoting products of factors of 
the form y (A, h’), in aa of which A+h’'<p—1. It will now be foul 


%, (y) _ IIs id 
that 28% —=(~1)e-m__"""1_ __ modp. For (1), if 2,4: 
(7) (—D “Om, tim m,”. (1), if p+, 


= (m, n, 0) or y(m, n), when there is no occasion to conside 


, (+1) 
< p—1, we have Om Gt), y) =~ Ty, mod p; (2) ifp,” 
: P+) Y (yy ", m, >”) 0}. im, P; (2) wp, | 
+m, > »—1, we have 7 re = 
P ¥(p—1l—-p, °,p—l—m >”) 
_W(p—1—p,.).0(p—1—m,“F”) _ Op,“ mod 
N2Qp—2—p%— mF) =a, n meri’ Ps 
since, by Sir J. Wilson’s theorem, fl (p—1—j) = -S > mod p, if j<p—li 


(3) if x +m,6+emap—1, we have 
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Tp, ft) 


(i+) __ 
(—1)'™™ me PRON, MACY mod p, 


because Mp, fm,“+ == (—1)'+*"“F, mod p, by Sir J. Wilson’s theorem, 
while Mp,“*=1, since p,“+=0: whence, multiplying and writing s, for 
y,©, we obtain the congruence written above. Let r represent any term of a 
system of residues prime to p—1; let the numbers m,,m,' . . . mp be deter- 
mined by the congruences m, ==m, r, mod (p—1), combined with the 
condition 0< m < p—lI; and let Mp+m + wee +m, Onan, (p—1)+2,, 
where again 0 <8, < p—1: we have for every value ofr an equation of the 


form x (8) =p x ace and a congruence of the form 
r 


4, (y) o—Kn IIs, 
—(_ ——_________., mod p. 
¥, (y) _ ( 1) ° Hm Tm’, Tim," see P 


Let x (0)mcA,+A,0+...+Az6*, +1 denoting the number of terms 
in a system of residues prime to p—1; let n, be the least of the numbers 
> «++ %_4,, and 7 the exponent of the highest power of p dividing 
A,, A,,...A,: then shall j=n,. For, first, if 7> n,, from the equation 


W, (0) xO 6, (6), in which the coefficients of the powers of @ are integral 


numbers, we infer the congruence ¥, (7) X07) @,(),mod p; but 17) 9, 
P P } 
mod p; therefore, ®, (y)==0, mod p, which is impossible. Secondly, if 
j <%,, writing A; for A,+p/4, and observing that ¥, (y) is prime to p, for 
every value of r, we find 
AS+A, 7 t+A, y7+.-. +Ae y — 0, mod pr, | 
for every value of r: but the determinant of this system is prime to p, there- 
fore A’, ==0, A,’=0, A’, =0, mod p*,—J, which is contrary to the hypo- 
thesis that j < n,, and that p/ is the highest power of p dividing A,, A,,.. 
Ax 
The application of these results leads to the following general theorems ; 
in the enunciations of which p is an uneven prime, and A a number not 
divisible by any square. 
-“Tf A=4m+3, p=An+1, and if we represent by a and 6 numbers less 
than A and prime to A, respectively satisfying the equations 


| (5)=1, (G =: —1, we have 


2b— Ze ; 
4p 4 =a't Ay 

“ Hi [Han] 
“If p=4An-+1, A being of any other linear form than 4m-+-3;, and if we 
represent by a and 5 numbers less than 4A and prime to 4A, respectively 


satisfying the equations (=)- +1, (=4)=-1 we have 


e==—(—1)4 
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25 — 3a 

B) [" ary 

( = 4 
=: —(—1)*}_ OO —=” 
° (-}) 2A [Han] 


In these formule the signs of summation extend to every value of a and } 
respectively ; and in the expression IT, [Tan] the exterior sign of multiphra- 
tion IT, extends to every value of a, while the interior sign is the factonal 
symbol, so that Tan=1.2.3...an. The number 3 is excluded from the 
first formula; the numbers 1 and 2 from the second. 

It will suffice to show how the first of these two theorems is to be demon- 
strated. For this purpose we consider the product MIF (6~™); taking », 
a'n, an, .. for m,, m,',... we find y (0)== — NF (@~™); because (as mr 
easily be proved) Ya==0, mod A, whence San =0, mod p—1l. We shall 
now show that x (0) is of the form AZo*"+ Bye". Actually multiplying te 
expressions F (0~*"), F (@~°"),.. . ., the coefficient, in the product, of any 
term such as 2* 9” is equal to the number N of the solutions of the smu- 
taneous congruences 

. Pty ty" 4+ . 2=k, mod p, ayt+a'y'+a"y"+....== —m, mod b 
If r is a number prime to A, and satisfying the equation x =+1, N wil 
not be changed, if we write rm, ra, ra’, .. . (or rather the least positive readues 
of those numbers, mod A) for m, a, a’. Hence, in x (0) all powers of § who 
exponents are of the form an have the same coefficient A’, and all powers of @ 
whose exponents are of the form bn have the same coefficient B’. Again, eai- 


sider a power of @ of which the exponent is of the form ain; 3 representing 4 
given divisor of A (other than 1 or A), and a representing any number les that 


4 and prime to ; ; all such powers of 6 will have the same coefficient. Fer 


é 
we can always find a number r prime to A, satisfying the equation (s)-4 


—_? 
? 


. A . 
and yet congruous, for the modulus 5, to any given number prime to; 


whence it follows that the number N will remain the same for all value of 
m included in the formula a3. But a sum of the form &, 0% is equal to+! 


or—1, according as the number of primes dividing . is even or uneven, be- 
A 


cause it is the sum of the primitive roots of the equation a* ==1. Thus, the 
function y (§) assumes the form A’Z6°" + B'z4°"+4C', whence, attending to the 


equation £%- 5¢°"=(—1)*, in which is the number of primes dividing | 


A, we find, as has been said, —IIF (@—*")=, (@)=AZ0+Bzr6e™. If ve 
write @~' for 6 in this equation, it becomes 


— fF (")=yx (67')= Axe" 4+ BEO™, since (=)= —1, (=)- +l. 
Multiplying the two equations together, and observing that 
F (9-°*) F (@°")=(—1)™ p=p, because n is even, we obtain 
Apt¥ol*) = [(—1)*(A+B)+(A—B) (Z0"—Z0")] 
x [(—1)* (A+B)+(A—B)(26"—Z6"")}, 
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or, since (£6%— 6"")?= — A*®, 
Apt¥o(4) =(A +B)’ +A (A—B)’, 

w, (A) representing the number of numbers less than A and prime to A. Wo 
have next to determine the highest power of p dividing A+B and A—B, or, 
which is the same thing, A and B. By the principles indicated above, we 
have | 

za 

, (8) 


Are" +Bir0"=p ¥.() 
1 


5) 
Axe” +Bre%=p° _=!*’, 
¥_, (4) 


Writing in these equations y for 0, and observing that the determinant 
(Zy*)’— = (y*)*t, as well as the four numbers %, (y),6_,(y),¥,(y),¥_1(y), 
is prime to p, we infer that the exponent of the highest power of p dividing 
A and B is the less of the two numbers =% =". Of these the former is the 


3 


a 


least; if therefore we write » and y for (—1) (A+B) p » and 
Ze w—Xe 


(A—B) p* respectively, our equation becomes 4p “ =27+Ay*. Also, 


® See Art. 96, ix. of this Report, or the note on Art. 104. 

+ Since 50°"+4 296n—(—1)' we have Sy°*+4+ 57'"*= (—1)A, mod p; and since 
£62" — SOdn)? = — A, we have (Zy*— Sy'")2= —A, mod p. Thus the two factors of the 
eterminant are each of them prime to p. 

The principle that any rational equation containing only powers of 9 and in num- 
bers ma be changed into a congracnce for the modulus », if y be written in it for 0, has 
alread employed in this article. Its truth is evident, if we observe that the irre- 
duci tion satisfied by 6, if considered as a congruence for the modulus 9, is satisfied 
by 7- This principle is of more general application than a similar one which has been 
already employed in Art. 61 of this Report ; but ite proof suppores the irreducibility of the 
equation of the primitive roots, which is not necessary to the proof of the principle of 
Art. 61. 

£5— Xa 


t 23— <a is certainly positive, because —{- is equal to the number of improperly 
primitive classes of the negative determinant —A. Or (as it is desirable to avoid making 


use of this result here) 25— a is positive because xvi (23 — Za) is the sum of the serics 


ie 2] 
i () :, the summation extending to every value of # prime to 4, and the terms being 
© 


taken in their natural order. This series is posilive, because the series ; (3) * pot 


which it is the limit, when p is diminished without limit, is certainly positive, being the reci- 
procal of the product n[ 1- (2) 7 +e | in which the sign of multiplication extends to 
every prime q not dividing A, and in which every factor is positive. The series 
2 (3); is one of those summed by Dirichlet in the memoir “ Recherches sur diverses 
® 
applications, &.” (Crelle, vol. xxi. p. 141 e¢ seq.) : for the case in which A isa prime, he 
had already summed it in the memoir on the Arithmetical Progreasion (Memoirs of the 
Academy of Berlin for 1837, p. 55). Cauchy (Mémoires de l’Académie des Sciences, vol. 
xvii. p. 673 et seq.) inverts Dirichlet’s process, and transforms sums of the form £/ (a) — 
=f (5) into infinite series. The transformation is effected by substituting for f(z), in the 
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= 1 
since e Ces —(—1)4 Il, [flan] we have 


_is _%4 be ~» 1 od 
Ap 42y°+Bp 4zZy = —(—1)* nT nany ™ P; 


2a Ze 
Ap *%/*4Bp 4S y= 0, mod p, whence by addition 
» 1 
t= —(—1) “Tal Hany’ mod p. 

If 4 is a prime, z also satisfies the congruence $7 == 1, mod A;; for the 
sum of the coefficients in any function y-(m, n) is== —1, mod p—1, and 
therefore mod A; whence the sum of coefficients in y (8) which is a product 
of an even number of such functions is =1, mod A; because the reduction 
of x (6) to the form AZ6*"-+ Br6™ is effected only by means of the equations 


A 
64120, aaa whereof the former does not alter the sum of the 


coefficients at all, and the latter alters them only by a multiple of A. Con- 
a 


sequently 4 (A—1) (A+B)=1, mod A, or, since pa =1, mod A, and 
(—1~=—1, §2=1, mod A. 

It will be observed that if A is of the form 8m+-7, whether A is a prime 
or not, # and y are necessarily even in the equation (A); whence, dividing 
by 4, we may put the equation in the form 


25— 2a 
? A ==" + Ay? 
z= —(—1) 441 _, modp. 
i” Il Man)’ 
Ex. Let A=7, p=7n+1; the values of aarel, 2,4; of 3, 3, 5, 6: hence 


13" w 
poet Ty! 2 — dT Tn Lida = Hn, ian’ MOP} Ste @ = lyme 
(Jacobi, Crelle, vol. ii. p. 69.) 

Whenever the exponent of p is 1, the formule (A) and (B) completely de- 
termine the value of x; when the exponent of p is 2, we can only be sure 


~1 
expression ; (5) f (2) =2/ (a)—Z/ (2), the equivalent infinite series 


1 4 g mae 4 Inq (x#—*) ; 
ry \; fe) ata aml f, 4 Te) ass 
whenoe, observing that 


So (e an MEF (3) va, ana (5) oon MEF=0 


. - m= 8 Qmew 
we obtain $ VA (f(a) —/(6))= = , (3){) «= aS (8) de; a formuls from which 
* == 
Dirichlet’s result is immediately deducible, by putting / (x) =2, and performing the inte 
grations. It is o remarkable fer: that the inequality Aha never been proved by 
elementary considerations, or without the use of infinite series (see the Memoir on the Anith- 
metical Progression, p. 57). If A is a prime, £)— a is certainly not sero, for 23+26 
‘even (because 4 is of the form 4s-+-8) ; but even this remark cannot be extended to the 
?in which A is composite. 7 S 
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that the absolute value of x is less than y, so that x is not completely deter- 
mined, but is either the least positive or the least negative residue of the 
binomial coefficient ; though in this case if A is a prime of the form 4n+3, 
the ambiguity may be removed by the congruence 4 x= 1, mod A. But 
when the exponent of p is > 2, w is never completely determined -by the 
congruence for the modulus p. 

It is very remarkable that the exponent of p in the formula (A) is pre- 
cisely the number of improperly primitive classes of determinant —A, and 
in the formula (B) is precisely the number of properly primitive classes of 
determinant —A*. | | 

Before Dirichlet’s discovery of the formule expressing the number of 
classes of quadratic forms of a given determinant, Jacobi, having succeeded 
in determining the exponent of p in the formula (A), for the case in which 
A is & prime number, was led with singular sagacity to conjecture that 


a must represent the number of improperly primitive classes of deter- 


* See Art. 104 of this Report. When A is of the form 4n-+-3, the two expressions given 
by Dirichlet for the number of properly primitive classes of determinant —A are 


(2-G)) @ =) and A—B, where A and B represent the numbers of residues infe- 


rior to 44, and satisfying the conditions (5) = +1 and (5) = —1 respectively, Hence 


zh— ka is the number of improperly primitive classes; because that number is equal to 


or is one-third of the number of properly primitive classes, according as A =7, or==9, 
mod 8 (see Art. 103 or 113). 

There is no difficulty in showing that Dirichlet’s two expressions are identical. If 
(2)- 1, the congruence 26'=6, mod A, is always resoluble; and if 5 receive in succession 


all positive values lees than 4 which sstisfy the condition ()=—1, 3° will obtain the 


b xd! i) 26' —5 


same values in a different order. Hence 2° =2 7 -ER=E ~~ But if '< 4A, 


25'—5=0; if b'> 4A, 26'—3=A, fe. zs =A, for there are A values of 5 greater than 3A. 


3b—Za 
A 
shown, if (2)=-1, by considering the congruences 25'-+-b==0, mod A, 2a'+a=0, 
2'+5 2a' +a 


gz 3Xa _ . 
mod A, that 3 =E—,— =2A+B and === =2B+A; whence 


Similarly zo =B, so that =A-—B. In precisely the same manner it may be 


g 2-24 ap. 
A 


Also the expression given in Art. 104 coincides with A—B. For that expression may be 
written in the form 
2 b—2a\ 2  (4—28' a’ b 
-G)3(*)-32C37)-2@-2G)-4-8 
a’ and 8’ representing numbers less than $4. 
— 2 
Tf we consider, as Cauchy has done, the product ee the exponent of p in the 


formula (A) will be A—B. That product is evidently equal to IIF(9—%), or to ae, 
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minant —A*. If h is the number of classes in the principal genus of impro- 

perly primitive forms of determinant —A, it follows from the theory of 

composition of quadratic forms that 2p* can always be represented primitively 

by the principal form in that genus, 7. ¢. by the form (2, 1, +oF*) and that 

the exponent of the lowest power of p which is capable of such representa- 
tion is either A or a submultiple of h. Again, the equation 

2b—Xa 
4p 4 e=z'+Ay’, if we write in it 2X+Y for x, and Y for y, becomes 
aie A+1 
2p * =(2,1,—9—) (%, Y)’, the values of X and Y being integral. 


Assuming, then, that there exist primes of the linear form nA +-1, the doubles 
of which are capable of representation by a class appertaining to the exponent 
h (an assumption which implies that —A is not an irregular determinant, 
at least in respect of its improperly primitive classes), we see that in the case 
in which A is a prime of the form 4n+3, and in which therefore there is but 


2b— Ea oust be equal either to the 


number of improperly primitive classes, or toa multiple of that number; 
and as Jacobi found, upon a sufficient induction, that A was always equal to 
2b— 2a he did not scraple to enunciate the theorem as true. We knor, 
however, from an account which Dirichlet has given of a communication 
made to him by Jacobi, that Jacobi never obtained a demonstration of the 
theorem; and, indeed, it would seem probable, as has been observed by Di- 
richlet, that its demonstration requires other principles (Crelle, vol. lii. p. 206. 
It is hardly necessary to add that when there is more than one genus ¢f 
forms of determinant —A, ?. ¢. in every case except when A is a prime of 
the form 4n+3, the exponent of p in the formule (A) and (B) is always a 
multiple of the least exponent for which those formulz can be satisfied. 
122. Extension of the preceding Theory by Exsenstein.—In the theory of 
which an account has been given in the last article, the prime number p i 
throughout supposed of the linear form nA+1 or 4nA+4-1; thus in the equs- 
tions p=2*+7y’, p=2°-+8y’, we have supposed p te be of the forms 7n+1 
and 8n-+1 respectively. But we know that some power of every prime of 
which —A is a quadratic residue is capable of representation by the form 
2*+Ay?; and, in particular, that primes of the form 8n+3 are capable of 
representation by 27+ 2y’, and primes of either of the forms 7n +2 or in+4 


one genus of improperly primitive forms, 


scoording as (2)=+1 or =~1; © result which is in aooordance with the equatim 


2» \(25— a) 

A-B= (2 G)) a 
In the formula (B), the exponent of p, obtained by the consideration of the same prv- 
duct, is A'—B! =2xX (2o— Ea) ; A’ and B’ denoting respectively the numbers of residue’ 


of the classes a and 5 respectively, which are inferior to 2A. 

* Crelle, vol. ix. p. 189. Jacobi counts the classes of the prime determinant — A on the 
principle of Legendre, not distinguishing opposite classes from one another. If 2 is the 
number of improperly primitive classes so counted, we have h=2n—1, because there is but 
one im rly primitive ambiguous class. When A is of the form 8+7, Jacobi enut- 
ciates the theorem with reference to the number of properly primitive classes, which in th 
case is equal to the number of improperly primitive classes. 
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by a*+7y’. M. Stern found by induction that the value of # in the equation 
p=8n+3=a7 + 2y’ 
satisfies the congruences 


c=— _ , mod p, x ==(—1)*, mod 4 *; 
and Eisenstein succeeded in demonstrating this theorem, as well as the two 


followingt :— 


6s If p= n+ 2=2°+7y’, 


_1 IIsn . -— mw 9 
© = 5 aan’ modp; v==3, mod 7; 
“Tf p= 7n+4=274+7y’, 
ral T13n+1 , mod p; wo==2, mod 7.” 


2 lin. D2n+1 

These demonstrations are obtained by expressing the prime number p as 
the product of two complex factors, composed of 8th or 7th roots of unity. 
Bat the decomposition of » is no longer supplied by the formula of Art. 30; 
nor are the complex factors included in the definition of tho functions y, 
which have been considered in Art. 30 and in the last Article. 

If p=8n-+3 is a real prime, p is also a prime in the theory of complex num- 
bers of the form a+:; let y be a primitive rout of p in that theory, and let 
vy! =1+ iz, mod p, z representing one of the real integers, 0, 1,..p—1. Also 
let ¥(w)= Zw, w denoting a primitive 8th root of unity, and the summa- 
tion extending to every value of y. Eisenstein establishes the equations 
Y(w)L(o7 =p, f(e)= wo"); whence {(w) is of the form A+B(1+i)u, 
and p=(w)y{w—!)=A2+2B*. To find the residue of A, mod p, let 

ex=}(p?—1)=3n+1+ np; 
and write successively 7 and * for w in the function yw). We find 
YA") m2 Dy 8 = I(1 + iz)? = (1 + 1z)*+1(1 —iz)*, mod p, 
because in general (a-+8:)P==(a—bt), mod p. In this expression no power 
of z has an exponent divisible by p—1; but 2f=?~'=”=0, mod p, unless 6 is 
different from zero, and is a multiple of p—1; therefore (*)=0, mod p. 
Again, because 5¢=7n+2+(5n+1)p, b(y™%) = W1+2)'*t? (1—2i)*+}, 
mod p; in this expression the coefficient C of z?—! is 
z,(—1)'+*" ais in¢2 Nn 1 
pllin+2—p Ty in+1—p 

where y+ p’==p—1, and the summation extends from p.=3n-+-1 to p=7n+ 2. 
Wniting 3n+1+-» for p, 5n-+1—y» for p’, and observing that 

Ip. Wy'=(—1)"**, mod p, 
we find 
C xz yrnint O7n+2.ndn+1 __7n+2. Mdn-+1 ye rsint I4n+1 
wed H4n+1l—».yv ~~ O4n+1 v=0 8». 4n+1l—y 
—Win+2.05n4+1 4; W4n+l1 
= Hin+1 x 2° ~ Tin. D3an+1’ mod p, 


* Crelle, vol. xxxii. p. 89. We enunciate the latter part of the theorem in the form in 
which it has been given by Eisenstein. ; 
+ Crelle, vol. xxxvii. p. 97. 
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observing that 2“*' <= —1, mod p, and transforming each of the three fac- 
torials by Sir J. Wilson’s theorem. Hence, finally, 


_1 1 —_ la_1 U4n41 
As5 Mr)+ su =—5C=— 3 tne’ OP 
in accordance with the enunciation of M. Stern. The congruence A =(—1)*, 
mod 4, is inferred by Eisenstein from the values of ¥{1), 1( —1), Ki), K—1): 
but we may omit these determinations here. 

If p=7n+2, or 7n+4, Eisenstein considers the complex numbers formed 
with the roots of the equation n°—2]1,—7=0. If w is an imaginary seventh 
root of unity, and », =3(w*-+w—*)+ 1, the roots of this equation are y,, 9) %) 
and every complex number formed with them is of the type a+6n,+, 
a, b, ¢ denoting real integral numbers. Let y be a primitive root of pi 
this complex theory (p is a prime of the theory, because the congruence 
n’—21n—7 = 0, mod 9, is irresoluble: see Art. 44 of this Report), and let 
y! = 1+2,n,+2,n,, mod p, z, and z, each representing any term of the series 
0,1, 2,..p—l1. e function (w)= Ze’ (the summation extending to all 
the p’ values of y) is shown by Eisenstein to satisfy the equations 

YM=Kw)=H(w'), YWo')=p(w')=w*), Yw)x p(w!) =p; 
whence v¥(w) is of the form a+6(w+w?+w‘) +¢(o* + 0° +), and 
p=A?+7B?; ifA=a—}(b+c), B=4(b—c). The equation p?=a+3b+%, 
considered as a congruence, mod 7, becomes A==p’, mod 7; #.¢. A=4, 
or = 2, mod 7, according as p is of the form 7n+2 or 7n+4. To obtain 
the congruence, mod p, which is satisfied by A, we consider the congruence 
2A = (7°) +4( 7”), mod p; in which e=}(p’—1)=a+ p+ yp’, a hy 
representing positive integers less than p, of which the sum will be found to 
bep—1. Now ((y)=2ya= Da b> (1+2,9, +2,n,)* x (1 +2,9,+21,) 
X (1+2,n'-+2,79,.)”, mod p,; because in general [ f(n,)]? =/(np), mod p. 
Hence Wy) =06, mod p, because a+fB+y=p—I1, and _becanse 
>i wt at z,%.== 0, mod p, unless 0, and 6, are both different from zen, 
and both divisible by p—1. Again, if 3e=a'+f'p+y'p’, we find 
a' + B'+y'=2(p—1); and omitting terms in which the sum of the indice 
of z, and z, is inferior to 2( p—1), 


1 p—1 ' 
v(y*) = > X (2,7, +2,n,) (2, +2sMy,)” (292+ 2sMgps) > mod p. 
Substituting for 2,Npa+2,Nogs its Value —z,9, —Z,7,—2,Np—Z, Nap, WE obtain 


3 
P(y*)=Nea’. 11'.Wy' 3 . 2 (zn, +2,n,)? * (Z:2p+2,05,)" 3 mod p: 
because every such sum as > i > al (2,1, +2)” T° (2, mp +2.n)" in 


which Gis one of the numbers 1, 2, 3,..p—1, taken positively or negatively. 
is certainly =0, mod p, as may be seen by substituting (z,n,+z,,) {0 


(z,n, +2,7,)?. Lastly, the coefficient C of (z,z,)?—! in the expression 2° y 
(z, m+ zn) (z, Np +2, Nay) 18 evidently a 5 —t RK’, ( , ap)" (n, 1)" 


K,, representing the coefficient of ax in the expansion of (1+42)?—', Hence 
C= (nng)— 1,7,” = 1, mod p, because mn,—usnp= +21 ; a0 that finally 


A= 4Mla’.T1p'. My’ se" SP! (zz, ' = fla’. 1p". My’, mod p; 
an expression which, on substituting for a’, B', y' their values in the two 
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cases pau7n+2, pan 7n-+4, will be found to coincide with the formule given. 
by Eisenstein. . 

There can be no doubt that the principles of this method are capable of 
many other applications; but nothing has as yet been added to these researches 
of Eisenstein. _— | 

123. Applications of Continued Fractions to the Theory of Quadratic Forms. 
—Representations of a number by quadratic forms are in certain cases dedu- 
cible from the development of its square root in a continued fraction. If A 


is any number not a square, vot vA the (n-+1)th complete quotient in the 


development of /A,£* the convergent fraction immediately preceding that 


da 

complete quotient, so that p*,—Aq’,=(—1)*D,, the form (q’,, —pn, A), of 
which the determinant is (—1)*D,, is either properly or improperly primitive, 
and belongs in either case to the principal genus of its order. If we investi- 
gate the transformation by which this form is reduced to the simplest form in 
‘its class, we shall obtain, by an operation exempt from all tentative processes, 
a representation of A by thatsimplestform. The following proposition, how- 
ever, supplies a method by which, when g, is uneven, and (q*x, —~, A) 
belongs to the principal class of properly primitive forms, or when gq is even, 
and (4¢°,, —pPa, 2A) belongs to the principal class of improperly primitive 
forms, we can frequently infer from the development of »/ A itself the solu- 
tion of the equations 


X*_(—1,D,Y'=xA, 2XK*4+2XY+ t+ (cippt =A. 


“If (a, 6, c), (a’, b', c’) are two primitive forms of the determinants D 
and D’, whose joint invariant ac’ —2bb'-+-ca’ is zero, and if m and m’ are the 
greatest common divisors of a, 26, c; a’, 2b’, c'; m*D’ and m"D are respect- 
ively capable of primitive representation by the duplicates of (a, 4, c) and 
a’, b’, c').” 

Thus if (a’, 6’, c’) is properly primitive and ambiguous, D can be repre- 
sented primitively by (1, 0, —D’); if (a’, 8’, c’) is improperly primitive and 
ambiguous, 2D can be represemted by (2, 1, 3 . For (a,6,c)and (a’,6',c’) 


let us take (1, 0, —A) and (qs, —pna, YxA), Whose joint invariant is zero, and 
of which the first is properly primitive ; while the.second is properly or im- 
properly primitive according as g, is uneven or even, and has for ita duplicate 
in the former case (q7,, —Px, A), in the latter 2 x (4q°., —px, 2A): 80 that 
it is ambiguous in both cases alike. Further, let us represent by (e,, —8,, €s—1) 
the form into which (¢,, —p,, ¢xA) is transformed by q ”? q - 
from the property of the invariants, the equations : 
(—1)*t?D =¢,¢,:—0",, e,-1 D, —28, J,—e, D,_, =. 

Let us first suppose that n is uneven, so that (—1)*D, is a negative deter- 

minant which we shall call —A; since 
In Int —~2Pyity + JnAy*) = (Gut —Pay) + Ay’, 

it is evident that when q,7°—2p,ry+q,Ay’ attains its minimum value, 


;* & convergent to ak not, we may add, the last convergent, if the last 


; we infer, 


integral quotient in the development off is unity. If therefore (¢,, —Dz, 
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gnA) is properly primitive and of the principal class, we shall have, for some 
value of s, e,=1; whence 
D,_;= —28,J,+e—-:D,, and A=J*?,+D,D,_,=(J,—38,D,)’?+ AD’,. 


If (Ga, —Pn> QnA) is improperly primitive, and of the principal class of its 
order, we shall have for some value of 8, e,=2, D,_,:=—6,J,++6¢_,D,, 


24=2(I, _ “5=D,) +2(J,— o, ze St! 


ge 
We may therefore enunciate the theorem: “If 2* is an inferior convergent 


to / A, and A=q’,A—p*,; when (qn, —Pa, QnA) is of the principal class of 
forms of determinant —A, A is of the form X?+ AY’, and Y is the denomi- 
nator of a complete quotient in the development off A; when (qn, —pPa, YaA) 
is of the principal class of improperly primitive forms of determinant —.A, 


A is of the form 2X?42XY + at 1 y2 and Y is the denominator of a com- 


plete quotient in the development of / A.” 

When (gn, —Pn, QnA) is ambiguous and properly primitive, but of some 
other class than the principal class, we must distinguish between two cases, 
that in which the reduced form equivalent to (qn, —Px, QnA) is itself an am- 
biguous form, and that in which it is of the type (a, 6,a). In the former 
case we shall arrive at a form (e,, —3,) es—1), in which « » being the least 
number which can be represented by (qa, —Pa, QnA), is a divisor of 2¢,, and 
consequently of D, and 2A; and we shall find 


A= (5-2, =)’ +4 2%, 
Ee, Es 


In the latter case we shall, in the series of forms (e,, —6é,, e,—1), arrive at 4 
sequence of one or other ‘of the three types: (1), (2[a—b], —[a—B!, a), 
(a,a—b, 2fa—b]); (2), (a, —[a—6], 2la—6)), (a, b, a); (3), (a, —5, a), 
(2[a— bi], a—b, a); %. ¢. we shall arrive at a form in which e¢, is the least 
number but one, which can be represented by (qn, —Pa, QnA), and is a divisor 
of D, and 2A; we shall then find 


(1) A=(,—$D,)' +455, 
(2) A=(Io41+4D,) + 45! 
(3) A=(J,+4D, a5 


Similar results may be enunciated for the case in which (qa, —Pus aA) is 
improperly primitive and ambiguous, but not of the principal 

In applying the preceding formule to particular cases, the following 
theorem of Goepel’s is very useful. Since 


€o= Fup — 2a Poet AMT os — 3,=9,P, Prt — Pal PYe—1 + Pe—19,) + A9,9,9-1; 
we find, if py, is the integral quotient immediately succeeding Pe that 


8.4126, He, Hence é,, 3,... form a continually decreasing series. But 
8, =Pn is positive, and Sa Age is negative; there exists, therefore, a 
pair of consecutive terms 3, and 3,1, of which the former is positive, or zero, 
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and the second negative; Goepel shows that —3,3,,,< A. For we find 
J,02—1 + Jo—18, = (—1)°(Y, Pe-1 —P up Yo—1)> 9,8, + Ge—1€,2=(— 1 *(9, P,— 4 9,)5 


2. €. 

Ye Co—1 + Jo—1 ae _ 1 . 

Pet Pa Het Pe+1 Feed 

whence 

J, @e—1 $9,_, 8, > 1(%,8,+Ge—1 €,)3 
or multiplying by e,, 

Aq, > —6, Se41 qa, Oo41 Yem1> 
that is, A> —¢,¢,41, becanse é,,; is negative. 

Thus if A==1, we have necessarily 3,220; whence e,aze,,;221, D,.,=D,, 

A=J",+D’*,. If A=2, we have either 


(1) 820, ew 1=2, e=l, D,1.=2D, A=J,4+2D*,; 
or (2) d,=x0, e,-,=1, e=2, D,=2D,-,, A=J*,4+2D*,..;; 
or (3) d==1, é4:=2—1, pex=2, e,=1, Cp 1 2 0541229 | 


D,1=3D,—2J,, A=(J,—D,)°+2D*,=(J.41—D,)? + 2D". 
If A=3, we have either 
(1) de==0, e—1=3, e=1, D,-:=8D,, A=J",+3D*,; 
or (2) é,=0, e-.=1, ¢,=3, D,=3D,_,, A =J*,+3D*,-1; 
or (3) 8=1, 34:=—2, p,=3; e,=1, e,—, =4, D,_, =4D,—2J, 
=(J,— .)' +3D"*,; 


or (4) 8,222, é4:m—1, p=, e,=1, €o4., 224, D412 4D, — 241, 
A= (J,41—D,)*+3D*, > 
or (5) Gael, S.4;20—1, pez2, emel, eg mt ee41 m4, 


D,-,=4D,—2J,, A=(J,—D,)°+3D*, ; 
or (8) é,=1, d4:22 —1, p=, @, ME Og 1 =P Oy HEL | D,-1=D,—JI,= 541 
D.4:=D,— 412d, A=J*,—D,J,+D',= eti—D, Jogi +D",; 


the last case occurring always and only when q, is even. If A=7, andifwe 
suppose g,, even, 80 that (7, —p,, nA) is improperly primitive, we shall cer- 
tainly arrive at a form (e,, —0,, ¢,—1), in which 3,=2+1, and either e,=2, 
e,—,==4, or vice versed e,.\=:2, esum4; go that there are four cases 


(1, 2) +J,=2D,_,—-D, A=J*.55,D,-1+2D%-1, 
(3, 4) +J,—2D,—D,-., A=J*,£J5,D,+2D%1. 


Let us next suppose that n is even, so that (—1)*D, = A is a positive deter- 
minant. Then it is evident 3, 3,... are all positive, for 


ae — (9nP.—P no) InPo— ~PrQe— ») + 4q4,9,- 1? 
of which both parts are positive. Again, the numbers ¢,, e,... forma conti- 
nually decreasing series ; for qnes=(aPs—Pns) —Agq’s; of which the positive 
part continually decreases, and the negative increases in absolute magnitude. 
But e,=q,, and e,=—Ag,; there exists, therefore, a term e,_; which is posi- 
tive, while the following term e, is negative; whence 3*,=A-+ sete <A. 
1863. E 
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Thus if Az=2, we shall have 3,=1, e,.;=1, es=—1, 23,<D,4+D,-,, 
A=(J,+D,)*—2D*,=(J,+D,_,)’—2D*,_,. If A=3, we shall have either 
(1) &==1, ¢,=1, e,=—2, 23,=D,+2D,-1, A=(I.4+D,_-1)°—3D*,_15 oF 
(2) &=1, ¢1=2, ¢«=—l, 2J,==2D,+D, —l) A=(J,+D,)’—3D",. 

If a is the integral number immediately inferior to ,/ A, the period of inte- 
gral quotients in the development of »/ A is of the type 

Bir Pesss + PE—1> b, Pk—ls Pk—49) 0 + + fy 2a ; 

and it is sometimes possible to assign @ priort the value of D,, the denomina- 
tor of the complete quotient corresponding to 6; for that denominator is always 
a divisor of 2A, and is besides <2,/A. Thus if A is a prime, D,=1 or 2; 
if 4A is a prime, D,=1, 2, or 4. Hence if A or 4A is a prime of the form 
4n+1, (—1)*D,=—1; for the equations 2°—Ay?=+2, = +4 are impos- 
sible on the supposition that z and y are relatively prime, and the equation 
«’—Ay’=1 is imadmissible, because 6 is not the last quotient of a period. 
Similarly if A or 4A is a prime of the form 4m+3, (—1)*D,=2 or —2. 
according as the prime is of the form 8m+-7 or 8m+3; if $A is a prime of 
the form 4m +3, (—1)*D,= +3 or —3, according as the prime is of the form 
12m-+11 or 12m+7; and, in general, if \ and ~ are each of them primes of 
the form 4n+43, and if 2\<./A, (—1)*D,;=\), or —2, according as XQ is or 
is not a quadratic residue of = We thus obtain a direct method for the repre- 


sentation of primes of the forms 4m+1, 8m+3, 8m-+7, or the doubles of 
such primes, by the forms 2*+y’, 2*°+2y’, 2*—2y*: when A is a prime of 


the form 12m +7, the developments of a/ 4 and 2 / - will give represen- 


tations of 8\ by the forms 2*°—ay+y’, 2*43y*: when A is a prime of one of 
the forms, 28m +11, 28m +415, 28m +423, the development of /* will give 


7 
a representation of 7A by the form 2°—a#y-+2y’, &. 

e theorem relating to primes of the form 4n-+1 is very celebrated ; it 
was established independently by Gauss and Legendre, and it no doubt sug- 
gested the researches of Goepel in his doctoral dissertation ‘ De quibusdam 
sequationibus indeterminatis secundi Gradis’ (Crelle, vol. xlv. pp. 1-13). 
Goepel confined his investigation to the case D,=2, though his method. 
which in the main is that here described, is of a much more general cha- 
racter. The theorems relating to the case A=—3 were first given by M. 
Stern, who employs Goepel’s method with very little modification (Crelle, 
vol, liti. pp. 87-98). A paper by M. Hermite, which appeared in Crelle’s 
Journal (vol. xlv. p. 191) prior to the republication there of Goepel’s disserta- 
tion, contains a method (see pp. 211-213) which is very similar to that of 
Goepel, but which does not connect itself so readily with the common theory 
of continued fractions. In these researches of M. Hermite the invariant 
ac’ —2bb' +-a'c appears explicitly ; which is not the case in Goepel’s paper. 
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MATHEMATICS. 


Address of the President, Professor W. J. Macquorn Rawxtne, F.2.S. 


Tue President, on taking the chair, said that the quantity of business before 
the Section was so t that the utmost economy of time would be necessary in 
order to dispatch that business in a satisfactory manner. For that reason the 
Committee had instructed him to recommend to the Section the observance of the 
following rules in conducting discussions :—That immediately after the reading of 
any paper, members should put such questions to the author as they might con- 
sider desirable for the purpose of making clear the meaning of the paper; that the 
author should answer froze questions one by one; that after all the questions had 
been answered, such members as chose to e remarks on the subject of the paper 
should address the Section, each member being at liberty to speak once only on one 
paper; and that after all those remarks had been made, the author should reply to 
the whole discussion in one address. He trusted that the members of the Section 
would approve of the rules recommended by the Committee, and would support 
him in taking care that those rules should, as far as practicable, be observed. 


On a certain Class of Mathematical Symbols, 
By W.H. L. Russert, 4.B., F.R.S. 


In general, a mathematical symbol acting on a function of a variable gives rise to 
another function of that variable. Thus £ ST (2), Af (2), SI dr f(z), and many other 


expressions, are all functions of (z). But there are certain symbols which, in their 
action on a function of a variable, produce expressions which, from their essential 
nature, are independent of that variable. Such is the symbol used by Cauchy in his 
‘ Exercices’ to denote the aggregate result obtained by multiplying a function 
of (x) successively by those simple factors which, equated to zero, make it infinite, 
and then substituting for z) the values obtained by equating those factors to zero. 
Such also is the symbol 6 used by Professor Boole in his researches on the com- 
paricon. of transcendents, denoting the result obtained by subtracting ™ the 


. 
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result derived by Cauchy’s symbol just mentioned the coefficient of in the ex- 
pansion of the given function in descending powers of (z). Now let 
F (2, ¥» 2, oY, 2) denote any function of #, y, and its differential cocfi- 
cients, This is sometimes written F(a, y, ¥,, ¥.--. Ya). Now there are m- 
vestigations in which we require the value of - where yx is put equal to rer 


* 
after the differentiation is performed. The writer has found a symbol such # 
Z™ to denote this, of great utility in the treatment of differential equations; snd it 
will be observed that it belongs to the second class of symbols here mentioned. 


On the Quantity and Centre of Gravity of Figures given in Perspectwe, 0 
Homography. By Professor Syivester, F.2.S. 


In the first instance, the author showed how to find the point in the erepecti 
representation of a plane figure into which the centre of gravity of such figurr 
projected. For this purpose it is only necessary to be furnished with the directica 
of the vanishing-line corresponding to the plane of the object put into perspectite. 
The rule for finding the point in question is the following: every element of the 
picture is to be charged with a density equal to the inverse fourth power of 1 

istance from the vanishing-line; the centre of pravi of the figure so chanel 
will he the point required, and may of course be found by the rules of the integnl 

culus. 

Next, as to the area of the unknown object. To determine this another detuz 
(but only one other) is required besides the direction of the vanishing-line, whit 
may be termed the constant of perspective, being determined when the position of 
the eye and that of the object-plane in reference to the picture are given. Thi 
constant is the product of the eye’s distance from the vanishing-line into the squst 
of the distance of the intersections of the object- and picture-planes from the sm 
line. If now every element of the picture be ch with a density equal to t 
constant of perspective divided by the cube of the element’s distance from th? 
vanishing-line, the mass of the figures so charged will be the area of the unknow 
object-figure, 

e author then proceeded to show how the area and the perspective centr, 7 
aid of the preceding principles, admit of being reduced to depend on one sing 
integral, closely analogous to the potential used in the theory of attractions to wha 
he gives the name of polar potential. The polar potential of a plane figure ® 
respect to a given line is defined to be the sum of the quotients of the elements by 
their respettive distances from the line, and consequently the polar potential of th 
picture in respect to a vanishing-line in its plane becomes a function of the tt 
parameters by which its position may be determined. The parameters which t 
author finds most convenient to employ are the distance of the vanishing-line fos 
an arbitrary fixed point in the picture and the angle which it makes with s ire 
line therein. 

The author then supplied the formule (which are of a very simple character) i 
calculating the area of the object and the coordinates of its perspective centre / 
gravity, by means of differentiation processes performed upon the poler potential 
the picture treated as a function of these parametera, He afterwards proceeded 
extend the same method to figures, plane or solid, connected by the more gene? 
relation known under the name of homography, of which the relation betre= 
figures generated through the medium of perspective is only a particular kind h 

e case of a solid figure, its polar Potential in respect to a variable plane becom 
a function of three parameters; and by means of differentiations performed upet 
in respect to these parameters, the content and the coordinates of the point 
responding homographically to the centre of gravity of a solid figure may be & 
pressed when its homograph and the position of 4 plane corresponding to the 
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points at infinity in the otherwise unknown fi are given in addition (as regards 
e content) to a certain constant termed the homographic determinant. 

Professor Rankine threw out 8 suggestion as to the possibility of a practical 
application of the preceding theory to the stability of structures standing to each 
other in a certain simple relation of homography. 


On the Conditions of the Resolvability of Homogeneous Algebraical Polynomials 
into Factors. By J.J. WALKER. 

In this communication a commencement was made of a systematic investigation 
of the conditions of resolvability of homogeneous polynomials of # variables into 
factors, and it was ahown that in the case of the polynomial of the second de 
the conditions are that every n—Srd “msnor”’ of a symmetrical determinant, whose 
constituents are the coefficients of the polynomial, should vanish. It was also 
shown that the coefficients of the factors are roots of certain quadratic equations, 
and the general theory was illustrated by geometrical applications, 


ASTRONOMY. 


On the Augmentation of the Apparent Diameter of a Body by its Atmospheric 
Refraction. By SrerHen ALEXANDER. 

Professor Challis, in the Report of the Association for 1862, stated that there 
would be reason to expect, in a solar eclipse, that a slender band of the sun’s disk 
immediately contiguous to the moon’s border would be somewhat brighter than the 
other parts, and advised that especial attention should be directed to this point on 
the next occurrence of a solar eclipse. 

The phenomenon thus ingeniously shown by Professor Challis to be in place Aas 
itself been ly observed. 

The author first noticed it in February 1831, at Berlin, Maryland, during the 
progress of the annular eclipse (Transactions of the Albany Institute, vol. ii. p. 85). 

t 1s mentioned in his notes as having been seen “during the first hour of the 
eclipse, with (at one time and another) different telescopes and screen glasses of 
“F "han, alimoct v h h th ), bee by him 

t has, almost without exception (perhaps with no exception), been seen by hi 
in some seven or eight solar coli Penick be has since Gheerved. Special atten- 
tion was directed to ita observation in this country in 1854; and ite o tion is 
recorded by Profs. Frazer and Kendall at Philadelphia in that year (Proc. of Amer. 
Phil. Soc. vol. vi. p. 41), also among his own observations of that eclipse at 
Ogdensburg, New York ‘Astronomical Journal, No. 75, p. 17). See also his 
Report of Observations in Labrador, July 1860, made to the Superintendent of the 
Un'ted States Survey (Report of the Superintendent for 1860, Appendix 21). 
The daguerreotype impressions of the eclipse of 1854 (taken in New York) 
distinctly show the narrow bright band ; and it can also be seen in the pho 
phic impressions taken in J fy 1860, in Labrador. A careful inspection will, he 
presumes, reveal it in the instance of any good hotographic impression of 
the partially eclipsed sun ; especially where the dark limb of the moon is 
jected on a part of the sun’s disk sufficiently near to the border of the same. ) 
phenomenon is thus the most conspicuous when the eclipse is quite small or when 
it is very large. 


On the Selenographical Relations between the Chain of Lunar Mountains the 
Alps with the Mare Imbrium and the Mare Frigoris. By W. BR. Brut, 
FR.AS. Communicated by Dr. Luz, RS. 

The mountains on the lunar surface known as the Alps extend from the Caucasian 
range bordering the N.E. portion of the Mare Serenitatis to the dark-floored crater 

Plato, prosching nearly to the summit of its weatern rim. From the Ceecasian 
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range to a point not very far west of Plato, the S.E. aspect of the Alps border 

the Mare Tabrium is precipitous—in this respect resembling most of t terest 
chains of mountains bordering lange oceans; and the mountains are much closer 
together and more chain-like than in the area towards the Mare Frigoris, wher 
they are more or less detached the one from the other. A large extent of suriace, 


presenting a great variety of character—mountainous, d, pierced with nume- 
rous craters, rising into an elevated crest, sometimes s ing out into considerable 


breadth, at others contracted to a narrow, neck-like kind of isthmus—extenda from 
the Caucasus to the promonto La Place, which is the western jutting-point of the 
rugged and mountainous border of the Sinus Iridum. The western part of this 
land is occupied by the Alps. The middle exhibits a decidedly nisi 
character, in which Plato appears to have been “sunk.” This walled plain is con- 
paratively shallow. The eastern part of the tract above described is lower, an 
ierced with numerous craters, especially the portion immediately eastwarl o 
lato ; the largest crater (very much smaller indeed than Plato) being a conspicuoz 
object under the morning and evening illuminations. The smooth surface of t 
Mare Imbrium comes closely up to the tract above described ; and at some litt: 
distance from the border several isolated mountains, soft ridges, and small craten 
are scattered here and there on the surface of the Mare, which are congpicuw 
objects under every aspect of illumination. The immediate object of this paper ¥ 
to solicit the attention of astronomers to a continuation of the Alps on the northen 
side of the Mare Frigoris. The Alps, as laid down on our lunar maps, do not extend 
beyond the bright ground N. and N.W. of Plate. The boundary common to thi 
bright ground and the Mare Frigoris is exceedingly well defined: the contre 
between the superior brilliancy of the one and the dark grey surface of the oth: 
is very marked. The bright ground, which is of the rugged character abot 
mentioned, gradually rises from the Mare Frigoris to the summit of the ring 
Plato ; and the same is observable of the ascent on the south side from the surat 
of the Mare Imbrium, with the exception of the slight depression of the site of th 
ancient crater Newton (Sehriter). the Monthly Notices of the Royal Astra 
mical Society for May 1863, I described 8 remarkably dark border common to & 
Mare Imbrium, the Alps, and a bright portion extending from them to the south¢ 
Plato. Since writing that paper I have ascertained that this dark border isimt 
spective of any hypsometrical affections, in this respect resembling grestly 
bright rays extending from the various ray-centres on the moon’s suriace, ¥. 
alike cross every variety of depression and elevation. Under an early illuminatios,! 
soft and slightly elevated ridge, casting a well-defined shadow, is seen extending fra 
s crater, Piazzi Smyth (which is some distance 8. W. of Plato), to the amall group @ 
mountains of which i, at the foot of the Hartwell Mountains, is the principal. Te 
slight elevation of this ridge above the general surface of the Mare Imbrium a4 
continuity between Piazzi Smyth and Filato are well seen under both the mom 
and evening illuminations. e visibility of this ridge is fugitive; it disepp3" 
entirely under even a moderately high sun, and then the dark border, which is 00 
manifested under an advanced stage of illumination, crosses it uninterripi 
The dark border greatly resembles, although in an opposite sense, the broad ligt: 
mark crossing Geminus under the mid-day illumination, which is described in ®Y 
paper presented to the British Association in 1859. Thave been somewhat per 
ticular in describing the independence of this dark border and any hy metric! 
affections, as several patches of a similar kind are observed on the surface of the 
Mare Frigoris, especially near the centre. I have not yet detected much, if #* 
variation of level on the surface of the Mare Frigoris north of Plato, except 6 f 
of an exceedingly well-marked character, not far from the opposite or norti? 
border of the Mare Frigoris, This fault clearly indicates a well-marked differe=™ 
of level between the southern part of the Mare Frigoris adjoining the bright grou 
north of Plato and the northern portion. It is in this immediate nei ‘bout: 
that the northern boundary of the Mare Frigoris is exceedingly ru and rox. 
running into several promontor’es which extend towards Plato; and thes f* 
montories, combined with the fault above alluded to, clearly indicate s supe™ 
level for the land extending between Timmus and Fontenelle north of the ¥ 
Frigoris, Shortly after sunrise, and a little before sunset, this high land is seen to 
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a continuation of the direction of the Alps. As before remarked, the Alpine chain 
is most perfect in the neighbourhood of the Mare Imbrium, viz. from a little 
north of Cassini to the west extremity of a bright portion of land extending from 
it to Plato—the chain being indented by the wedge-shaped valley ; the portion of 
bright land has but few mountains on it, and a few craters have been opened upon 
it. North of this portion of bright land, several detached mountains are scattered 
over the surface, interspersed with but few craters; and this territory may be 
regarded as the continuation of the Alpine Mountains, as far as the southern 
poundary of the Mare Frigoris, by two well-marked groups of mountains west of 
Plato, the chain-like character and general direction being confined to the higher 
peaks bordering the Mare Imbrium. “ Between this interesting group of rugged 
and mountainous land and the Alps, the Mare Frigoris intervenes at a lower level. 
The ‘ fault’ before alluded to clearly indicates a sinking down of a portion of the 
surface of the Mare hereabouts, which is not only narrower than any other, but 
especially interesting from its being crossed by certain lucid streaks from the rayed 
crater Anaxagoras, which are more or less coincident with the promontories above 
mentioned.” The strait-like character of this portion of the Mare Frigoris, the 
existence of considerable mountain masses on each side, the well-marked depression 
of the Mare below the group of mountains on the north, and the ascent on the south 
towards the rim of Plato strongly indicate the valley-like character of this part of 
the Mare Frigoris, and also that the group of mountains on the north may with 
great probability be regarded as a continuation of the great Alpine group on the 
south, a portion of the chain having been depressed when the valley of the Mare 
was produced. 


On the relative Distances of the Planets from the Sun. By R. 8. Browne. 

The communication consisted of a new series of numbers which more closely 
approximate to the known distances of the planets from the sun than do those 
suggested by Bode, as shown in the following Table :— 


1 4 | 4 4 
2 4+3 7 2 4+ 3 7 
3 4+2 3 10 3 i+ 4 11 
4 4+27:3 16 4 1l+ 7 18 
5 4+42°3 28 5 18+ 11 29 
6 4423 52 6 20+ 18+11 58 
7 44253 100 7 58+ 20418 106 
8 44 2°-3 196 8 105+ 58429 192 
9 44-273 388 9 192+ 105 +458 355 


On the Star Chromatoscope. By A. Cravuvet, F.R.S. 


The scintillation and change of colours observed in looking at the stars are so 
rapid, that it is very difficult to jud of the separate lengths of their duration. If 
we could increase on the retina the length of the sensations they produce, we should 
have a better means of examining them. This can be done y taking advantage 
of the power by which the retina can retain the sensation of light during a fraction 
of time which has been found to be one-third of s second—a phenomenon which 
is exemplified by the curious experiment of a piece of incandescent charcoal re- 
volving round a centre and forming a continual circle of light. It is obvious that 
if the incandescent charcoal during its revolution was evolving successively various 
rays, we could measure the length and duration of every ray by the angle each 
would subtend on the circle during its course. This is precisely what can be 
done with the light of the star. It can indeed be made to revolve like the incan- 
descent charcoal, and form a complete circle on the retina. When we look at a 
star with a teleacope, we see it on a definite part of the field of the glass; but if 
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with one hand we alightly move the telescope the image of the star changes it 
position ; and during that motion, on account of the persistence of sensation on the 
retina, instead of appearing like s spot, it assumes the shape of a continnous line. 
Now if, instead of moving the telescope in a straight line, we endeavour to move 
it in a circular direction, the star appears like a circle, but very irregular, on w- 
count of the unsteadiness of the movement communicated by the hand. Such is 
the principle of the instrument employed by the author to communicate the periee! 
circular motion, which it is impossible to impart by the hand. The imstrunat 
consists of a conical tube placed horizontally on a stand, and revolving on Ita own 
axis by means of wheels; inside this tube a telescope or an opera-glass is placed, 
by which, by means of two opposite screws, the end of the obj can be 

in an excentric position in various d accarding to the effact desired, 
while the eye-glass remains in the centre of the small end of the tube. Nov, 
we understand that when the machine makes the tube revolve upon its axis th 
telescope inside revolves in an excentric direction, and during the revolution the sw 
seen through it must appear like a circle. This circle exhibite on ita periphery 
various rays emitted by the star, all following each other in spaces co i 
with their duration, showing also blank between two contiguous mys whic 
must correspond with the black lines of the spectrum, The instrument, in fact} 
@ kind of spectroscope, by which we can analyse the light of any star, study tk 
cause of the scintillation, and compare ita intensity in various climates or sum 
and at different altitudes, 


On the Relationship between the Variation of the Excentricity of the Hark 
Orbit and the Moon’s Mean Motion in Longitude. By the Rev. Dr. E. Hist. 
One of the hieroglyphic inscriptions at Thebes contains a notice of an eclipe « 

the sun, observed on a given day of a given year of a certain King but accard:n: 

to Hansen’s tables, no eclipse could have been visible on that day so far wet ® 

Thebes. Dr. Hincks therefore asked for the assistance of those more prectal 

en than himself in astronomical pursuits in answering the following quer: 

—Let e, and M, be the excentricity of the earth’s orbit and the mean longrtule f 

the moon at the beginning of 1801. Let ¢, and M,, be the excentricity au 

mean longitude at the end of any time 7, the longitude being reckoned from th 

equinox of 1801. 


Let ¢,=e,+¢,T-+e,T" 
and M=M,+M,1+M,r°4M,r°. 


It was formerly thought that M,=ae, and M,=a,e,; a and a, being coefiae" 
supposed to be known. Some years ago it was discovered that these cosflitt 
were much leas than they had bean supposed to be; and it was inferred that 0% 
other cause had combined with gravity to make M, so great as it is. Within 
last year he had heard that some eminent astronomers were of opinion that ¢, ™ 
“much greater” than it had been supposed to be; but he had heard nothing 
cise as to its value. It had occurred to him that as M, had been greatly overnl 
by astronomers, the above equation M,=ae, might still hold good. If ».* 
eclipse might not only be visible at Thebes, but annular; and it was more probabl 
that a recorded eclipse should be of an unusual character, as an annular edie 
would be, than an ordinary partial one. The moon being near her dag 
eclipse would be impossible. On the possibility of the equation holdi good, F 
desired to ascertain the opinions of the Section. 


Desoription of a Solar Eyepiece invented by the Rev. W. RB, Dawns, F.RL- 
and constructed, under his direction, by Dottoxp. Communicated by Dr. 1 
In the greatly improved form of this eyepiece, as exhibited, the fundame® 

principle of the ori mal construction is preserved. which consists in greatly 

tracting the field of view, so that the heat emanating from the portion of the ©, 
focal image admitted to the eye-glass, however large the tel may be, 

be leas than would cause any injury to the dark glasses which d the eye fre 
excessive light. The diaphragms by which the field is thus contracted are arrange! 
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in a rotating cireular plate, which is prevented from becoming inconveniently heated 
by a la er of plaster of Paris on its t surface, and by a coating of enamel on the 
brass plate on which it rotates. The eye-lenses and dark glasses are aleo arranged 
in rotating wheels. 

By the use of the smallest apertures in the diaphragm-plate, the middle, or 
umbra, of large solar spots may be advantageoual scrutinized, all the rest, even 
the penumbre of the spot itself, being excluded from view. It was in this way 
that the inventor discovered the irregular illumination and cloudy appearance of 
the umbra (which was previously supposed to be black, and probably the body of 
the sun i , and the existence, in most of the larger and more symmetrical spots, 
of a small well-defined poxtion in which no light at all could be seen, and to which 
alone the term nuoleus (often erroneously applied to the whole of the wmbra) ought 
to be restricted. This is the more important, as the inventor has arrived at the 
conclusion that the existence or non-existence of this entirely black nuoleus forms 
an obvious distinction between two classes of solar spots, whose origin is of a very 
different kind. . 

This eyepiece is also of great utility in several other species of observation ; as, 
e. g.,in the scrutiny of minute and delicate portions of the moon's surface, while the 
eye is relieved by the exclusion of all the rest from the field of view ; in obeerving 
lunar occultations, and the eclipses of Jupiter's satellites, and in examining the 
immediate vicinity of planets for faint eatellites, and of bright stars for minute com- 
panions. The diameters of the apertures in the diaphragm-plate vary from 0°65 to 
about 001 of an inch. As there is some difficulty in cleaning out the smallest of 
these without injuring it as a point of a fine needle might do, it may be well to 
mention that the inventor has found the best instrument for this purpose to be a 
cat’s whisker, ; 


On the Lunar “ Mare Smythii,” the walled Plain “ Rosse,” the “* Perey Mown- 
tains,” and the newly named Craters, “ Phillips,” “ Wrottesley,” ‘“ Cheval- 
lier,” and “ Piazai Smyth.” By Dr, Lz, F.B.S, 

The “ Mare Smythi ” *.—This interesting portion of the moon’s surface was first 
observed with ient care, and delineated accurately, by Schroter in 1702, Sept. 80, 
twenty-two hours after full moon. T. Mayer and Cassini had represented in its locality 
a long grey streak. Schroter’s drawing, in the main, is executed with great fidelity, 
and represents all the principal features of the Mare, as well as some interesting 
craters east of it. In this as well as in a portion of the eastern rim, it is 
closely in accordance with a drawing made by Mr. Birt on the 30th of July, 1863, 
when the terminator bisected the surface of the Mare. Mr. Birt aleo had an 
oP. rtunity, on the 26th of November, 1868, of verifying in almost every parti 

Oter’s delineation. Schriter designated this extensive lunar plain “ Abraham 

Gotthelf Kastner,” and delineated and described two somewhat extensive depres- 

sions eastward of the southern part of the Mare. It would appear from Beer and 

Madler’s large map that these great selenographers had but imperfectly seen this 

fine Mare, nearly equal in extent to the Mare Crisium, for they describe “Kastner ” 

as extending like a sea from — 2° to— 9° south latitude; and that it is almost 80 Ger- 
man miles in length, while they make the Mare Crisium 61 German miles long. They 
ive on their map a dark plain even smaller than that described above, and which, 

m. a careful comparison of the drawings now in existence, appears to be the 
eastern portion only of the southern part of Schriter’s “Kastner.” Schroter’s 
delineation being thus so considerably reduced by Beer and Madler, it becomes 

uite impossible to identify their “ Kistner” with the Mare in question. Accord- 
ingly when, on August 20th, 1861, it was seen by Mr. Birt in the immediate 
neighbourhood of the terminator, the observation assumed the character of a dis- 
covery; in fact, the mutilation of this fine plain by Beer and Madler clearly renders 
the observation of Mr. Birt a rediscovery of the true “ Kastner” of Schroter, while 
the position of one of the depressions east of its southern portion is so nearly 

* The name “ Smythii” is given to this Mare in commemoration of the extensive and 
oe labours of the secomplished and gallant admiral, the author of the ‘ Celestial 

cle.’ 
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similar to that of the “ Kistner ” of Beer and Madler as really to have been taken 
for it. Under these circumstances it becomes highly important to settle the 
nomenclature in this part of the moon by distinctly designating both formatien, 
the larger the “ Mare Smythii,” the smaller “ Kastner.” 

The extent of this large plain—fifteen degrees of latitude and as many, if not 
rather more, of longitude, viz. 5° N. to 9° 30! S. latitude, and 80° W. to 96° W.(°) 
longitude—combined with its great similarity to the Mare Crisium, clearly entitle 
it to rank asa Mare. As it was first discovered and named by Schroter, it may te 
considered undesirable to disturb the existing nomenclature; and undoubtedly it 
would be taking an unwarrantable liberty to change the name, if Beer and Midler 
had given the dimensions and outlines on their map as left by Schroter. Asit's 
much confusion has arisen. The plain has not been identified with their delines- 
tion; a formation eastward of it has been regarded and published as “ Kastner: 
and the only way now to set the matter right is to distinguish the one from t 
other unmistakeably. Again, the name of “ Kistner” is but little known in this 
country, and is of mere local interest, while the name of “ Smyth,” as the Rer.T. 
W. Webb remarks, “is not merely of English but of universal celebrity.” Iti 
therefore proposed to retain the name “ Kastner” for the smaller and m ore ancient 
formation, and to commemorate the rediscovery by designating the larger and mor 
modern plain by the name of the gallant admiral who has contributed so largely, 
not only to the advancement of astronomy, but also to the pleasure of every practical 
astronomer, by the publication of his most interesting ‘Cycle.’ 

The walled plain “ Rosse ” is situated in the south-east quadrant of the moon: 
surface. It has hitherto been unrepresented, and is one of the largest individual 
localities on the lunar disk unappropriated. It was first noticed by Mr. But, 0 
November 3, 1862; but its characteristics, boundary-walls, and distinct individus 
character were determined with the Hartwell equatoreal on the 27th of Augus. 
1863. Its eelenographical coordinates are 53° to 60° S. latitude and 48° to 5° E 
longitude, and it extends from the craters Zuchius and Segner on the south to 
Phocylides on the north. Its eastern and western walls are partly interrupted by 
two small but conspicuous craters, as yet wnnamed. The surface of this walled 
plain appears, under a rather advanced illumination, to be very smooth end level, 
with the exception of a remarkable promontory stretching towards the middle of the 
enclosure. This walled plain has received the name of “ Rosse,” in honour of the 
nobleman who has 80 liberally contributed to the advancement of astronomy by tht 
erection of one of the largest telescopes in existence at Parsonstown in 

The “ Percy Mountains” are a fine chain, extending from Gassendi to Cavendixt, 
with some very interesting crater-openings on their summits. They have beet 
named to honour the memory of Earl Percy, the late Duke of Northumberland. 3 
well-known patron of astronomy and a munificent donor of refracting telescope: !9 
the Universities of Cambridge and of Durham. They are now under a regular court 
of observation by Mr. Birt, both with the Hartwell equatoreal and the Royal Society # 
43-inch achromatic, which was lately voted to him by the Council. Selenographicl 
coordinates 17° to 28° S. latitude, and 41° to 53° E. longitude. 

“Phillips” dnd “‘Wrottesley’’ aré two interesting craters adjoining the msgu- 
ficent formations “Wilhelm Humboldt” and “Petavius.” The occasion of naminf 
them, as well as the discrepancy occurring in Beer and Miadler’s map, as compet 
with “Der Mond,” relative to “ Wilhelm Humboldt” and “ Phillips,” are ful 
detailed in the ‘Astronomical Register’ for November 1863, pp. 160 and 1: 
“ Phillips,” which is nearly the size of Plato, has for its selenographical coal 
nates 24° to 27° S. latitude, and 75° to 80° W. longitude. It is marked “Hur 
boldt ” on Beer and Midler’s map, which is decidedly a mistake. The coordinsi# 
of “Wrottesley ” are 23° S. latitude and 56° W. longitude. 

“Chevallier,” named in honour of the distinguished astronomer and echolr, tht 
Rev. Temple Chevallier of the University of Durham, is situated in the north-we 
quadrant of the moon’s disk. Between “Atlas” and “Messala” there are thr 
craters, two of which are unnamed. It is proposed to designate the nearest ‘0 
“ Atlas” “Chevallier”; its selenographical coordinates are 45° N. and 50° W. 

The crater “ Piazzi Smyth” is named, with the Teneriffe Mountains, to comme 
morate “An Astronomer’s Experiment.” It is interestingly situated on 4 act 
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ridge on the surface of the Mare Imbrium, in latitude 42° N. and longitude 3° 30’ E. 
It 1s almost the only crater in a somewhat irregular line of detached rocks which 
are designated the Teneriffe Mountains, the principal of which is the isolated rock 
‘< Pico,’’ named by Schréter. These mountains are each designated by a Teneriffan 
appellation. A fine rock, equal to “ Pico,” and westward of “ Piezzi Smyth,” is 

ed “Piton”; those south and north of “ Pico,” ‘‘Guajara” and “ Rambleta”; 
a fine branching chain east of ‘“ Rambleta,” “ Alta Vista)’; and a rock N.E. of 
“‘Rambleta,” “ Chajorra.” 


On the Distribution of Heat on the Sun’s Surface, and the Currents in tts 
Atmosphere. By J.J. Murpuy. 


Professor Secchi, of Rome, has ascertained that the sun’s equator is sensibly 
hotter than its poles. That this should be the case follows from the meteoric 
theory of solar heat. The asteroids which revolve round the sun, and fall into its 
atmosphere as meteors, probably occupy, like the entire solar system, a lenticular 

ace having its greatest diameter nearly coincident with the sun’s equator; and 
if so, & greater number of meteors must fall on the equatorial than on the polar 
regions of the sun, making the former the hottest. The meteoric theory will also 
account for the currents in the sun’s atmosphere, observed by Mr. Carrington (see 
the ‘Proceedings of the Royal Astronomical Society,’ 13th April, 1860). He 
finds that the spots in the lowest latitudes drift most rapidly from W. to E. Were 
the sun's atmosphere, like the earth’s, acted on by no other motive power than the 
unequal heating at different latitudes, the relative direction of the currents would 
be the reverse of this, in virtue of the well-known principles of the trade winds and 
“ counter-trades,” and this would be true at all depths in the sun’s atmosphere. 
But if meteors are constantly falling into the sun’s atmosphere, moving from west 
to east with a velocity scarcely less than that of a planet at the sun’s surface, and 
in greatest number in its equatorial regions, there is a motive power which is 
adequate to drive ita atmoephere round it from west to east, and with greatest 
velocity at the equator. The intensely bright meteor-like bodies which Mr. Car- 
rington and another observer simultaneously saw traverse the sun’s disk moved 
from west to east, and they were almost certainly asteroids falling into the sun. 


Researches on the Moon. By Professor Parties, F.R.S. 


The author, having on previous occasions presented his views as to the methods 
and objects of research in the moon, was desirous now to state a few results, and 
exhibit a few drawings, the fruit of recent examinations of the moon by means of a 
new equatoreal by Cooke, with an object-glass of 6 inches*. Jn sketching ring 
mountains, such as Theophilus and Posidonius, the author has been greatly 
interested by the changes of aspect which even a small alteration in the angles of 
elevation and azimuth respectively produce in the shadows and lights. Taking an 
example from Cyrillus, with its rocky interior, and fixing attention on the nearly 
central mountain, it always appears in the morning light to have two principal 
unperforated masscs. By a slight change in the direction of the light, the division of 
these masses is deeply shaded on the north or deeply shaded on the south, and the 
figure of the masses, t.¢. the limit of light and shade, seems altered. A slight 
change in the angle of elevation of the incident light makes more remarkable 
differences. On Posidonius, which is a low, nearly level plateau, within moderatel 

raised borders, the mid-morning light shows with beautiful distinctness the shield- 
like disk of the mountain, with narrow broken walls, and in the interior, broad, easy 
undulations, one large and several smaller craters. In earlier morning more craters 
appear, and the interior ridges gather to form a broken terrace, subordinate to the 
principal ridge. This circumstance of an interior broken terrace, under the high 
main ring of mountain, is very frequent, but it is often concealed by the shadow 
of the great ridge in early-morning shadows. To see it emerge into half-lights, 
and finally into distinct digitations and variously directed ridges, as the light falls 


* He has also observed the aspect of the sun, but on this eubject he reserved his remarks. 
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at increasing angles, is a very beautiful sight. But it is chiefly to the variations m 
the central masses of lunar mountains and their physical bearings that the author 
wishes to direct attention. Many smaller mountains are simply like cups se 0 
saucers, while others contain only one central or several dispereed cups. + Plato 
is a nearly central very small cup, bright, and giving a distinct shadow on the grey 
ground, as seen by Mr. Lockyer, Mr. Birt, and Professor Phillips himeelf, Buto 
the centre of many of the larger mountains, as Copernicus, Gassendi, and Theophilus, 
is a large mass of broken rocky country, 5000 or 6000 feet high, with buttreass 

assing off into collateral ridges, or an undulated surface of low ridges and hollows. 
The most remarkable object of this kind which the author has yet observed with 
attention is in Theophilus, of which mountain two drawings are given, in which 
the author places equal confidence, except that the later drawing may have the ad- 
vantage of more experience. The central mass is seen under powers of 200 to #” 
(the best performance is from 200 to 300), and appears as a conical max of 
rocks about fifteen miles in diameter, and divided by deep chasms radiating fm 
the centre. The rock-massea between these deep clefts are bright and shining, atl 
the clefts widen towards the centre; the eastern aide is more diversified than te 
western, and, like the southern side, has long excurrent buttresses. — Aa the light 
grows on the mountain, point after point of the mass on the eastern side comes out 
of the shade, and the ‘whole figure resembles an uplifted mass which broke with 
radiating cracks in the act of elevation. Excepting in steepness, this resembles the 
theoretical Mont d’Or of De Beaumont; and as there is no mark of cups or crater 
in this mass of broken ground, the author is disposed to regard its origin aa realy 
due to the displacement of a solidified part of the moon’s crust. He might bo 
justified by Professor Secchi’s drawing of Copernicus in inquiring if the low nt 
current buttresses may indicate issues of lava on the southern and western aids 
On the whole, the author is confirmed in the opinion he has eleewhere expresset, 
that on the moon's face are features more strongly marked than on our own glob, 
which, rightly studied, may lead to a knowledge of volcanic action under grade 
and simp er conditions than have prevailed on the earth during the period, 
subaérial volcanos. The author also exhibited a drawing of Aristarchus, showy 
some undescribed features in the aspect of that, the brightest part of the mow! 
surface. 


On the Changing Colour of the Star 95 Herculis. 
By Professor Prazzi Suyru, F.R.S., Astronomer Royal for Scotland. 


The etar 95 Herculis is a double star, of which the two members are neatly d 
equal magnitude (about the 5th), and are six seconds apart, in R, A. l/h oo 
, and N. D. 21° 35’ 56" epoch 1860. It has hitherto been catalogued #' 
diversely coloured pair of stars, one member being called “apple-green” and 
other “cherry-red.” These colours have moreover been looked upon (a3 ar the 
colours of all ordinary stars) as constant features. Being observed, however, by 
the author when he was on the Peak of Teneriffe, in 1856, they were found nes} 
colourless, and without any diveraity of tint the one from the other. This obe 
vation was considered anomalous at the time, and was so to 8 certain extent; but 
on examining older authorities, the author has met with two other instances of sa 
equality of pale colour being observed in the two components of 95 Herculis—o 
by Sestini in 1844-50, and the other by Struve in 1832°53; and remarks that, will 
ese two epochs are separated by twelve years exactly to a tenth, the later df 
them precedes the Teneriffan observation in 1856:58 by almost exactly the #0 
quantity. Now this looks like a regular periodic change, of very short period ; ui 
it is not improbable that the twelve years constitutes a multiple of a shorter peo! 
still, during which the change of tint of the stars is so marked that, from bevd 
merely grey ta certain time, one star has been described as becoming an “ sstanist 
ingly yellow-green,” and the other “an egregious red.” Although this is the firs 
instance of this kind yet detected in the sky, the author thinks that it will pot be 
found a solitary one; and that its phenomena may bear some relstion 
“ eclipse” pink prominences of our sun, and to auroral displays. 
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On Sun-spots and their Connexion with Planetary Configurations. 
By B. Sruwanr, F.B.S. 


The author described the results of his examination of a continuous series 
of pictures of the sun’s disk taken by the Kew photoheliograph between February 
1862 and August 1863. He remarked that “there is little difficulty in finding 
approximately, by a comparison of two or three consecutive pictures, at what por- 
tion of the sun's disk any spot ceases to increase and begins to wane, or, on the 
other hand, breaks out into a visible appearance.” Now, it appears to be a law 
almost universal, that if there be several spots, and one decreases before coming to 
the central vertical line passing through the sun’s disk, another spot does the same ; 
if, on the other hand, a spot breaks out on the right half and increases up to the 
border, another will do the same. The author thinks that he has noticed a con- 
nexion between this behaviour of sun-spots and the configuration of the nearer 
planets, Mercury and Venus, of the following nature. Let us suppose that Merc 
and Venus are both in a line considerably to the right of the earth, then spots wi 
decrease as they come round from the left-hand side, and before they reach the 
centre of the disk, On the other hand, if these two planets are considerably to the 
left. of the earth, there will be a tendency for spots to form on the right half of the 
disk and to increase up to the border, 


Lieut axp Huar. 


Account of Preliminary Experiments on Oalcescence. By C, K, Axin, Ph.D, 


In this borer the author described the attempt which he had made, conjointly 
with Mr. George Griffith, the Assistant General Secretary of the British Associa- 
tion, to out some of the experimenta proposed by him in his paper “On the 
Transmu of Spectral Rays,” for the purpose of producing the converse phe- 
nomenon of fluorescence, for which the term calcescence* was suggested to him 
for adoption. As the experiments, partly from the unfitness of the apparatus em- 
ployed, and partly from other interruptions, were not brought to a successful issue, 
and moreover are likely soon to be renewed under more favourable conditions, an 
with the more powerful and convenient instruments supplied by the liberality of 
the British Association, a description of the same in print will heat be resarved for 
a future occasion. 


On some Phenomena produced by the Refractiva Power of the Eye, 
By A. Cravper, F.R.A. 


This paper was to explain several effects of refraction through the eye, one of 
which is, that objects situated a little behind us are seen as if they were on a 
straight line from right to left. Another, that the pictures of external objects 
which are represented on the retina are included in an angle much larger than one- 
half of the sphere at the centre of which the observer is p ; from this point of 
view a single giance encompasses # vast and splendid panorama, extending to an 
angle of . This is the result of the common law of refraction. All the rays 
of light passing through the cornea to the crystalline lens are more and more re- 
fracted in proportion to the angle at which they strike the spherical surface of the 
comea. Consequently, the only objects which are seen in their true position are 
those entering the eye in the direction of the optic aris By this refraction the 
rays which enter the eye at an angle of 90° are bent 10°, and appear to come from 
an angie of 80°. This phenomenon produces a very curious illusion. When we 
are lighted by the sun, the moon, or any other light, if we endeavour to place our- 


#* From calcium, the name of the characteristic chemical element of lime, whose action 
on the oxyh flame most probably re ts g phenomenon of the kind alluded to, 
and hee the speculations contained in the paper edverted to in the fens. 
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selves in a line with the light and the shadow of our body, we are surprised to find 
that the light and the shadow seem not to be connected at all, and that, instead of 
being in a line, they appear bent to an angle of 160° instead of forming one of 1&; 
so that we see both the light and the shadow a little before us, where they are not 
expected to be. The eye refracts the line formed by the ray of light and that formed 
by the shadow, and the effect is like that of the stick, one-half of which, being im- 
mersed in water, appears crooked, or bent into an angle at the point of immersion. 
This enlargement of the field of vision to an angle of 200° is one of those innu- 
merable and wonderful resources of nature by which the beauty of the effect is in- 
creased. By it our attention is called to the various parts of the panorama which 
appear In any way a desirable point of observation, and we are warned of any 
danger from objects coming to us in the most oblique direction. These advantazes 
are particularly felt in our crowded towns, where we are obliged to be constantly 
on the lookout for all that is passing around us, 


On Specific Refractive Energy. 
By J. H. Guapstonr, PA.D., F.RS., and Rev. T. P. Dats, M.A., F.BAS. 
In a paper laid before the Royal Society a few months ago, the authors came to 
the conclusion that every liquid is endowed with a certain optical property, which 
is independent of its temperature, and which accompanies the substance in its 
mixtures with other liquids, and to a certain extent in its chemical combinations 
This property is the refractive index, minus unity, divided by the density 


a == (, and for this constant the authors have suggested the term ‘specific refractive 


energy.’ It is not maintained that the above formula represents the property with per. 
fect accuracy, for each observed refractive index is affected by dispersion, which does 
not follow the same law; and even if the refraction of the theoretical limit of the 


spectrum be taken, "5 , there is apparently some disturbing cause of a higher order 
which still remains unaccounted for. Other physicists have sought for this property 
in what Newton called the absolute refractive power, a , but this does not agres 
so well with the experimental observations. 

The authors now proposed to show how nearly the expression a represents 


the real law as determined from observation, and under what varied circumstance 
it may be applied, and also to suggest a possible cause of its divergence from sbw- 
lute coincidence. In doing so¢hey referred not merely to experiments of their own, 
but also to those of Dulong, Jamin, and Le Roux on the refraction of and 
vapours, and to other determinations by Brewster, Deville, Weiss, and ub, 
. Specific refractive energy and change of volume by heat.—It was shown in 


the paper above referred to that the specific refractive energy of a liquid, eo (or if 


» represent the theoretical limit of the index, > 1) is a constant, or very nearly 8 
at all temperatures. Yet in almost every instance examined it was found that the 
specific refractive ene slightly diminished as the temperature increased. The 
exceptions are quite within the limits of errors of experiment, and may probably be 
thus ‘Spoof refra 
. Speerfic refractive energy and change of volume by pressure.—The single expen- 
ment on this subject made by Jamin on ice gave a result which is abcat equally 


a 
accordant with theory, whether, with that observer, we calculate it by o> or 


—1 
prefer the formula — 


8. Specific refractive energy and change of aggregate condition.—It has been show 
in previous agers that the refractive energies of water and phosphorus in the liquid 


TRANSACTIONS OF THE SECTIONS. 13 


and solid condition vary directly as their densities. This observation is now ex- 
tended to other bodies and to the gaseous condition. 


Water. | Phosphorus. Sulphur. ! Bisulph. Carb. | Ether. 


In the above table the density of water at 0° C. is taken as unity throughout. It 
will be observed that the specific refractive energies of the solid and liquid con- 
dition are almost identical, and that those of a are somewhat less, with one 
doubtful exception, sulphur. As these are taken for the most luminous part of the 
spectrum, the disturbance caused by dispersion, at least, will make itself felt; and 
it is worthy of remark that (setting aside sulphur) the more dispersive a substance 
is, the greater is the difference between ita specific refractive energy in the liquid 
and gaseous condition. 

There is no resemblance between the absolute refractive powers of a substance in 
these two states, as was observed long since by Arago. 

4. Specific refractive energy and ion.—It was laid down in a former paper 
as approximately true that the specific refractive energy of a mixture of two 
liquids is the mean of the specific refractive energies of ita constituents. The 
following observations on solutions of two gases, two Hiquids, and two solids in 
water will serve to test whether this law can be extended to solution in general, 
even where there is a change of aggregate condition in one of the bodies, or where 
a feeble chemical affinity exists between the two. The specific refractive energy 
of water is taken at ‘3285 for Fraunhofer’s line A, and ‘333 for the line D. 


Specific refractive |SPecific refractive energy of solution in water. 


Substance. 
energy. Observed. | Caloulated. 
| Ammonia... . 506 375 878 
| Hydrochloric acid | 277 344 316 
| Alcohol ..... | 456 896 "395 
: Nitric acid... . 289 310 311 
Sugar ..... . 340 “340 3363 
Common salt .. 260 318 315 


In all these cases the observed and the calculated numbers are nearly coincident, 
with the exception of hydrochloric acid, where the combination of the gas with 
water seems to have materially altered its optical property. It is so likewise with 
sulphuric acid. 

he above-mentioned solution of sugar in water, when mixed with an equal 
weight of water, gave the specific refractive energy ‘337, instead of 3865, which 
may be taken as the same thing. 

the doubly refracting crystals of tartaric acid gave as their specific refractive 
power, deduced fron the mean of the two spectra, ‘319 for the line A, and a solution 
in water gave ‘316—a lower, instead of -324, a higher number, as the theory 

uires. 

t may be a matter for consideration how far the molecular forces that cause 
crystallization, or maintain a body in a solid or liquid state, influence the velocity 
with which light is propagated through the medium. 

5. Specific refractive energy and chemical combination.—Dulong showed long a 
that the absolute refractive power of a compound gas is nearly, but not exactly, the 
mean of the specific refractive powers of its gaseous constituents. This is equally 
true of the specific refractive energy. But the observation need not be confined 
to gases. In the following table the actual ific refractive energies of three 
liquids is compared with the mean of the apecilic refractive energies of their con- 
stituents, whether gaseous, liquid, or solid, 
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Brom. Phosph. ; Chlor. Phosph.| Chlor. Carb. | 
348 287 


"804 “264 | 


These show merely a general resemblance between the observed and the calea- 
lated energies. They form part of the ever-multiplying proofs, that though a 
chemical compound may be considered as having a specific refractive energy com- 
posed of the specific refractive energies of its component elements, it is, as stated 
elsewhere, modified by the manner of combination. 

The specific refractive energy of chloride of ammonium appears to be ‘42. As 
calculated from Dulong’s numbers for nitrogen, h , and chlorine gases, it 
should be only ‘34 ; but as calculated from the specific refractive indices of ammonis 
and hydrochloric acid when liquefied by solution, it is 417. 


eect @6eeenseseB ot &6e 


Observed 
Calculated from constituents .. . 


On a New Form of Syren. By W. Lavp. 


A disk of cardboard is perforated with 1682 holes, apportioned into twenty-four 
concentric circles, the fifteen interior ones being bivtted into , and the 
remainder into irregular, intervals. The former are divided in the followi 
proportions :—For every two holes in the first circle (counting from the centr 
there are 3 in the 2nd, 4 in the 3rd, 5 in the 4th, 6 in the 5th, 8 in the 6th, 10in 
the 7th, 12 in the 8th, 16 in the 9th, 20 in the 10th, 24 in the Lith, $2 in the 12th, 
40 in the 13th, 48 in the 14th, and 64 inthe 16th. If with a emall tube airis blows 
into these circles whilst the disk is in rapid rotation, a series of musical notes wi! 
be obtained, allied to each other in the relative proport'on of the numbera, Lovi- 
ing at the outer portion of the disk, lines of holes are observed radiating from the 
centre, and dividing the disk into 24 equal parts; and, if the other holes wer 
stopped, each of these rings would produce a single sound, the same ae the 6c 
row of the inner series. This note will form the fundamental of all the harmonics 
If a point is taken in the first of the external rings, and, starting from it, witha 

air of compasses the distance between it and the first intermediate hole is repeated 

ve times, it will correspond with four of the fundamental spaces; and if a single 
jet of air is forced through these holes whilst the disk is rotating, the idea coo- 
veyed to the mind will be precisely the same as if two separate notes were sounded 
together—the two notes being a fundamental and its third, the proportions of the 
vibrations being as 5:4. The 2nd row is divided in the ratio of 4: $—this wil 
give a fundamental and its 4th (or subdominant); the 3rd row is divided as 3:2. 
giving the fundamental and its fifth (or dominant); the 4th row, divided as 5:3 
gives a fundamental and its 6th ; the bth row is as 7 : 4—this giving a fundamental 
and flat 7th; the 6th row has a combination of four holes, in the proportion of 
6:5:4:3—this will give a perfect chord of four notes; the 7th row has four holes 
in the proportion of 8:6: 6: 4—this will give a perfect chord with octave of ti 
fundamental; the 8th row is divided in the proportion of 5:4:8, giving 8 pt 
fect major triad with inverted 5th; and the last row is divided in the proportica 
of 6:5: 4, which forms a Perfect major triad. The exact intonation of the note 
given out by the inner circles, and the exquisite harmonies produced by the outet 
ones, are remarkable. 


M. Sorztt’s Tenebroscope, for illustrating the Invisibility of Light. 
Exhibited and described by the Abbé Moreno. 


The instrument exhibited consisted of a tube with an opening at one end to b 
looked into, the other end closed, the inside well blackened, and a wide openitt 
across the tube to admit strong light to pass only across. On looking in, all # 
perfectly dark, but a small trigger raises at pleasure a small ivory into the 
course of the rays, and its presence instantly reveals the existence of the crossidf 
beam by reflecting a portion of ita light. 
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On a New Micrometer, By M. H. Soren; eahibited and explained 
by the Abbé Moreno. 

This consisted of two Ramsden’s eyepieces, one fixed near the object or image 
to be measured, the other moveable to suit the vision of the observer, with a ruled 
glass micrometer-plate placed between them. The magnifying power of this eye- 
piece being ascertained by a comparison of the object as seen Sirectly with the 
same object as seen through the micrometer, it then became applicable to the 
telescope, the microscope, and even to goniometry by a certain adjustment, and 
having. the plate to which the objective eyepiece was attached graduated on its 
circumference, 


On Spectral Analysis. By Prof. Priicxmn. 

It is generally admitted now, that every gaseous body rendered luminous by heat 
or electricity sends out a peculiar light, which, if examined by the prism, gives 4 
well-defined and characteristic trum. By such a spectrum, by any one of its 
brilliant lines whose position has been measured, you may recognize the examined 
gas. This way of proceeding constitutes what is called spectral analysis, to which we 
owe, already, the discovery of three new elementary bodies, In order to give to 


spectral is a true and certain basis, you want the spectrum of each elementary 
substance. Very recently, some eminent philosophers, In examining such spectra, 
met with unexpected difficulties, and doubts arose in their minds against the new 


doctrine. Those doubts are unfounded. The fact is, that the molecular constitution 
of gases is much more complicated than it has been generally admitted to be till now. 
The spectra therefore, always indicating the molecular constitution of gases, must 
also be more complicated than they were at first thought to be. By these consider- 
ations, a new importance, of a physical nature, is given to spectral analysis. You 
may recognize by the spectrum of a gas, not only the chemical nature of the gas, but 
you may also obtain indications of its more intimate molecular structure—quite a 
new branch of science. Allow me now to select, out of the results already obtained, 
two instances only. Let me try to give what I may call the history of the spectra 
of two elementary bodies —of sulphur and nitrogen. In order to analyze by the 
priem the beautiful light produced by the electric current if it pass through a 
rarefied gas, I gave to the tube in which the gas is included such a form that its 
middle part was capillary. Thus I got within this part of the tube a brilliant film 
of light, extremely fitted to be examined by the prism. The date of my first paper 
on this subject is the 12th of March, 1858. About a year ago, after having pro- 
vided myself with apparatus more suited to my purpose, I asked my friend Professor 
Hittorf, of Miinster, to join me in taking up my former researches. The very first 
resulta we obtained in operating on of a greater density opened to us an im- 
mense field of new investigation. e found that the very same elementary sub- 
stance may have two, even three, absolutely different spectra, which only depend 
on temperature. In our experiments we made use of Ruhmkorff’s induction-coil, 
whose discharge was sent through our spectral tubes. In order to increase at 
other times the heating-power of the discharge, we made use of a Leyden jar, 
Now, let us suppose a spectral tube, most highly exhausted by Geisaler’s mercury- 
pump, contains a very small quantity of sulphur. The discharge of the coil will 
not pass through the tube if it do not meet with ponderable matter, either taken 
from the surface of the glass or, if the discharge be very strong, by the chemical 
decomposition of the glass. In heating the tube slowly by means of a lamp, in 
order to transform a part of the sulphur into vapour, all accidental spectrum, if 
there be one, will disappear, and you will get a pure and beautiful spectrum of 
sulphur. I suppose the Leyden jar not: to have been interposed. you now 
interpose it, the spectrum just spoken of will suddenly be replaced by quite a dif- 
ferent one. We were, generally, led to distinguish two quite different classes of 

ctra. Spectra of the first class consist in a certain number of bands, variously 
shadowed by dark transversal lines. Spectra of the second class consist in a great num- 
ber of most brilliant lines on a dark ground. Accordingly, sulphur has one spectrum 
of the first class and another one of the second class. You may, as often as you 
like, obtain each of these two spectra. In operating on a spectral tube containing 
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nitrogen at a tension of about 50 millimétres, you will, without the Leyden je. 
get 2 most beautiful spectrum of the first class. r interposing the jar, a splendid 
spectrum of the second class will be seen. But here the case is more complicated 
ill. The above-mentioned spectrum of the first class is not a simple one, but it 
is produced by the superposition of two spectra of the same class. Ignited nitr- 
gen, at the lowest temperature, has a most beautiful colour of gold. When it 
temperature rises, its colour suddenly changes into blue. In the first case, the cor 
responding spectrum is formed by the less refracted bands extended. towands the 
violet part ; in the second case, it is formed by the more refracted band of the spec- 
trum extended towards the red. Nitrogen, therefore, has two spectra of the fit 
class and one spectrum of the second class. The final conclusion, therefore, is that 
sulphur has two, nitrogen three, different allotropic states. It may appear very 
strange that a gaseous body may have different allotropic states, ¢. e. different states 
of molecular equilibrium. It may not appear, perhaps, more strange that s sub- 
stance, hitherto supposed to be an elementary one, may really be decomposed at an 
extremely high temperature. From spectral analysis there cannot be taken any 
objection that sulphur and nitrogen may be decomposed. Chloride of xine (ot 
cadmium), for instance, exhibits two different spectra. If heated like sulphur, wi 
then ignited by the discharge of Ruhmkorff’s coil, you will get beautiful spectrum 
either of chlorine or of the metal, if either the Leyden jar be not interposed or be 
interposed. There is, in this case, a dissociation of the elements of the composed 
body in the highest temperature, and recomposition again at a lower tem 
You may consider the dissociation as an allotropic state, and, therefore, [ mar 
make use of this term as long as the decomposition be not proved by the separated 
elements. 


On the Focal Adjustment of the Eye*. By Banxanrp 8. Proctor. 


The object of the paper was to afford answers to the following questions:— _ 

Is it occasionally, generally, or universally that the human eye has distinct fut! 
for vertical and horizontal lines P 

Is the power of altering the focus of the eye exceptional or general ? and what 3 
the extent of the change 

Can eyes, having distinct vertical and horizontal foci, be made to adjust thes 
foci to any particular distance at the same time ? 

Have the two eyes generally different focal lengths ? 

Does a good resolving power always accompany a good adjusting ? 

Are markings on a flat surface resolved better by one eye or both F 

What is the uppearance of a vertical line, and what of a horizontal line ans 
point, when within or beyond focus ? 
fe Do the powers of the eye vary much with time of day, bodily or ment! 

tigue, &c. 

Hor experimenting upon the focus, an object wa3 constructed consisting of 8 
darkened glass, upon which were scratched lines so as to transmit light. The 
design adopted was a cross consisting of fine double lines, simple appliances being 
adopted for transmitting through these lines a constant amount of light, and ft 
varying the distance between the object and the eye of the observer. For axtt 
taining the resolving power of the eye, a test-object was constructed in the sam 
manner, the design upon it consisting of two lines diverging at a very acute angie 
from a point, and bearing an index showing how many thousandths of an inh 
space there was between the lines at the point where the observer ceased to hare 
the power of distinguishing them as two lines. 

This test-object, and the same mode of using it, was adopted in experimenting 
upon the power of various eyes to change focus: the resolving power aving beet 
ascertained for the shortest comfortable focus, the same was tried for double a 
three times the distance. 

In all these experiments, the person whose sight was being examined did 1 
lmow the measurements till the conclusion of the experiments ; thus was avoided 


* The entire paper is printed in the Philosophical Magazine for October 1863. 
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any tendency which there might have been to fancy that at double the distance 
double the width of the lines was requisite to admit of resolution. 

As the result of the examination of the sight of nine individuals, it was found 
that seven have equal focus for both eyes; four have longer focus for vertica 
lines than for horizontal; two have shorter focus for vertical, and three have equal 
foci for both. Of seven observers, six have the power of varying the focus for both 
horizontal and vertical lines, All have the power of bringing both lines into focusl 
at once. Of nine observers, four have the best resolving power for horizontal lines, 
one for vertical, and four equally good for either; the better resolving power 
generally coinciding with the shorter focus. 

Theoretically, at double the distance double the space between lines should be 
required to admit of their resolution. In most instances it was found, by experi- 
ment, that less than double the space was required at double the distance—a fact 
resulting probably from the aberrations varying with the adjustment, as the results 
of the observations were only taken account of when the observer believed the focal 
adjustment to be accurate. It was found that in using two eyes we generally have 
resulta corresponding with the powers of our best eye. Different observers describe 
the ap ce of a line out of focus in various manners, as follows :—a faint band 
but with clear edges; a line with misty edges; a band consisting of two or more 
misty lines, sometimes nearly clear, and not constant in number—the motions of 
the eyelid will frequently alter the number. | 

The evidence regarding the variation of sight before and after breakfast was con- 
flicting ; but all agreed that bodily or mental fatigue very much impaired both 
the resolving and adjusting powers. 


On a new kind of Miniature possessing apparent Solidity by means of a 
Combination of Prisms. By H. Swan. 
othe, this invention is obtained & minia ture re resentation af the human form or 
er objects ing the ce 0 ect solidity, the i ing appa- 
rent] inbedded in the thickness of & small enclosed block of glass ore eryeral, 
thereby defining form and expression with a degree of accuracy unattainable in a 
flat portrait. is is effected by a new application of the principles of binocular 
vision employed in the ordinary stereoscope. A stereoscopic pair of transparent pic- 
tures (taken at an angle suitable for the effect intended) are produced by the ordinary 
hotographic means. To effect the combination of these, the block of glass or qua- 
A rangular prism, in the interior of which the solid is to appear, is composed 
of two rectangular prisms ground to an angie of about 39° or 40°. These are placed 
together so as to form one solid quadrangular prism, divided lengthwise by a thin 
film of air. If one of the pictures be now placed at the back of this combination, 
and the other picture at the side, on attempting to look through the combination 
the two images will be superposed on each other {forming one solid image, appa- 
rently imbeddéd in the crystal), all the rays which fall on one side of a line per- 
ndicular to the surface of the prism next the eye suffering total reflexion at the 
Inner oblique surface of that prism, while nearly all those rays which fall on the 
other side of this line will be transmitted, unaltered in direction, through the body 
of the combination. Thus, one of the eyes perceives only the object at the back of 
the prisms, while to the other eye the picture at the side is alone visible, and that 
lying apparently at the back also, producing the perfect appearance of solidity. It 
is evident that, to produce these resulta, care must be taken not only that the 
pictures are not misplaced so as to produce the pseudoscopic effect, but also that 
the picture which suffers reflexion hall be reverted to compensate for the rever- 
sion occasioned in reflexion. 
On the Elasticity of the Vapour of Sulphurie Acid. By T. Tate*, 
The author gave general formule: (derived from the resulte of his experiments) 
expressing the law connecting the pressure and temperature of the vapours of sul- 
phuric acid diluted with different equivalents of water. 


* The is printed in Phil. Mag. Dec. 1868. 
1863, wee Pe | 2 
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ELECTRICITY, MAGNETISM. 
On Bonelli’s Printing Telegraph. By W. Qoox. 


The author remaiked upon the sim icity, regularity and economy of time which 
Bonelli’s system offers as com with others. independencs of synchtoric 


movement or elaborate clock-work, freedom from all delicacy in the mechsxicd 
detail, and the substitution of the most absolute siniplicity in the place of that 
which, until now, demanded a special knowledge té keep the machines in working 
order, are among the practical advantages obtained; while, on the other bmi, 
rapidity and certainty, never even hoped for, are ensured. The principal featares 
of the new system are two tsbles in cast iron, placed inversely to each other st the 
cotresponding étations, and each provided with a miniature failway, over which 
run two waggons, one carrying the type-set message, the other the , chenti- 
cally prepared with nitrate of manganese, and two combs, fi the a- 
tremities of the wires of the:line, one of which touches the type at one stati, 
while the other passes over the prepared paper at the other; spring catch to eat 
of the waggons setting them free to move by the closing of an electrical cumat 
Neither on ebort circuit nor at a distance has the slightest difficulty in workin 
the Bonelli machine been experiented, a well-considered system of counter-curratt 
having completely annihilated the inconveniences which, from the time of Bam 
the present moment, have been inevitable in electrochemical telegraphy, 


On a Printing Telegraph. By D. E. Huenss, 


This instrument requires but one electrieal wave for each letter, wheress for th: 
‘*Morse”’ an av of four waves is required for each letter, and the dial instrumat! 
requires seven. ere are twenty-eight keys, like the keyg of a piano, each cont 
sponding to a letter or mark—as say) a full-stop or a num pleanre Whe 
one of the keys corresponding to & letter is depressed, this brings a detent in coatet 
with a pin correspon gto at letter on the circumference of a uniformly revolriy 
type-wheel stops it, and at the same time sends an electric wave to the dist 
station which, y an clectto-magnet detaching 4 similar detent, stops the a 
letter for the instant, and, by a revolving cam brought up, presses the Peper a 
the type, the impression of which is thus taken at the t station. THE 
of the detent by the key rising to its place simultaneously stops the electric carett 
and each whe been 
stopped exactly at the same letter; and so letter after letter is printed nearly # 
fast aa the keys of a pianoforte can be moved. The chief mechanical ftature J 
this machine is the almost mathematical synchrotiism of the two type-whels 


Btation—any little difference that may accidentally occur being cofrected by 
machine itself; this exact synchronism between the two ~ 
neceasary, Approximate synchronisni is obtained by the adjustment of two vila 
ing springs in unison—the perfect synchronism belng obtained by a small came 
tion, produced, as each letter is printed, by the very uct of printing. The ty? 
wheel is either hastened or retarded, as may be tequited, to bring the letter tt 
opposite the printing-ped. The means by which the machine corrects iteelf st 
letter, or at the commencement of work, is by means of a correcting cam—a solid 
wedge, pushed down into a similar hollow wedgo—one on the driving part, 
other on the atbour of the wheel. The paper to Printed on {s coiled on ae 
and is drawn fofward by the machine, and preseed up against the letter & ™ 
printed by the electric wave that brings the required letter or number to its plat 
at the under side of the revolving wheel. A. special value in working subma® 
cablea is claimed for thia instrument, the following rates of speed having # 
obtained in different lengths :~- 


Atlantic cable.......... »... 2500 miles, 4 words per minute. 
Red Sea cable ......s00e0s 2000, 6 ” 
99 9 Coeeeeronees 1000 ” 10 ” 


” 9 Peevsesecsses 500 99 24 9 
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On an Acoustic Telegraph. By W. Lanp. 


This instrament consists casentially of two distinct pieces of apparatus, That 
for enemifting the signal has a small mouth-piece. On the right- and side there 
18 a finger-key, forming part of the circuit, and an alectro-magnet, with a vibrating 
armature and. bin Seow to connect with one of the line wires. Within a case, 
under a glass cover, is an elastic membrane, in the centre of which is fixed a 
platinum plate in connexion with the finger-key. A light piece of angular metal, 
resting on three pins, is ao placed that the pin at the angle reste on the plate in the 
centre of the membrane, the other two resting in cups on ita edge, 50 as to allow of 
free motion on the points. In the body of the receiver-box is suspended a aoft 
iron core, surrounded by a coil of silk-covered wire, one end of which is in con- 
nexion with the finger-key and the other with the binding-screw. The method of 
producing sound in the receiving instrument depends upon the fact that, at the 
moment of magnetizing or demagnetizing a piece of iron, there is an alteration in 
the arrangement of the particles, which gives rise to a slight ticking noise. 
Having connected the transmitter, by means of an insulated wire, with the re- 
ceiver, and the hinding-screws having been brought in connexion with a battery of 
three or four elements, if the finger-key on the tranamitter be pressed, the person 
at the receiving-station hears the ticking noise. To convey a musical note or 
sound, the operator places his mouth to the tube in front of the instrument and 
sings & note, when immediately the membrane begins vibrating in accordance with 
the note sounded, and at each vibration breaks contact between the pin and plate 
in ite centre. This, forming part of the circuit, causes the iran core in the receiv- 
ing instrument to be magnetized and de etfzed a number of times equal to the 
number of vibrations of the membrane, and so conveys to the receiver an impres- 
sion of a musical sound. The finger-keys and sm et at the sides of the 
instruments are for the purpose of varying the methods of communication by the 
combination of single scunds, and can algo be used with the other parts for the 
p of regulating the len of the notes and dividing them into varying 
po ons, 60 as to form a sound-alphabet somewhat similar to the signals written 
y Morae’s telegraph. 


An Electromotive Engine, exhibited and deseribed by W. Lapp. 

The electromotive machine exhibited and,"described by the author consisted of 
two coils forming a powerful electro-magnet, revolving on an axis el to the 
axes of these coils, and at equal distances between them. On the stand four 
pillars, forming coils, were planted in the circumference of a circle round the re- 
volving efectro- magnet, and at such a distance from it as just to permit its free 
motion. By asimple contrivance, similar to the commutator, the electric current 
‘was £0 transmitted and reversed as to make each of the pillar-coils a magnet, with 
the pole it presented to that of the revolving coll as it approached it, of the oppo- 
site name, south or north; but the instant it passed, reversing it into one of the 
same name: thus, while advancing it is attracted; but the instant it begins to 
retire, repelled; and so a constant motive force is applied to keep it revolving. 
The engine exhibited was mounted with bevel wheels, carrying an axle, on whic 
a cord could wind up a weight of some pounds. It was also furnished with a 
friction-break, by which its power (which was, even with only two Grove's cells, 
considerable) could be exactly measured, 


On Galvanic Copper and its Applications. By M. Ovnry, 
Commumicated by the Abbé Moreno. 

. M. Ondry, having been commanded by the Emperor to endeavour to protect some 
of the public monuments of France and chefs-d' auvre of art by the electro-plating 
process, found insurmountable difficulties in depositing a uniform and brilliant coat 
of copper on iron, either mallesble or cast; but having succeed oval ale powder, 
means in reducing e tes to a completely im © 
he weed this as Saint, with » Tnedium the. basis of which was bensoin instead of 
linseed oil or any of the oils used with ordinary paints. He had completely suo- 
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ceeded in giving a surface of a very durable character and of a brilliant, bronted 


appearance to iron, plaster, and other objects which it was desirable to protect with 
this substance. ° 


On Specimens of Telegraphic Facsimiles, produced by Caseelli’s Method. 
Exhibited and explained by the Abbé Motexo. 

M. Caseselli adopts Mr. Bakewell’s Principle, but causes the two cylinders to 
move at the two stations synchronously, by mechanical means contrived by hm- 
self. The copies exhibited by the Abbé were exact facsimileg of the originals, sme 
being pictures, some pieces of music, and some written. 


METEOROLOGY, ETC. 


On the System of Forecasting the Weather pursued in Holland. By Profeswt 
Buys-Batot, Director of the Royal Netherlands Meteorological Institute. 


In the plan pursued in Holland, observations are taken at four principal place— 
Helder, Groningen, Flushing, and Maestricht. On the indications afforded at thex 
places the forecasts are based. The author remarked :—“ For every day of the yea’, 
and for every hour of the day, I have very carefully determined the t of thy 
barometer in the place of observation at that height above the sea where Itt 
suspended. This is a cardinal point not sufficiently observed in England, and 1 
at all in France. The difference of an observed pressure from that calculated ©, 
I call the departure of the preasure—positive when the pressure is , hegative 
when it is less. Those departures, besides the observations of the other instruments 
are communicated from post to post. The rule is now very simple. If the “er 
ures are greater (more positive) in the southern places than in the northe. 
greater at Maestricht or Flushing than at Groningen or Helder, the wind will bare 
a W. in ita name; when the departures are greater in the northern 1 places, the wind 
will have an E. in its name. More accurately, you may say, the wind wil 
nearly at right angles with the direction of the greatest difference of pressur 
‘When you place yourself in the direction of the wind (or in the direction of th 
electric current), you will have at your left the least atmospheric pressure (or 
north pole of the magnet). When the difference of pressure of the southern place 
above the northern is not above four millimetres, there will be no wind of a fore 
above 30 ]bs. on the square metre. Moreover, the greatest amount of rain will il 
when the departures are negative; and, at the where the departures & 
most negative, there also the force of the wind be generally stronger. Mor- 
over, there will be no thunder if the barometric pressure is not less than two mill- 
metres above the average height, and when at the same time the difference of the 
departures of temperature is considerable. These rules, and especially the first t¥o, 
were laid down by me in 1857, in the ‘Comptes Rendus’; and on the let of Jum, 
1860, the first telegraphic warning by order of the De nt of the Intenor ¥# 
given in Holland. It was unfortunate that those telegraphic warnings wert 0% — 
Introduced four days sooner, for in that case the first communication would bast 
been a first ing against the fearful storm of May 28, 1860, called the Finse- 
storm. All of you know how amply Admiral FitzRoy has arranged the teleem 
warnings all over England. The rules used in Holland have answered well, 
shown in the translation of a paper of Mr. Klein, captain of a merchant-ship. 
whereto I have added my observations and signals com with the signals 
Admiral FitzRoy. My own paper dates from June 1, 1860, and is extracted br. 
Mr. Klein; but I preferred that the less complete and precise of a precio 
man should be translated, because I thought that the seamen would t more ret 
ance on it. From the tables added to that translation, it appears that I have 
from my four stations just as Admiral FitzRoy has done from his twenty. It = 
however, be recorded that, besides those four stations, there are also some stazoa— 
Paris, Havre, Brest, in France, and Hartlepool, Yarmouth, Portamouth, Pi 
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in England—that send me their observations. Generally they arrive too late; and 
therefore they throw very little light on the forecasting”. ..... The author 
remarked that, for the future, “the normal heights of barometric pressure, or, 
better, of the barometers which are read, must be conscientiously taken; the 
observation must be made at more points once a day, and mutually communicated ; 
and at days when there are greatly different departures—that is to say, of three 
millimetres—or when there is change of inclination, there must be sent a m 

at noon or in the evening of the same dey. In all cases, not only the pressure in 
the morning, but likewise that at night should be given. A critical indication is 
when on the previous day the northern stations had greater departures, and on the 
following day the southern had greater de , even when the difference in the 
latter case was small. A caution should be given when the difference of the de- 
partures is four millimetres.” 


Description of an Instrument for ascertaining the Height of a Cloud. 
By Professor CHEVALLIER. 


This little instrument consists of two horizontal jointed rulers, graduated from 
the centre of the joint, the unit of graduation being the length of an upright aliding- 
Piece, moveable upon either of the rulers. One branch of the rulers 1s directed to- 
wards the shadow of a cloud, the horizontal distance of which shadow from the 
place of observation can be ascertained ; and the other branch, carrying the vertical 
eliding-piece, is directed towards a vertical line drawn through the point of the 
cloud which casts the shadow. The sliding-piece being now moved along the ruler 
till the shadow of its inner edge just touches the inner edge of the other horizontal 
ruler, we have on the ruler and slidi g- Piece an exact miniature representation of 
the known horizontal distance of the shadow from the observer (s), and the height 
of the cloud (4) above the horizontal plane on which the shadow falls. 

Hence if @ is the number of the divisions on the scale, and 1 the length of the 
aliding-piece, we have the proportion 

s:h::a:1, 
whence A=t 


a 


On the Path of a Meteorie Fireball relatively to the Earth’s Surface. 
By Professor Corrin, of Lafayette College, Eastern Pennsylvania. 

This meteor passed over the northern part of America on the 20th July, 1860, 
and was observed by different observers over a course of about 1000 miles. It 
was first seen at an elevation of 92 miles, then at 56 miles, and still lower after- 
wards at 39 miles. Its orbit appeared to be hyperbolic, and the paper described 
the various phenomena observed at the different stages of its progress until it 
traversed the distance of 500 miles over the sea. 


On Fogs. By J. H. Guapstons, Ph.D., FBS. 


The author had obtained additional returns of the occurrence of fog at different 
stations round the coasts of the United Kingdom; and on examining: these with 
those previously brought before the notice of the British Association, he had been 
led to some new generalizations. The most important of these are— 

lst. The distinction between general and JSogs.—A. general fog is found to 
occur at every or almost every station along a whole country-side, oxtendi 
usually one or two hundred miles, and often much more than that; while a | 
fog is marked at only one station, or perhaps at two very near together. There is 
mothing intermediate between these two lands of fogs ey do not pass insensibly 
one into the other; there is scarcely any record, in tact, of a fog visiting three or 
four stations and no more. Local fogs depend, no doubt, on peculiarities of the 
locality ; but it is difficult to draw just conclusions about them, as the peculiarities 
of the observer seriously affect the returns of them, and there is little or no check. 
A general fog, on the contrary, is at once recognized by the uniform occurrence of 
the same date in the lista, The fogs observed at the light-vessels at sea appear 
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to be almost exclusively of this general character, probably, beceuse there are 
fewer conditions at sea to create a fog over a limited area. The most exteniive 
fog which the author had traced was that of June 22nd and 23rd, 1861 ; it spread 

round England and Wales, except of the Suffolk and Norfolk ovast, all 


rather irregularly along the whole coast of Ireland. ; 
g ' certain aphical a 
There seem indeed to be certain parts of the coast that are peculiarly liable t 


ter or a leas distance right and left of this particular spot. Thus, in Ireland, 
m the lighthouses of which the author possesses daily returns for three yee, 
there are two special localities on which fogs seem to be in the habit of striking. 
One of these is the south-east corner, often the centre of a fog that covare the 
coasts of Wexford and its neighbourhood, and sometimes obscures the whole 
southern and eastern shores. other is the western half of the southem shore, 
the fog rarely extending on the one side beyond Minehead, or on the other sie 
beyond Valencia, except that it seems in the habit of visiting at the same time te 
prominences of Mayo. The northern and the north-west shore was very rary 
visited by fogs of any extent. From England and Scotland the author has ami- 
- lar daily returns for only the first half of 1861; and thus he has lees confident: 
in any generalization for these countries, especially as the Irish returns show the 
these fogs visit a particular coast very unequally in different seasons, Yet, during 
the period above mentioned, it is perfectly clear that fogs frequently made a lend- 
fall of the Suffolk coast, extending perhaps from the north-eastern bend of Norfolt 
down to Essex, appearing at all the numerous lightships and the principal 
houses along that side of the country. The most extensive fogs of the caste 
coast seemed to have their centre about Yorkshire, from which they etretched 


It would be at once interesting to the acientific man and usefal to the navigate 
to ascertain more accurately the limits of the areas peculiarly exposed to gezert! 
fogs, and to determine the meteorological conditions sen which the formation, cot- 
tinuance, and disappearance of theese fogs depend. youd showing in some cet 
a connexion between the Yorkshire fogs and a north-oest wind, the L 
done little towards tho solution of this problem; but he it as a0 ls 
portant inquiry to those ecisntific men who make meteorology their more speci! 
6 ye 


On Ozone and Orone Tests. By B. J. Lows, F.RAS., FDS. F.GS., § 

The present peper is a continuation of one read last on “the 
precautions in ozone observations,” and on “certain requisite corrections " belt 
the actual amount of ozone can be determined. A discussion as the seat 
bility of the testa, in which Professor Miller, Dr. Moffat, Mr. M. and othert 
took part, induced me to carefully consider this portion of the subject. It streck 
me that the tests of Schtinbein and Moffat must be incorrect, because they were mad? 
with the starch of commerce; and as, m the ordinary manufacture of starch, lim, 
\ sulphuric acid, and chlorine were used, ordinary starch could not be pure ences? 


_- -_ ed 
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for delicate tests; indeed, chlorine and also lime in combination with sulphuric 
acid have each the power of staining the preparation of starch and iodide of potas- 
sium. Ordinary iodide of potassium is often impure, and the material itself (gene- 
rally writi “paper) is far from being chemically pure. There has also been a 
want of uniformity in the proportions of starch and iodide of potassium employed 
by different observers ; in Bot the following are the formule :— 

Formula of Schénbein, 10 parts of starch to 1 of iodide of potassium. 

Formula of Moffat, 24 parts of starch to 1 of iodide of potassium. 

Formula of Lowe, 5 parts of starch (wheat) to 1 of iodide of potassium. 

I determined upon manufacturing the starch myself without the aid of the usual 
chomicals,-simply steeping the solutions in distilled water, which was repeatedly 
changed until pure starch 

, arrowroot, potato, arum, snowdrop, crocus, narcissus, tulip, and Byacinth, 
which were as pure as possible and as white as snow, To Mr. uire, 
Street, was entrusted the manufacture of pure iodide of Potassium, part prepared 
with water, and part crystallized several times from alcohol, The materials used 
were calico, specially prepared by Mr. Joseph Sidebotham, of the Strine Works, 
and a chemically pure photographie paper as well as a very porous paper. There 
was great difficulty in getting a chemically pure paper, as nearly all were worthless 
for these experiments. At the recommendation of Dr. R. D. Thomson, 15 grains 
of prepared chalk were added to each ounce of air-dried starch to prevent sour- 
ness. This precaution is requisite for uniformity of effect, as the intensity of action 
depends upon the amount of water contained in the starch. Thus,— 

ests made with air-dried starch became coloured with five minutes’ exposure, 

Tests made with starch dried by fire-heat for one minute coloured with seven 

minutes’ exposure, 

Tests made with starch dried by fire-heat for three minutes coloured with nine 


utes’ exposure. 

Tests made with, staroh dried by fire-heat for ten minutes coloured with thirteen 
minutes’ exposure. 

Teata made y with starch dried by fire-heat for thirty minutes coloured with twenty 
minutes’ exposure. 

Tests made with air-dried starch, with chalk added, eoloured with twenty minutes’ 


exposure, | 

Having so far succeeded, I next tried a mixture of 10 parts of starch to 1 of iodide 
of potassium as a dry-powder test; ten minutes’ exposure in the open air showed 
that the powder tests were a success, being more sensitive than the test-slipe, 

My next determination was with to a proper formula, s. e. what strength 
would colour quickest. Powders of different strengths were prepared, verying in 
the proportion of iodide of potassium and wheat-starch, beginning with equal por- 
tions of each, and as far as 80 parts of starch to I of iodide of potassium. 
It was found that 1 part of iodide of potasainm to 5 of wheat-starch was invariably 
the darkest, the d of density diminishing in either direction when other strengths 
were used; thus, I to 4} or 1 to 5} were neither so dazk. Other starches require a 
a The next series of experim th the view of tho effect of 

e next series of experiments were wi view of ascertaining the effect o 
various acids, and other chemical substances, on the ozone powders when 
under the same bel]-glass; and the result was that hy oric acid, nitric acid, 
nitrous acid, chloride of lime, phosphorus, iodine, carbunate of iron, or limestone on 
which an acid had been poured, each coloured the tests rapidly, whilst sulphuric 
acid, piseial acetic acid, carbonate of lime, carbonate of iron, and ammonia produced 
no effect on the powders. It was remarked that the powder tests had the advan- 
of being more sensitive, and that they also retained their maximum colour, not 
erwards fading, as is the case with the testa of Schinbein or Moffat; and there 
is yet a more important advantage to be mentioned, for by their aid we are enabled 
to say what colours the tests, and whether it is really ozone. In the experiments it 
was found that a different colour was imparted to the powder, and that the colour 
penetrated deeper according to what coloured it; so that differences of effect took 
place by which the different materials used might be recognized, which could not be 
seen by the use of test-slips. Thus,— 
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Top1ng, although coloured 8 brown-black, was merely a surface-covering, below 
which the powder was colourless. 

PxHosPHorvs.— Blush black on surface only, below almost colourless. 

CHLORIDE oF LimE.— Deep brown on surface only below slightly yellow. 

Hyprocwtoric Acip.—Grey-pink on surface only, below orange. 

NITRIC Aci.— Dark red-brown, extending slightly into the powder, below 

Cc 

CaRBONATE OF IRON WITH GLaci4L ACETIC AcID.— Yellowish brown to thick- 

ness of cardboard, below btsff- 

LImEsTONE wiTH SuLtPHuRic AcwD.—Pale brown to thickness of cardboar, 

below shghtly stained. 

CARBONATE OF [non witH SuLPHuRiIc Aci.—Black to depth of } of an inch. 

Nitrous Acw.—Dark brown more than the eighth of an inch deep, below y- 

lowish brown. 

Nirric ACID MIXED WITH OzonE PowpERr (both exposed and unexposed).— 

Blue-black the sixth of an inch deep, below reddish brown. 

The above experiments may require modification, yet they show differences » 
striking as to open up a new method of investigating ozone. The action of ozen 
on the dry-powder tests is somewhat analogous to that produced by nitric acid; yet 
dilute nitric acid, when ten times stronger than the French p ilosophers declare # 
the proportion present in the air, does not colour the tests. It seems probable thst 
whatever colours the tests is always present in the air, as on no occasion hes my 
sensitive d der test failed to show its presence, even when test-slipe have r- 
mained uncoloured for some days. Its varying intensity may be attributed to ar- 
cumstances acting for or against its visibilit . Thus an increase of temperature 
from the increase chemicat action should show an increase of ozone. An increase 
in the velocity of air will increase the amount of ozone, bécause a greater number 
of cubic feet of ozonized air passes over the test in a given time. To a certain et- 
tent the increase of moisture will favour the development of ozone, beyond which, 
when the air becomes saturated, a minimum will result. Most ozone at Hi 
House occurs with a §. wind, and least with a N.E. wind. The maximum amoutt 
of ozone is attained when the barometer is at its lowest readings, and the mmmm 
when at its highest. This may be owing (and, no doubt, is in part) to the incresel 
velocity of a S. wind over that of a NE wind, its in tem and 
moisture. Supposing the amount of ozone in a cubic foot of air to be represented 
by 5 at a pressure of 20} inches, ought it not to be more than 5 when this pressurt 
is increased, and Jess than 6 when diminished P—yet the contrary is shown to result 
in practice. 


On the Connexion that exists between Admiral FitzRoy’s “ Caution Telegrams” 
and the Luminosity of Phosphorus. By Dr. Morrar. 


On a Free Air Barometer and Thermometer. Devised by the Abbé Jxannr: 
exhilited and explained by the Abbé Moreno. 


It consisted of a siphon of about the bore of the tube of a maximum therm 
meter, one branch of the siphon open to the air, the other branch furnished with 
two bulbs, one at top for air, the other near the bend at the bottom full of mercury; 
with a little glycerine oil, or other fluid not capable of acting on or absorbing the 
air of the upper bulb, floating on the surface of the mercury. The two bulbs ar 
ro proportioned in capacity, that the changes of the volume of the air in the uppé 
bulb by changes of temperature are exactly compensated by the increased presi 
of the mercury by the same cause, so that, as far as temperature is concerned, the 
surface of the mercury or glycerine between the bulbs shall remain fied 
or unaffected. The branch then between the bulbs becomes a simple sympi 
meter or preesure-barometer, while the open straight branch becomes 4 téJ 
sensitive thermometer. 


On a Metallic or Holosterie Barometer. Constructed by M. Navper; 
exhibited and explained by the Abbé Moreno, 
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Meteorological Observations recorded at Huggate, Yorkshire. 
By the Rev. Tuomas Rarxry. 


This was the series for 1862, similar to the series which had been for several years 
furnished to the Association by the author. 


On a new Revolving Scale for Measuring Curved Innes. 
By H. ScuuaGintwelr. 


This instrument consisted of a small brass wheel revolving in a short handle, the 
circumference, about 2 inches round, having a number of very short steel pins 
inserted radially, the number depending on the scale to which it was desired to 
naeasure the curve; and the side of the wheel having graduations corresponding to 
the pins on the circumference, the zero and other remarkable divisions being di 
tinguished from the lesser graduations. The author entered into « minute detail 
of the several graduations it would be desirable to adopt to suit English, French, 
and German measures required for mape, courses of rivers, routes of travellers, and 
nieteorological and other curves requiring to be measured or reduced to particular 
ecales. He also entered into a comparison of this little roulette with “ Elliott’s 
¢ Ypisometer,” and the more complicated apparatus invented by Doppler and 

acquard. 


On a Proof of the Dioptrie and Actinic Quality of the Atmosphere at a High 
Elevation. By Professor C. Prazzr Suyra, F.AS. 

The chief object of the astronomical experiment on the Peak of Teneriffe, in 
1856, was to ascertain the degree of improvement of telescopic vision when both 
teleacope and observer were raised some two miles vertically in the air. Distinct 
accounts have, therefore, already been rendered as to the majori of clouds being 
found far below the observer at that height, and to the air there being dry, and in 
80 stead i state and homogeneous eyion peor that stare, when viewed in a 

we escope with a high magnifyin wer, almost always presented clear 
End well-defined minute discs, surrounded Sith regularly formed rings,—a state of 
things which is the very rare exception at all observatories near the sea-level. 
Quite recently, however, the author has been engaged in magnifying some of the 
photographs which he took in Teneriffe in 1856, at various elevations, and he finds 
an them an effect, depending on height, which adds a remarkably independent con- 
firniation to his conclusions from direct tel ic obeervations. The nature of the 
proof is on this wise :—At or near the sea-level a photograph could never be made 
to show the detail on the side of a distant hill, no matter how marked the detail 
might really be by rocks and cliffs illuminated by strong sunlight; even the ap- 
plication of a microscope brought out no other feature than one broad, faint, and 
nearly uniform tint. But on applying the microscope to photographs of distant 
hills taken at a high level in the atmosphere, an abundance of minute detail a 
peared, and each little separate “ retama” bush could be distinguished on a hill- 
side 4} miles from the camera. Specimens of these photographs thus magnified 
had been introduced into the newly published volume of the ‘Edinburgh Astro- 
nomical Observations,’ four of them being silver-paper prints, and the fifth a prees- 
print from a photoglyphic plate, kindly prepared and presented by Mr. Fox Talbot. 


On the Comparison of the Curves hoe by Self-recording Magnetographs at 
Kew and Lisbon, for July 1863. By B. Stewart, FAS. 

One point of interest in this comparison is, that a disturbance began at both 
places at precisely the same moment of absolute time; and a second point is, that 
there is great general similarity between the two curves of north and south dis- 
turbance, while in the east and west disturbance-curves the likeness is much lees 
marked, and it scarcely appears at all in the vertical-force curves. An extremely 
interesting feature of the Lisbon curves of vertical force and east and west force is, 
that the one is nearly exactly the reverse of the other, a peak of the one - 
ing in time to a hollow in the other, a hollow to a , and eo on throughout the 
disturbance, which extended over twelve days. or Capello, of Lisbon, remarks 
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that this fact may be expressed by eaying that the whole di ing force acts in 
one , Which is evident inasm uch as the two components alladed to ar in 
one ine. The comparison of these curves is believed to confirm results which hare 
been obtained, without the aid of photograph , chiefly through the sagerity of 
General Sabine; for it appears that at Lis » the vertical force and east and west 
force are affected by only one type of disturbance, while the north and south 
force is under the influence of two different types; and it is believed that at Kew 
both types operate upon each of the three elements. 


On a Mercurial Air-Pump. By J. W. Sway. 
In general arrangement and appearance this instrument resembles a barometer, 


-valve o outward, and has also a tube with a stopoock communicatn; 
with the veaal tobe exhausted. The vacuum-chamber, tube, and a portion of tk 


Th 

tabe ¢ 

tube containing the mercurial column. The inlet pipe entering the lower rest- 
0 


voir is 

ump is effected by opening the outlet pipe so as to permit the mercury to race 
the vacuum-cham rand escend to t 2 barometric level, displacing the wate? 
from the lower reservoir. Then the vacuum formed having been taken advantage 
of by opening the communication between the vacuum-chamber and the ves! 
be exhausted, the original condition of things is restored by closing the outlet pipe 
of the lower reservoir, and opening the inlet, so as to supply water at a high pre- 
sure, which will force the mercury to rececupy the vacuum-chamber, the valve # 
the top allowing the exit of its more or lees ates gapeous contents. t 

ently repeated, will, no doubt, give a very perfect vacuum, 

there is no ction, of the nature of a valve, between the vacuum-chamber ent 


entirely of wrought iron; among its advan were small cost and simplicity, # 
efficiency not depending ‘upon fine workmanship. 


Description of the Experimental Series of Rain- Gauges erected at Calw. 
By G. J. Symoma, 


at which to place the above the ground, and, if possible, the corectiet 
requisite to the ofeervations made st other elevations to what they wu 


or lip, 6 in., 8 in., 12 in., and 24 in. in diameter, and equare ones of 252 
Ph area. These are all placed at the same height above the grou 
(1 foot), and are very near to each other. The elevation series consists of nx 
of 8 in. diameter, placed at the following heights above the ground, T- 
2 in., Gin, 1 ft, 2f., 8 ft, 5f., 10ft, and BOF ; and at some distance hot 

each other. A second gangs of 5 in. diameter is laced 90 ft. above the ground, 
order to ascertain if its indications at that height bear the same ratio to ax 6-0 
Sreltion, treo from tho tnfles The instruments being erected in a very faroanl 


freo from the influence of trees or and elovated on pasts 
that the results will be more reliable avai for the 
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On a New Marine and Mountain Barometer. By W. Sruons, F.C.S. 


The barometer shown is a modification of the portable standard siphon-baro- 
meter introduced by the author a few months since, and deacribed in various pe~ 
riodicals at the time. It is an tation of Gay-Lussao’s; but instead of having 
a vernier and scale to each tube of the siphon, an internal continuous metal tube 
is adjusted by a rack to the surface of the mercury in the short limb of the siphon 
and the pri is then read off’ in the viding thy by “be reading scale attached 
to the top of this internal tu us avoidi e dou and necessary 
caleulation of Gay-Lussac’s. There is, also, a very simple but effectual method of 

ing the barometer portable by means of a leather plug on a steel wire, attached te 
a small handle at the side; by shifting this handle about one-fourth of an inch, the 
flow of mercury is completely stopped. Marine barometers, as generally con- 
structed, have been fractured by sudden concussions, as by firing s large gun; this 
arises, no doubt, from the necessity of fixing the tabe firmly into the cistern. In 
the berometer shown this is obviated, as the tube need not be rigidly fixed, but 
may be supported in any point by elastic material, without deranging the accuracy 
of the instrument. 


On a Masimum Thermometer with a New Index. By W. Symons, 7.0.8. 


Although there are two well-known and ingenious ents for maximum 
thermometers without indices, yet the constant demand for thermometers with in- 
dices shows at least a populer for them. There are, however, certain 
objections to those most gene in use, Steel not only corrodes, but its specifi 
gravity is tog great. Graphite been much used, and if it be pure, it a 
to answer every purpore j but oceasionally there exist in it impurities which ap- 
pear to corrode mercury end soil the tube, The author made 8 great 
number of experiments on the subject, and thinks he has now in 
making a composition, the basis of which is clay, which fully answers the pur- 

3 for the sake of distinction, as it somewhat of the character of stone, 
@ has named it “lithite.” A consi @ number of these thermometers have 
now been distributed, and as yet there has been no failure. 


On te Result of Reductions of Curves obtained the Solf-recerding 
Eleetrometer at Kew. By Professor W. tnomsor, F.RS. 

The author said, that all the photographs up to last March had been reduced to 
numbers, and the monthly averages taken. month shows & maximum in the 
morning, sometimes from 7 to 9 A.M, and another in the evening, from 8 to 10 p.x. 
There are pretty decided indications of an afternoon maximum, and another in the 
amall hours after midnight, but the irregularities are too great to allow any conclu- 
sion to be drawn from a mere inspection of the monthly averages. He intended to 
calculate three terms, if not more, of the harmonic series for each month, and thus 
be able to judge whether the observations show any consistence in a third term 
(which aloze would give four maxima and four minima), or a first term (which 
alone would give one maximum and one minimum in the twenty-four hours). 
There is a very decided winter maximum and summer minimum on the , 
av for January is more than double of that for July. This part 
the subject will also require much labour to work it out. In the redactions 
hitherto made he had included negatives with positives, and all the sums have 
been * ” (<¢. with the negative terms subtracted). Very important 
results with reference to meteorology yu no doubt, be obtained by = 

e negative indications se ; an taking monthly ave- 
rages of the readin ‘alone. % of the subject he bad not been 
able to a at all yet. Nor bad he yet been able to go through a comparison of 
the amounts of effect with wind in different quarters. 
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CHEMISTRY. 


Address by A. W. Wrutamson, F.R.S., President of the Chemical Soctety, and 
Professor of Chemistry and of Practical Chemistry in University College, 
London. 


Berore the Section enters upon the business for which it meets, viz. the cons- 
deration of papers and reports upon special branches of chemistry and the chemical 
arta, it may not be unacceptable to cast a brief and cursory glance at some few 
topics illustrative of the tendencies of chemical science during the last few year, 
and of ita applications to some of the manufacturing arts. 
One of the most remarkable features of the progress of our science is the rapd 
rate at which materials have been accumulating, by the labours of chemists in the 
so-called organic department of the science. The study of the transformation f 
organic bodies leads to the discovery of new acids, new bases, new alcohols, new 
e 


new substances are found to possess properties which can at once be applied to 
practical manufacturing purposes, su 


are constantly coming in to fill up the gaps which still disfigure our growing syste. 
In mine 


atomic weight of elementary bodies generally, required us to adopt for oxyge 
sulphur numbers twice as great as th i 


conclusions gained but few adherents. It is to be observed that for some years 
Gerhardt represented chemical reactions by so-called synoptic formulm, which took 


in the simplest terms the result of a chemical reaction i but they give no phys 
ut. 


admirable ‘Traité de Chimie Organique,’ a system of organic chemistry on 
plan, and his book has been of immense service to the development of our scicnc®. 


TRANSACTIONS OF THE SECTIONS. 29 


The éxtension of these principles to mineral chemistry had been commenced in the 
cases of the commonest acids and bases, but their general introduction met with 
difficulties, and something seemed wanting to their complete success. 

I must now travel southward for a short time, and ask you to accompany me to that 
sunny land of glorious memories, and to its southern dependency the d of Sicily. 
It was reserved for Professor Cannizzaro, of the University 0 Palermo, to show us 
how the remainder of the knot could be untied. He argued, upon physical as well 
as chemical grounds, that the atomic weights of many metals ought to be doubled, 
as well as those of oxygen, sulphur, and carbon. His conclusion is confirmed b 
the constitution of those organo-metallic bodies which I mentioned just now, and it 
certainly does seem to supply what was still wanting for the extension of our system 
of classification from the non-metallic elements to the heavy metals themselves. 

The elements are now arranged into two principal groups :—lst, those of which 
each atom combines with an uneven number of atoms of chlorine or h n; 
2nd, those of which each atom combines with an even number of atoms of chlorine 

by n. Like every classification founded upon nature, this one draws no 
absolute line, as some elements belong to both classes. The first group includes 
the monatomic elements of the chlorine family, the triatomic elements of the 
nitrogen family, hydrogen and the alkali metals, silver and gold, in all about 
eighteen elements, The usual atomic weights of these are retained. The usual 
atomic weights of all the other elements, biatomic, tetratomic, &c., are doubled. 
This second group includes the oxygen family, carbon, silicon, and the alkaline 
earths, the metals, zinc, iron, copper, lead, &c. 

Every step in our theoretical development of chemistry has served to consolidate 
and extend the atomic theory, but it is interesting to observe that the retention of 
that theory has involved the necessity of depriving it of the absolute character 
which it at first possessed. Organic compounds were long ago discovered con- 
taining atoms of carbon, hydrogen, and oxygen in proportions far from simple ; and 
the atomic theory must have been abandoned but for the discovery that the atomic 
or, rather, molecular weights of these compounds correspond invariably to entire 
numbers of the elementary atoms. We now use the term ‘molecule’ for those 
groups which hold together during a variety of transformations, but which can be 
resolved into simple constituents; whilst we receive the word ‘atom’ for those 
particles which we cannot break up, and which there is no reason for believing that 
‘we ever shall break up. 

Amongst the most brilliant extensions of our means of observation have been the 
researches in spectrum analysis. The application of these beautiful methods to the 
investigation of minerals has already led to the discovery of three volatile metals 
which had previously escaped observation, whilst ita extension to the investigation 
of the light which reaches our planet from the heavenly bodies has led to the 
recognition, in several of them, of elements identical, in thi reepect at least, with 
some of our elements in this earth. An eminent French chemist has recently taken 
occasion, in reporting the results of some researches on the new metal “ thallium,” to 
volunteer insinuations against Mr. Crookes’s claim to that discovery. M. Dumas 
considers it corroborative of his views that Mr. Crookes did not refer the considera- 
tion of his claims, on the first opportunity, to a jury of gentlemen, formed for exa- 
minin products of manufacturing industry at the National Exhibition of 1862. I 
Lave felt it my duty to allude publicly to this proceeding, because it occurred in 
a report of a commission of the French Academy, published by order of that 
distinguished body. All chemists have, however, adopted the name “ thallium ” 
which Mr. Crookes gave to the metal when he first discovered it. 

Before proceeding from the scientific and intellectual progress of chemistry, I 
must beg leave to refer briefly to the educational effects of that progress. Little, 
indeed, would our conquests over nature avail us if they were only known to the 
systematic cultivators of science, and only used by them; and unless the popular 
dissemination of knowledge keeps pace with its extension, the chief fruits of that 
extension will be lost. It would be unjust to deny that some important steps have 
been taken of late years, by various governing bodies in this country, towards giving 
to experimental science a position in national education ; but these steps are only 
the beginning of a reform in education, which must go much farther in order to be 
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effectual. “In illustration of what has been done, I may mention the simissca o 
chemistry and physics into the list of subjects of ex tion for various Gover- 
ment appointments, civil and military; but the small value which the frame d 
the schemes placed upon these sciences, compared to mathematics, is but too plainly 
shown by the small number of marks which they assign to the utmost recognived 
proficiency in them; so that the effect of the recognition is tantamount to mying. 
‘We can’t hel acknowledging these sciences, but we want to enecurage th 
stud of them as little as poseib . ractitioners he ions, who infinencs the 
studies e rising generation © oners ir examinations, have no 
only recognized the necessity of a thoro knowledge of chemistry, but many d 
them require the knowl be not only in the lecture-room, but pe 
alao in the laboratory. The University of London is specially to be noticed for the 
beneficial influence which it has exerted in this direction in ite medical examm- 
tions; but more particularly for the institution of the new d of Bachelor snd 
Doctor of Science, which acknowledge, for the first time in this country, the phr- 
sical and natural sciences as entitled to equal recognition with classical and mathe 
matical studies for purposes of general education. These influences have no doubt 
contributed materially to the introduction of chemical instruction, and even d 
practical chemistry, into junior schools, which has been going on so extensively d 
te years. It is, however, consolatory to observe that a more influence 
than any of these is at work, vis. the popular appreciation of ite real value, gr 
dually raising physical science to the prominent place in national edueation whid 
it oiucati vis intoned repare le for a life of usefulness, in wht 
ucation tended to efor a eas, in W. 
their various faculties may be Emplo oa to the benefit of their fellow-men, and cot- 
sequently to their own, there can be no doubt of the value of teaching them & 
observe, to recollect, to arrange the phenomena of the physical world, and to apps 
the knowledge and skill thus acquired to practical Urposes. No phenomens 
can be brought within the observation o everybod! y ine 
are so simple in their nature, no reasonings more definite tangible, or more 
easily controlled by special observations, than those of chemistry; and the scien 
affords, probably, scope for a more thorough training of the various faculties of th 
mind than can » supplied in schools by any other means. 

Among the chemfcal arts much has been doing, but, as wal, in « quiet, ude 
monstrative way. First and foremost among improvements I must mention the 
introduction into one manufacture after another, of those admirable furnacesinveated 
hy Mr. Siemens, and generally known as regenerative furnaces. Whether we 
consider them from the point of view of the economy of fuel, or whether a afford- 
ing the means of attaining temperatures beyond the of other fumaces, there 
can be no doubt of the immense value of this invention. Heat is the great scuttt 
of power in almost all our dealings with in © matter, and I have not t 
slightest doubt that the power over heat given by these regenerative furnace wil 
revolutionize many a chemical art. 

The manufacture of iron, and its subeequent treatment for the removal of #- 

has been of late years the subject of many experiments Various plas! 
ave been proposed for avoiding the injurious effects of the mineral impurities d 
our coal, by using gas for the reduction of the iron ores. In this country, howertt 
the manuffcture of cast iron is carried on in such vast quantities that change it 
the processes must meet with great resistance. The laborious and expensive proces! 
of puddling hitherto adopted for burning out the carbon from tron je bene 
ually superseded by one or other of the following :—either by treating the moltet 
pigs with oxide of iron until the carbon is removed as carbonic oxide, or by Best 
mer’s process of blowing air through the molten cast iron. In either easo it is & 
sirable to add some n to the malleable iron in order to render {it more 
and for this purpose the best material is the m rous carburet of fron, knw 
by the name of “Splegeleisen,” of which en is used to make a low sted! 
& ec n. 


ut 3 Per cent. 0 
One of the most interesting novelties in metall is the manufacture of olest- 
nium, now carried on for the sake chiefly of its alloy with copper, by the di | 
gentleman who holds the office of Mayor of Newcastle. The mechanical proper | 


ws 2 S&S 


—~ — __ — ~— — —_ —~ ~ 


TRANSACTIONS OF FHE SECTIONS. 


ef this so-called aluminium bronse give it great value, and it syer 
much favour for its ap ce. . Bell also rendered ne 
science by collecting a uantity of that wonderful new metab {ually ; 

ing several new salts. ong alloys, a variety of brass contaltitg.a smi 
quantity of iron has recently attracted considerable attention. The alloy is by no 


sugges 

by abstract science, succeed only in finding how to lose money. It does indeed require 

3 caution, of knowledge of theory with 
practical experience of the conditions of ordinary working, to carry such experi- 
ments to a definite and useful issue. Such rare combinations of qualities have 
existed in Mr. Lawes; and when we recollect that by associating Dr. Gilbert with 
his labours he obtained the cooperation of an able and accompliahed chemist, we 
have no longer reason to wonder that the results of twenty years’ continuous ex- 
periment, conducted on an ample scale, with the most scrupulous care and systematic 
order, should have led to the establishment of results so numerous and im t 
a to becure for Mr. Lawes the highest rank among the founders of scientific agri- 


In speaking of the chemistry of agriculture, I cannot omit alluding to the writings 
of Liebig, which have wondered such important services by bringing vividly before 
the English agriculturists what was known of the chemistry of farming, and several 
ingenious and suggestive theories relating to practical agriculture. In the intyo- 
duction to the last German edition of his ‘ Agricultural Chemistry,’ Liebig ere 
in terms of studied disrespect to the investigations of Mr. Lawes, and while mis- 
quoting a paragraph in one of Mr. Lawes’s publications, endeavours to convey the 
impression that that gentleman was unacquainted with the correct tse of the term 
‘¢ mineral,” and had misunderstood Liebig’s mineral theory; which he is generally 
considered to have disproved. I mention this circumstance with pain, and have 
no doubt that all who value Liebig’s truly important scientific labours will regret 
it as much es I do. 

Another practical question which science has latterly brought prominently before 
the attention of the public is that of the utilisation of the drai of towns, It 
is estimated that the quantity of nourishment for plants wasted in London alone in 
this form is worth about a million sterling per annum; but this valuable material is 
contained in so large a quantity of water, that no plan has come into werking for 
calght with edvadtage bo conveyed through pipes for use in the Selda,expoodal 

ght van conve use in the y 
meadow land, to witch it is moet cal , e. Baron Liebig has written a 
letter on the subject, which was ed by Alderman Mechi to the ‘ Journal of 
the Society of Arts,’ containing a Proposal to mix the liquid with osphate 
of lime before distributing it, by which he considers the value of the con- 
stituents already contained in the liquid will be ically increased. It is, how- 
ever, not likely that the opinion of a chemist decide the authorities to adopt 
an experimental scheme of the kind, a it is really rather an ing ead come- 
mercial than a chemical question. The test of value commercially, is how 
much an article will fetch, and the data of this kind before us do not lead to thé 
anticipation of a profit at all approaching to what theory suggests from the sale of 
this refuse. At Groydon (a town of about 18,000 inhabitants) it appears that the 
nse of the whole sewage has only added about a thousand pounds to the rent of a 
farm on which it is used. 

Another refuse material which has already come to possess great value is coal- 
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tar. Not only is our chief supply of ammonia, the food of planta, derived from 
that source, but those brilliant and varied colours which are now 80 much in we 
for dyeing silk also owe their origin indirectly to the same source. There is perhaps 
no more striking instance of the benefits which ultimately arise even to the mant- 
facturing arts, from every complete investigation of chemical substances, than is 
afforded by those beautiful dyes which have sp up today from aniline, which 
yesterday was a chemical novelty in the hands of a first-rate investigator. 


On some Results of Experiments on Lucifer Matches and others ignited by 
Friction. By Professor Anzx, FES. 


Having mentioned the components of the frictional composition, or the heal: 
of the principal English and Foreign matches, he went on to notice the 
causes of accident in the transport of matches. The result of experiments provel 
that no degree of heat to which, under all ordinary circumstances, matches wete 
likely to be exposed in their transport or otherwise, would suffice to lead to ther 
spontaneous ignition. It was quite within the range of possibility, however, thst 
on board ship continuous concussion, combined with a degree of heat, might brn 
about accidental ignition of matches, while it might be ted that the accidents 
ignition of one or two boxes in securely closed cases might frequently occur alma: 
without a ossibility of fear of its epreading to other boxes. A knowledge of the 
causes of the accidental ignition of gunpowder and other explosives rendered it 
advisable that such precautionary measures as were obvious and easily observed 
should be attended to in the shipment of matches, with the view of reducing sh 
occurrences to the minimum extent. Some of those steps he specified. The fit 
was the appropriation of a place for the reception of suc kagea, distinct from 
all other merchandise. Secondly, the efficient ventilation o that part of the vese! 
in which matches were stowed. Thirdly, the enforcement of rules to prevent fr 
being brought by sailors within the vicinity of the matches. Fourthly, the care 
fully of the match-boxes into cases, so as to prevent any independes! 
motion. And, fifthly, the bestowal of more uniform attention on the production «f 
stout ¢ and sufficiently stable match-boxes, and on the packing of the matches 11! 
the boxes. 


On the Impurities contained in Lead, and their Influence in tts Technical Uxs. 
By W. Baxzn, F.C.S. 


Having noticed the characters by which pure lead is known, the author proceeds! 
to point out the impurities which render it hard, and what elements may eu# #2 
it without impairing the qualities which render it suitable for ita various 
uses, The substanses which commonly impart hardness to lead are sulphur, st 
mony, and arsenic. Copper, if alone, does not much affect the softness of lel 
Iron also, in the absence of sulphur, is not found in sufficient quantity to prodoe 
hardness, Refining processes for impure lead are essentially oxidizing proces™ 
When the antimon in mot _mare than 1 to 2-070, as in Derbyshi a leat, 

igs are placed on the of the ordinary reducing furnace and melted down 
Feo access of air. The separation of the lead from ite impurities being effected 
taking advantage of the difference between the melting-points of lead and the ms 
sulphides, the latter are left on the bed of the furnace, whilst the purified lead in# 
oxidizing atmosphere runs into the pot. The writer has introduced an oxidint¢ 
nt for effecting the softening of slag-lead as it is tapped from the blast-farms~ 

e softened lead is treated by Pattinson’s process for the concentration of lve 
It is highly important for certain technical uses that lead should be practically fe 
from copper. than 2 oz. per ton will produce a pink tint on white-lesd «* 
rosions, and good red lead for glass-making should not contain more than | 0 Pf 

n. 


On the Manufacture of Aluminium. By I. L. Butz, Mayor of Neweasll 


progress of the manufacture of this—so far as the arts are concemed—®" 


The . 
metal has scarcely been such as to require much to be added to those adminble 
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researches bestowed upon the process by the distinguished chemist, M. St. Claire 
Deville, of Paris. Upon the introduction of its manufacture at Washington, three 
and a half years ago, the source of the alumina was the ordi ammonia-alum 
of commerce (a nearly pure sulphate of alumina and ammonia). Exposure to heat 
drove off the water, sulphuric acid, and ammonia, leaving the alumina behind. 
This was converted into the double chloride of aluminium and sodium by the pro- 
cess described by the French chemist, and practised in France, and the double 
chloride was subsequently decomposed by fusion with sodium. Faint, however, as 
the traces might be of impurity in the alum itself, they to a great extent, if not 
entirely (being of a fixed character when exposed to heat), were to be found in the 
alumina. From the alumina, by the action of chlorine on a heated mixture con- 
sisting of this earth, common salt, and charcoal, theee impurities, or a large propor- 
tion thereof, found their way into the sublimed double chloride, and, once there, it 
is unnecessary to say that, under the influence of the sodium in the process of re- 
duction, any silica, iron, or phosphorus found their way into the aluminium sought 
to be obtained. Now it happens that the presence of foreign matters, in a degree 
so small as almost to be infinitesimal, interferes so largely with the colour as well 
as with the malleability of the aluminium, that the use of any substance containi 

them is of a fatal character. Nor is this all, for the nature of that compound 
which hitherto has constituted the moet important application of this metal— 
aluminium-bronze—is so completely changed by using aluminium containing 
the impurities referred to, that it ceases to possess any of those properties whi 

render it valuable. As an example of the amount of interference exercised by very 
minute quantities of impurity, it is perhaps worthy of notice that very few varieties 
of copper have been found susceptible of being employed for the manufacture of 
aluminium-bronze ; and hitherto the author has not, nor have they in France, been 
able to establish in what the difference consists between copper fit for the produc- 
tion of aluminium-bronze and that which is utterly unsuitable for the purpose. 
These considerations have led us, both here and in France, to adopt the use of an- 
other raw material for the production of aluminium, which either does not contain 
the impurities referred to as so prejudicial, or contains them in such a form as to 
admit of their easy separation. is material is Bauxite, so called from the name 
of the locality where it is found in France. It contains , 


SU Ce: 28 
Titanium ........ 0... cece cee cece once uccenes 8-1 
Sesquioxide of iron. .......... 0c cscs cece cease 255 «. 
Alumina 2... cece cw cece eee eee ae ens 57°4 
Carbonate of lime ............ ccc cece eccoes 0-4 
TN) 10°8 
100-0 


The bauxite is ground and mixed with the ordinary soda-ash of commerce, and 
then heated in a frnace. The soda combines with the alumina, and the aluminate 
of soda so formed is separated from the insoluble portions, viz. peroxide of iron, 
silico-aluminate of soda, &c., by lixiviation. Muriatic acid or carbonic acid is then 
added to the solution, which throws down pure alumina. The remainder of 
the process is precisely that which is described by M. St. Claire Deville. The 
alumina is mixed with common salt and charcoal, made into balls the size of an 
orange, and dried. These balls are placed in vertical earthen retorts, kept at a red 
beat, and through the heated contents chlorine gas is passed. The elements of the 
earth, under the joint influence of carbon and chlorine at that temperature, are 
separated—the carbon taking the oxygen, and the chlorine the aluminium. This 
latter substance, accom ied by chloride of sodium, sublimes over, and is collected, 
as a double chloride of aluminium and sodium. In small iron retorts, kept at as 
high a temperature as iron can bear, a mixture of soda (carbonate of soda) and carbo-~ 
naceous matter, with alittle ground chalk, is placed. The metallic base of the alkali 
distils over and is collected in coal oil. A portion of the double chloride and sodium, 
along an fluxes, is exposed to a full red heat in a reverberatory furnace. The, 
1863. 
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Aluminium is need in sufficient quanti to keep the only work im England—vs. 
y em 


that at Washington—-pretty active oyed. Asa su for works of art, 
when whitened by means of hydrofluoric and phosphoric acid, it well 
adapted, as it runs into the most i and has the atvantage 


ing its colour, from the absence of all tendency to unite with salphu, ot 
Become affected by sulphuretted hydrogen, as happens with silver. 

A large amount of the increased activity in the manufacture referred to is du: 
the exceeding beauty of the compound with copper, already spoken of, which is» 
like gold as scarcely to be distingui e from that metal, while it possesses the 
additional valuable property of being nearly as hard as iron. 

This alloy, or aluminium-bronze as it is termed, is a discovery of Dr. Join 
Percy, F.R.S., and appears to be a true chemical compound. Copper is melted 2 
a plumbago crucible, and after being removed from the furnace, the solid alammim 
is added. The union of the two metals is attended with such an increase of ten- 
perature that the whole becomes white hot; and unless the crucible containing 
mixture is of refractory material, a vessel which has resisted a heat sufficient & 
effect the fusion of copper melts when the aluminium is added. 

Mr. Gordon was the first, it is believed, who detected and determined the amout 
of tension wire of aluminium-bronze was capable of resisting, which he found to 
between that of the best iron and the best steel wire. Colonel Strange, of the Ron 
Astronomical Society, investigated its properties, which were given in a very & 
paper in the ‘ Transactions’ of that body. Ite malleability, ductility, and capabibty 
of being finely divided and engraved upon, along with ite great strength, induced 
che Colonel 7 recommend ita adoption in the theodolite in the Trigonometial 

urvey of India. 

At the Elewick Ordnance Works, Captain Noble, R.A., confirmed previous 4- 
periments on the capability of aluminium-bronze to resist longitudinal end tran 
verse fracture, and in addition to this he ascertained that its position to withsax 
compression stood halfway between that of the finest steel and the best iron. 

e bronze containing ten parts of aluminium and ninety of copper affords a 
alloy endowed with the greatest strength, malleability, and ductility. The coow 
of the copper is affected by a very trifling addition of the other constituent, a 
the alloy gradually improves in these valuable qualities just mentioned until 
proportions given above are reached. After this, s. e. when more than 10 per cett 
of aluminium enters into the composition. of the bronze, the alloy gradually be 
comes weaker and less malleable, and at length is so brittle that it is easily pounded 
in a mortar. 


On Thallium. By I. Lowratan BELt. 
The persevering labours of Mr. W. Crookes in connexion with this newly & 


covered metal had shown it to exist, in notable quantities, in a sublimate fousd 2 
flues leading from the kilns, in which certain kinds of pyrites are treated for obtal 
ing sulphuric acid. The author caused the substance found in the apparatus 0 
nected with the leaden chambers at Washington to be examined, and ascertaliing 
that thallium really was present, he requested M. Henri Brivet, the chief of the 
laboratories at Washington, to continue the researches and prepare a sui 
uantity both of the metal and of its salts for exhibition at the present Meeting 
e British Association. Some of the results (perhaps all) may have been 
by other chemists, but in a subject of such recent discovery as thallium, confirm 
tion of the labours of others is not without its value. This paper does not pr 
fees to be more than a record of the various substances obtained by M. Brvet 
upon whom the entire labour devolved of preparing, and to whom in consequat 
e whole merit is due for the information now submitted to this Meeting. 
The sublimate varies considerably in appearance, sometimes of a whitish yello¥ 
and at others of achocolate colour, and these two not unfrequently alternate 11 i 


tinct layers. The reddish colour in the latter is due to oxide of iron and onde | 


manganese. In both these thallium is to be found in the state of a sulphate, to ® 
extent indicated by the following analysis :— 


| 
| 
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Earthy matter eoeveeeecueeseeensevneeaneee 6°75 
PbO eeceosdBeaeoeoeoestoaveeonseeevnesevepesennesenr ates 


Alumina, .....ccccccscccuscvsccecevece 1: 
FeO. e@eeveereoeevevntgeeseocaeseanseoseenvnetes 1890 
MnO e@e@ovousenv,@tseeeneesvoesteseesvsneseveeaeved 1:65 
oO eeesv¢0e eesavue6eeaee GSesvoseveaeno8 @seeo0tse 4:06 
BGe i itterrrccccscessescccs OBS 
ThO ....cccces ra 5° 
Az H? eoeenreeceeesen eotseeeseerseeveneeven 1-80 
Se As Zn, &c. not estimated . eespgteescaseeneevue?ds? 764 
100-00 


Wishing to free the solution, obtained by treating this mass with water, from iron, 
lime was added. This plan was not the one ultimately adopted, but during its ap- 
plication a considerable quantity of ammoniscal vapours made their appearance, and 
these were afterwards found to be due to the presence of sulphate of ammonia in the 
sublimate itself, possibly due to the fact that some pyrites from the collieries is used, 
and adhering coaly matter may have given rise to the generation of the alkali. 

A concentrated hot solution of all the salts obtained from 4 cwt. of the flue sub- 
limate gave a salt which fell in ular crystals; others of an octahedral shape 
fell subsequently from the same solution, and were found on analysis to consist of 


HO....... eevee eee cereeeeees senoes .». 86:50 
SO beceees 26°40 
Al OF... eee ce eee eee ee ee cetenecenes 9°50 
FOO . ccc cece cece cece cc cere neeneees . 180 
ThO .........00eeee Cece eeeeeveroncs . 20°45 
Az H? (not weighed) eeoseeaeovevuvaeaenvpeeeeeee @ 6°35 

100-00 


As a source of thallium, the whole solution was treated in two ways. 

First, the solution not sufficiently strong to give any crystals was filtered, and to 
it a piece of sheet zinc was added; this, by its conversion into sulphate of sine, 
gave the thallium as a metallic precipitate, but contaminated with the impurity of 
the sinc. This metallic precipitate was washed with water and again dissolved in 
sulphuric acid, and then precipitated by means of hydrochloric acid. The chloride 
of thallium being feebly soluble in water, the washings of the chloride ere pre- 
served and used for washing out, in subsequent operations, the sulphate of thallium 
from fiue-dust. The pure chloride thus obtained was either reconverted into sul- 
phate and then precipitated by an electric current, or the chloride was fused, placed 
in a dish, after cooling in water, with a piece of zinc, which reduced the metallic 
thallium as before. e metal itself preserves the exact physical structure of the 
cake of the chloride of thallium. The metal so obtained by either of these modus 


‘was melted, and both were of the same degree of purity. They gave the following 
results on analysis :— 
Thallium. .....ccccccvecvccscvevesscve 98°66 
Si. seeeeoeveuneoea sd ee @eeoatsoeseovee te | ees 86 
Few. ccsccccsvecvecee seeves ae cee c ees . ‘34 
Loss. . een oe st e¢soevpeveseesvetetenvsenesetreonen eo eeon 64 
10000 


The second and more economical mode of treatment consisted in taking the 
solution obtained from the flue sublimate and adding chloride of sodium until all 
precipitation ceased. The acid solution remaining after the chloride has been pre- 
cipitated, contains more thallium than an ordinary neutral solution, and in conse- 

uence was preserved. The solution was concentrated, and crystals of sulphate of 
iron and sulphate of ammonia separated. The mother-liquor, on being treated wi 
chromate of. potass, gave chromate of thallium, which was exhibi “or of the 
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salts of this metal. ie chloride of  thalliom, 60 o obtained was treated ses na 
ner descri or procuring the m fore dismissing iss) © 
flue dust, tt may be well to say that it consisted principally of sulphate of lead, 
caused by the presence of sulphide of lead in the pyrites, earthy matter, &., with 
small | quanti of thallium, as was manifest in reducing the of lead, when 
c 


the me was found to contain thallium, as shown by the subjoined analyas. 
Thallium .......... ccc cece ccc enccees 78 
PD wo le ccc dia cece cere ccc cececcenees 91:53 
| 78 
100-00 


In all, about eight pounds of thallium have been procured in the way descrbel 
Six pounds of metallic thallium were exhibited ; one pound was presented to Mr. 
Crookes and to some chemical friends in Paris, and the remainder has been employed 
in forming the salts exhibited, viz. :— . 

Sulphate.—Sulphuric acid dissolves the metal with \ great readiness, giving of 
hydrogen, the solution on concentration affording crys 

Nitrate-—Nitric acid also dissolves the metal with ease, giving off mtrow 
vapours, the solution affording crystals in the ordinary way. 

Carbonate-—A solution of thallium not being, like that of lead, &c., precipitated 
by an alkaline carbonate, the following process was followed. The spongy meal 

allium precipitated by zinc from the chloride was moistened and heated gest 
and exposed to the air. The greater portion of the thallium oxidized, which onde 
was then dissolved in water, and a stream of carbonic acid was passed through the 
solution. This converted the oxide into carbonate, and from the solution of cart 
nate of thallium so obtained, crystals of this salt were procured by concentration 1 
the usual way. Exposure to the atmosphere produced similar results, « ¢. carbone 
acid was absorbed, just in the same way as happens when solutions of potass, #043, 
lime, &c. are similarly treated. 

Chromate, obtained in the way already described, by adding chromate of pous 
to a solution of any soluble salt of thallium. 

Bichromate, got by using bichromate instead of the chromate. If the bichr- 
mate is precipitated from an acid solution and heated to ebullition, and the soluuo 
allowed to cool, the crystals fall in brilliant scales, as may be seen on examiniy 


Choride of 3 
de of Thallium, obtained in the way already mentioned, as a precipitule 
This precipitate, dissolved in a boiling solution of muri: te of ammonia, gave crvs‘a# 
on cooling, the chloride being more soluble in muriate of ammonia then 11 wite 
A specimen of melted chloride answering to what may be denominated hrm thal- 
lium was also pre . 

Sesquichloride of Thallium.—On treating the chloride of thallium with boil 
nitric acid, all the chloride dissolves, and the eolution, on cooling, deposits brilliat 
yellow acales of a sesquichloride. This sesquichloride was exhibited, after haviz 

n melted. 

Iodide of Thallium, obtained by precipitating a solution of sulphate of thallium 
by iodide of potassium, giving a very insoluble yellow precipitate, which, on beim 
heated when dry, changes to orange, regaining the primitive colour on cooling. 

Sulphate of Thallium and of Alumina.—The addition of the sulphate of alumms 
to a solution of sulphate of thallium gave this double salt resembling in form thow 
of alum ; and, indeed, this substance may be considered as a thallium-alum. 
existence of a double salt of this description is interesting, inasmuch as it forms 
link with the alkalies. 

Sulphate of Thallium and of Soda.—On adding caustic soda to the solution 
sulphate of thallium, in treating the flue sublimate with hot water, iron is fis 

wn down and ammonia given off. The hot strong solution on cooling 1 
crystals of sulphate of soda, containing sulphate of thallium; but whether mech 
nically or otherwise, want of time has not permitted the determination. <A sp 
men of these crystals was shown. 

anide of Thallium.—When a solution of sulphate of thallium has sdéet 


vi ow wre we 
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to it another of sulph ide of potassium, a sulph ide of the former m 
in long white eryatals, falls ” ve : aa 
This is necessarily a very imperfect paper in an exclusively scientific point of 
view. Both the writer and his friend M. Brivet had been too much occupied in 
other affairs connected with the Meeting to devote that time to ite preparation the 
interest of the subject entitles it to. The results were in consequence confined to 
procuring the salts, and any further examination of them must be reserved for the 
ture. The results already obtained, indeed, were somewhat abridged by the in- 
disposition of M. Brivet, occasioned by frequent contact with the metal, or rather in 
breathing its fumes; at all events, his symptoms, those of languor and headache, 
corresponded with those already described by another operator. 


On Minerals and Salts found in Coal-ptts. 
By R. Catvert Ciarnam and Joun Daexisn, F.G.S. 


In conducting the extensive coal-mining operations in the counties of Northum- 
berland and Durham, many interesting minerals and salts are met with, which are 
little noticed by mine-adventurers, as theydo not bear directly on the material sought 
for. Some of these substances have heen formed simultaneously with the coal, or 
at least at periods far removed from the present time, whilst others are of recent 
formation. Having had favourable opportunities of obtaining and examining 8 
cimens, the writers Proposed briefly to describe the results, and, in doing so, divided 
the paper into the following heads :— 

1. Coal, and, 

2. The adjoining rocks which were formed nearly simultaneously with it. 

8. The minerals and other foreign substances found in coal. 

4. ‘Ihe salts found in coal, and formed by decomposition and recombination. 

1. Coal.—OQne of the most striking peculiarities of the northern coal-field is the 
variety in the economic quality of ‘the various beds of coal—the same seam being 
in different parts a household, a gas, a coking, and a steam coal; and this occurs 
without any great alteration in its chemical constituents, and probably arises from 
a different combination of elements or in mechanical structure. 

The household coal has a hard fracture, and in burning leaves little ash, and that 
of a red colour. The essential economic character of gas coal is the yielding of a 
large quantity of gas on distillation, together with freedom from sulphur and other 
impurities he requisite of coking coal is that, on roasting in close ovens, it should 
yield s hard and compact coke, free from sulphur and from slaty particle, which, 
on burning, would leave clinkers and destroy the fire-bars. The steam coal is a very 
hard, free burning, white ash, non-caking coal. — 

2. The Rocks adjoining the Coal consist chiefly of bituminous and non-bituminous 
shales, sandstone, ironstone, and limestone; and although they possess numerous 
distinctive features of very great interest, a lengthened description would be 
foreign to the purpose of this paper, and is the less required, as their general pro- 

rties have been frequently described and are well understood. Specimens were 

owever, exhibited, and a brief analysis of each annexed, for the object of showing 
more clearly the part they play in the formation of the salts, &c., hereafter to be de- 
scribed. e following are the specimens selected :— 
1. Specimen of non-bituminous shale, from Messrs Cowen’s Pit, at Blaydun. 
2. Specimen of blue shale, from Newsham Colliery, near Blyth. 
3. Specimen of bituminous shale, from the roof of the Low Main or “ West 
artley ” seam, at the same mine. 
4, Specimen of mussel-band ironstone, from a bed lying five feet above the 
t w Main seam, in the Bedlington Pit, and clay-ironstone, from Hetton 
olliery. 
5. Specimens of sandstones used for building up-cast shafts. 

The specimens of sandstone were from various well-known quarries in the coal- 
measures. 

The chief characteristic of these sandstones seems to be the quantity of iron, 
lime, or magnesia they contain, which is the cause of their decomposition when 
exposed to the action of disintegrating agents, and has led to serious loss through 
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the decomposition of the stones with which the sides of many of the up-cast shafts 
in this district are lined, by the sulphurous vapours from the venti furneces 


and engine-fire. is y the adoption of fire-bricks in the place of 
sandstone, the latter not being liable to decomposition under the circumstances to 


which they are exposed. 

With the object of showing the action of these gases, the writers have examined 
various specimens of metal tubbing taken from the shafts of Hetton and other 
collieries, after having been some years in use, and append the analyses :— 

No. 1. No. 2, No. 3. No. 4 
Iron ........ 7200 .... 800 .... 5920 .... — 
Sulphur .... 800.... 142 .... 328 .... 206 
Carbon..... » 386 .... 5635 .... 25°72 .... — 
Silica @oeroe 0-65 aeee 84°15 eces — eee 
Water...... 1600 .... 620 .... 1472 .... — 


95:50 100-12 100-00 


The following are some analyses of sandstones :— 
Recent Analyses of Sandstones. 


84:50 | 78-83 {81-60 |83-30 | 86-33176-25 | 
9°83) 8-12 


ee ee ee as ns meer 
3. Minerals and other Foreign Substances found ts Coal—Many of theese are 
omitted in printed analyses, as they exist in separate masses and are not uniformly 


intermixed throughout the coal. ey chiefly consist of — 
1.) Carbonate of iron. 6.) Arsenic. 
2.) Sulphuret of lead. 7.) Hatchetine. 
3. Sulphuret of copper. 8. Sulphuret of iron. 
uret o . i 
5.) Carbonate of rela mphuret of nickel. 
A few of these we shall describe. 


(A.) Specimen from the centre of the Hutton coal-seam, at Seaton Colliers, 
near am, at a depth of 1500 feet; it consists of sulphurets of iron and copper. 
The analysis of a large specimen is as under :— 


opper see cee n cee eeeeeeceeas cseee. S320 
TOD 2... . ceca eee’ Cece cnc vccecesas 28- 

Sulphur ..... ccc ccc ses ccc ceccceencey 37 Kes 

Carbon, &c....... dete cece cena renecen 1-60 

(B.) Speci f Sulph Lead _~ 
. men 0 uret of from Seaton Colliery. 
The following in an enalysis of a specimen: ad 

Lead............ cae ee cece vc eeeseees . §2-48 

Sulphur ........ cc ccc ccc cccescucccs 11:40 

Tron cc cece ccc ccc ccccececcceceuccs 2-10 

Coal, &c. ....... Coe recccccacencvcecns 34-02 

100-00 


(C.) Iron pyrites, locally termed “braases,” is found in nearly all coal, and 


Us op 
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sometimes to a very considerable extent. A quantity is separated from the 
coal on its arrival at the surface of the mine; but a great part of it is thrown to 
waste, and forms the “ fire-heaps ” attached to nearly every colliery, and is fre- 
quently the cause of considerable damage to vegetation when they take fire. 
Probably as much as 20,000 tons per annum are saved, and used in the manu- 
facture of sulphate of iron and sulphuric acid. 
The following is an analysis of cleaned coal-pyrites from Walker Colliery :— 


Sulphur ......ccceeeeeseeevesssevees 40°50 
Trom ...,.cecccees ccc ececees ceccccee 86°35 
070°.) veccees 17:90 
Silica... cc ccc cece cence cc seccecces 1:55 
Carbonate of lime .........ccccccccees 400 

100-80 


Still more recently a further quantity—(D.) Specimens of Hatchetine—was found 
in the South Hetton Pit, some of which the writers hoped to have been able to 
lay before the members of the Association ; but unfortunately the pit-boys found it 


- out, and used it for greasing the axles of their trams, thus making it deserve the 


? 


name of “ mineral grease, ’ which it sometimes receives. 

(E.) Specimen of coprolite found in the bituminous shale lying immediately over 
the Low Main seam at Newsham Colliery, near Blyth: from the numerous fish- 
remains found in this bed, it has received the name of “ Fish-bed.” This speci- 
™M(E.) Specimen’ ef sulphate'of taryts, found in Felling Col Neweast 

) imen of sulphate o ound in I iery, near Ne 2, 
by Mi: Gir. Foster, in quite a large mass. The writers are not aware of sulphate of 
baryta having previously been noticed in connexion with coal, except by Dr. Kichard- 
son, of Newcastle, who observed it in the waters of Walker Colliery in 1847. 

(C.) Specimen of carbonate of lime, generally found in layers, occasionally of 
several inches thick, and frequently presenting the ap of fine marble. 

(H.) Specimen of carbonate of iron, also found in layers, and frequently mixed 
with lime, also in large masses. 

(1.) Arsenic is not found isolated, but in some coal “brasses” it exists to the ex- 
ten) Specimen eutaint fi tals of sulph f nickel, imbedded 

.) Specimen containing fine 0 uret of ni im’ in car- 
poh Salt jon South Walon and noni ‘Through the rocks 

e ormed by its ination. — e 
described in the first part of this memoir water is constantly percolating, and this, 
becoming charged with various salts in its passage through the upper strata, in- 
duces decomposition of many of the previously mentioned substances, thus forming 
new combinations. These are in some cases found in solutions of various densities, 
sometimes in crystallized masses of great purity, and at other times in layers de- 
posited from solution or by evaporation. e shall give a few illustrations :-— 

-) A specimen from Hetton Colliery, which consists of crystallized sulphate 
of iron (copperas). This is sometimes found in considerable quantities. 

(M.) Specimen of sulphate of alumina, containing 20-6 per cent. sulphate of 
alumina, soluble in water. This substance is found in considerable quantities in 
Hetton Colliery. . 

(N.) Specimen of sulphates of iron and alumina (iron-alum, very pure). This 
is found in fine crystallized masses. 

(O.) Specimen of sulphate of lime, from Walker Colliery, from a large mass of 
snow-like crystals. ; ; 

(P.) Specimen of needle-shaped crystals of Epsom salts. This substance is 
found in quantities in Hetton Colliery, and is quite pure. 

Q.) Specimen of nearly pure common salt, with a trace of sulphate of lime. 

cB) Specimen of chloride of potassium, mixed with common salt. 

n presenting the above imperfect results to the Members, the writers are well 
aware that they have not exhausted the subject; but, amidst the more important 
duties of the last few months, it has been found difficult to find time sufficient to 
complete the paper that they had sketched out for themselves. 
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On Disinfectants. By H. B. Conny, F.C.S. 


It was remarked by the author, that the idea of artificial disinfection by chemical 
means was not op to the operations of nature, since the action of the ar in 
overcoming the foulness which is inseparable from the co ting together of 
men in dwellings is explainable only by the laws of chemistry. The atmosphere 
is an admixture of chemical substances, whose influence on organized being, whe- 
ther in its constructive or destructive effects, is of a truly chemical nature. Is 
studying, consequently, the best means of seconding nature in her efforts for di- 
posing of the waste products of organic life, we had only, to copy her admirabk 
processes, in order to arrive at the most perfect results. e researches of recent 
times on the composition and economy of the atmosphere pointed clearly to oxypes. 
and especially to active oxygen, as the chief means by which natural disinfectica 
is accomplished. There are two classes of circumstances in which the auxiliary ad 
of disinfectants is very frequently required to overcome unwholesome influences, 11, 
lst, against the deleterious emanations which generally proceed from the bodies cf 
men, especially when labouring under disease, and more icularly when such 
disease 18 of a contagious nature; 2nd, against the taint of organic decompositica 
In both these cases the chemical objects to be kept in view were substantially the 
same. The infective material in either case is supposed to be an organic con- 
pound, declining by successive transformations from a highly complex form towards 
that state of ultimate repose which belongs to complete oxidation. Its dangerous 
qualities are dependent on its condition while passing through those steps d 
transition during which it acts after the manner of a ferment. Disinfectants ar 
of two classes :—Ist, those which, by fixing the organic matter in a form unfavour 
able to oxidation, thus reduce to the utmost its tendency to undergo chemical 
change, and which are more properly designated antsseptics; 2nd, those which 
more or less rapidly break up the organic matter by producing its oxidation and 
conversion into imputrefiable products, and which alone are properly designates 
true disinfectants. The advantages possessed by the preparations indicated by the 
author were thus summed up:—they had no smell whatever of their own, gav? 
off no odorous gas during their operation, and when diluted for use were devoid of 
perceptible action, except on offensive matter; they were thoroughly efficient snd 
permanent in their effects, disinfecting as well as deodorizing ; perfectly safe to us 

use not poisonous; not mistakeable for other substances, on account of thet 
characteristic colours ; capable of being regulated as to quantities required by the 
depth of colour of their solutions; and applicable in a great number of cases for 
which no other disinfecting agents can be employed. 


On Fire-clay Goods*. By Josern Cowen, Jun. 


The author stated that fire-clay, which is obtained in large quantities in the two 
counties of Durham and Northumberland, usually lies beneath the coal-measures, 
in layers varying in thickness from 12 inches to 5 or 6 feet. The refractor 
character of any sample of fire-clay is determined by the proportions in whi 
silica and alumina are present, and by the absence of lime, iron, and other easily 
fluxible substances. The best descriptions of tire-clay—those which, when mant- 


* This paper was drawn up by the author at the request of the Local Committee. 


TBANSACTIONS OF THE SECTIONS. 4] 


factured, are capable of resisting the greatest heat—always contain a large ion 
of silica. The preceding Table contains & series of analyses of samples of fire-clay 
taken from seven seams, all worked in the mines belonging to one fire-brick ma- 
nufactory, situated a few miles west of Newcastle. 

The remaining part of the Peper treated at length of the various applications 


li 
which have been found, y in late years, for articles made from this 
substance. 


On the Extraction of Thallium on a large scale from the Flue-dust of 
Pyrites-burners. By W. Crooxzs, F.R.S. 

Having for some months past been occupied, in conjunction with Mesars. Ho 
kin and Williams, in the extraction of thallium from an amount of material fas 
greater than has ever been treated before, the author proposed to bring before the 

eeting an account of the methods ultimately adop 

The author has received some hundreds o imens of deposit, flue-dust and 
minerals, every one of which was first of all carefully tested for the metal by means 
of the spectroscope. The practical employment of spectrum analysis is, he regretted 
to say, of but very limited use, and has caused him many disappointments before he 
determined to abandon it, except for confirmation in subsequent experiments. The 
spectrum by itself gives no indication of quantity; the green line produced by a 
residue containing but one part of thallium in a thousand is as vivid and distinct 
as the line given oy the pure metal; and therefore, before he could decide whether 
a deposit contained sufficient thallium to repay for its extraction, it was necessary 
to make an estimation in the moist way, by exhausting a weighed quantity of the 
dust with water, and adding hydrochloric acid to the solution. Associated with 
thallium in these deposits is, unfortunately, a variety of other metals, among which 
he found mercury, copper, arsenic, antimouy, iron, zinc, cadinium, lime, and sele- 
nium, together with ammonia, sulphuric, hydrochloric, and nitric acids. 

Soon after the publication of bis lecture delivered at the Royal Institution, 
March 27, 1868, Dr. Alfted S. Taylor sent me a powder, which is, beyond doubt, a 
portion of the residue in which Berzelius found selenium. He examined the i- 
men with the most scrupulous care in the spectroscope, but have been unable to 
see the faintest trace of the green line. Had thallium been present, it would 
ecarcely have escaped the keen observation of Berzelius. 

The flue-dust upon which we have aa yet operated amounts to about five tons, 
the whole of which has been treated by the method he is about to describe. The 
difficulties of manipulating such an amount have been very serious. The process 
at present adopted at Messrs. Hopkin and Williams's laboratory is as follows :— 
The thalliferous dust is first treated in wooden tubs with an equal weight of boil- 
ing water, and is well stirred. During this operation a considerable quantity of 
nitrous acid is evolved; after which the mixture is allowed to rest for twenty-four 
hours for the undissolved residue to deposit. The liquid is then siphoned off, the 
residue is washed, and afterwards treated with a fresh quantity of boiling water. 
The collected liquors which have been siphoned off from the deposit are allowed 
to cool, precipitated by the addition of a considerable excess of strong hydrochloric 
acid, and the precipitate, consisting of very impure chloride of thallium, is allowed 
to subside. The chloride obtained in this way ia then well washed on a calico 
filter, and afterwards squeezed dry. He mentioned that from three tons of the 
dust he obtained 68 pounds of this rough chloride. 

The next step consists in treating the crude chloride in a platinum dish with an 
equal weight of strong sulphuric acid, and afterwards heating the mixture to expel 
the whole of the hydrochloric acid. To make sure of this, the heat must be con- 
tinued until the greater part of the excess of sulphuric acid is volatilized. After 
this the mass of sulphate of thallium is diseolved in about twenty times its weight 
of water, and the solution filtered. On the addition of hydrochloric acid to this 
solution, nearly pure chloride of thallium is thrown down; this is collected on a 
calico filter, well washed, and then squeezed dry. 

It is now necessary to again convert the chloride into sulphate. For this pur- 
pose we add the dry chloride gradually to hot sulphuric acid using four parts by 
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weight of strong acid to six parte of the chloride. The mixture 20 obtained is 
heated strongly until all the hydrochloric acid is expelled and the residue 
the form of a dense liquid. ‘This, being set aside, solidifies on cooling to a white 
crystalline mass. When this is dissolved in water an immense amount of heat is 
evolved, and great care must be taken to avoid breakage of the veesela. The bet 
way of dissolving it is to add it slowly to ten times its weight of hot wate. A 
solution is thus obtained, which must be filtered; and on being concentrated and 
set aside to cool, crystals of sulphate of thallium will be obtained, which may te 
rendered quite pure b recrystallization,—a little hydrosulphuric acid being pr- 
viously added, if necessary, to separate arsenic, mercury, &c. 

The final step in the process is the reduction of the metal from this sulphate 
Plates of pure zinc (which must leave no residue whatever when dissolved in su- 
phuric acid) are arranged vertically round the sides of a deep porcelain dish ho:t- 
ing a gallon. About seven pounds of crystallized sulphate of thallium are the 

in the dish, and water poured over to cover the salt. Heat is applied, and 

in the course of a few hours the whole of the thallium will be reduced to the stax 
of a metallic sponge, which readily separates from the plates of xinc on slight 
agitation. The liquid is poured off, the zincs removed, and the thallice 
washed two or three times. It is then strongly cémpressed between the finger, 
and preserved under water until it is ready for fusion. The fusion of the metal 
is readily effected. An iron crucible is placed over a gas-burner, and a tute ¥ 
arranged so that a constant atream of coal-gas may flow into the upper part of the 
crucible. Lumps of the compressed sponge are then introduced, one after the othe 
as they melt, until the crucible is full of metal. It is then stirred up with an rm 
rod, and the thallium may either be poured into water and obtained in a graut- 
lated form, or cast into an ingot. Thirty or forty fusions have been performed = 
the same crucible without the iron being acted upon in the least by the melted 
thallium. The products of these fusions were ultimately melted together and cs 
in an iron mould. The bar of metallic thallium exhibited before the Sect 
weighed a quarter of a hundredweight. a, 

allium contracts strongly on cooling. The coating of tarnish which ! 
acquires while hot is instantly removed by water, which renders the surface pe 
fectly bright. The liquid metal in the crucible, when Protected by the stream d 
coal- gas can scarcely be distinguished from mercury. allium is not sbeolatelt 
identical in colour with any other metal, but approaches nearest to cadmium 
tin. It has perfect metallic lustre. Its specific gravity is 11-0. It is very mal 
able, but not very ductile. It can only be drawn into wire with great difficulty: 
but by the operation technically known as squirting, thallium wire may be forme 
most readily. Thallium is very soft, being only exceeded in this property by the 
alkali metals. A point of lead will scratch thallium with the test readines. 
Thallium possesses the property, in common with soft metals, of welding by prt 
sure in the cold. Rubbed on paper, it gives a dark streak, having a yellow ref 
tion, which in a short time nearly fades out, but may be restored with an alk 
sulphide. Thallium is strongly diamagnetic, being in this nearly, if 2% 
quite, equal to bismuth. It melts at 560° F., and distils at a white heat, evolriig 
brown vapours into the air at a temperature little above its melting-point 
6 minute fragment of thallium, or of any of ite salta, is introduced ito the fas 
of a spirit-lamp, it colours it of a most intense green, which, when examined by 
means of a spectrum apparatus, appears to be abeolutely monochromatic, co 
municating one single green line to the spectrum. This property of the metal # 
now too well known to require further remarks; from it the name Thallium" — 

oven. 

The atomic weight of thallium is 208. This result, however, is not deduced 
from sufficiently accurate analyses to render it entirely trustworthy, and the aub« 
is now engaged in determining the equivalent in a more accurate mannet. 


On Photelectric Engraving, and Observations upon sundry Processes of Photr 
graphic Engraving. By Duncan C. Datias. 


TRANSACTIONS OF THE SECTIONS. 48 


On the Slacking of Quicktime. By Joux Davy, M.D., F.B.S., Ge. 

The object of the author in this communication was twofold :—first, the giving 
an account of certain experiments, the results of which seemed to show that lime 
is capable of forming with water a subhydrate, attended with the evolution of little 
heat; next, the s ing the use of lime in collieries as a substitute for gunpow- 
der in blasting, founded on the fact of the high temperature, attended with the 
production of steam, occasioned by the quenching quicklime,—that is, its conver- 
sion into a hydrate,—yet not sufficiently high to inflame any inflammable gas. He 
concluded with expressing the hope that a trial of the su ion would be made 
in a colliery, being so easy of execution and attended with no danger—the great 
objection to the use of gunpowder. His own trials, he stated, made with borings 
into hard sandstone, not succeeded, which is not surprising considering the re- 
sistance offered —s0 much greater than from coal—and the small quantity of lime 
employ 


On a new Gas-Furnace for melting Gold, Silver, Copper, Cast Iron, Glass, 
gc., by means of Coal-gas, without the aid of a bellows or tall chimney. 
By G. Gore. 


This furnace consists of a stout cylinder of fire-clay, about 10 inches high and 
6 or 8 inches wide, enclosed in a sheet-iron casing, to the lower and back part of 
which is affixed a short chimney: the casing is supported by three iron legs about 
15 or 18 inches high. Inside the clay cylinder is placed a shorter and thinner 
clay cylinder or cupola, having three clay pegs projecting from its inner side near 
the top, for supporting the crucible. Both the cylinders are open at their ends, 
and rest upon the bottom of the iron casing. The outer clay cylinder is coyered at 
the top by a thick circular plate of fre-clay, with a hole in its centre for inserting 
or removing the crucible, &c. ; and this hole is closed by a plug of fire-clay. The 
iron casing has a large hole in the middle of its bottom part under the cupola, be- 
neath which is fixed a peculiar corrugated gas-burner ; so that the flame passes u 
inside the cupola, surrounding the crucible, then out at the top of the cupola, an 
down the outside between it and the outer cylinder, to a hole entering the 
chimney. 

The Tmallest-sized furnace will melt half a pound of copper, or six ounces of 
cast iron. One ounce of copper has been melted in it in 2} minutes, one ounce of 
cast iron in 8 minutes, five ounces of co in 4} minutes, and three ounces of 
cast iron in 6 minutes. The second-siz ace will melt fifty ounces of copper, 
or forty ounces of cast iron; it has melted sixteen ounces of copper in 8 minutes. 

The furnace is portable, requiring no brickwork erections or fixed chimney; it 
may be placed anywhere, and used in any situation where gas is available ; it is 
eafe in action, free from dust, and produces no smoke. A further great advantage 
is “the perfect accessibility which it permits to the melted metal, and the protec- 
tion of the fused metal from oxidation by means of the layer of flame which during 
the action of the furnace plays over the mouth of the open crucible and excludes 
the atmospheric air. Thus the advantages of a covered crucible are gained, whilst 
the contents of the crucible are octly accessi bie to examination or manipula- 
tion.” This also enables oxidable metals and alloys to be melted in an open 
crucible without the addition of a flux or reducing agent. 

The furnaces are suitable for jewellers, dentists, analytical che and all 

uring small crucibles quickly heated to high temperatures. ey may 
Ee obtained of E. W. Ball, 11 Broad Street, Islington, Birmingham. 


On the Commercial Advantages of a new Carbonate of Soda. 
By M. L. Kessrer. 

He refers to the ‘Comptes Rendus’ of the French Academy for January 12, 1863, 
for his description of the facility of obtaining, with simple precautions, beautiful 
crystals of this salt containing one equivalent of water. From their different 
crystalline form they cannot be confounded with ordinary crystals of soda. They 
are right priams with square bases, sometimes terminated by a right face, but 
oftener by a prismatic or pyramidal summit. 
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The salt presents many features by which its purity can be ascertained. 

1. Its striking peculiarity of form, its complete dryness, and greater specific gra- 
vity than crystals of soda. 

. It cannot be adulterated with the cheaper salts, sulphate and ordi car- 
bonate of soda, which contain much water, and fall into powder. 

8. It is the only ordinary salt that can be heated red hot on a piece of charcoal 
without change of crystalline form. It merely becomes opake, while sulphate and 
carbonate of soda undergo watery fusion, common salt decrepitates, and nitrate of 
soda deflagrates. The least-instructed purchasers cannot be deceived as to its 


urity. 

The surface with difficulty effloresces even in an atmosphere so as to turn in 
the same time a large crystal of soda into powder. As it contains only 17 per cent 
of water, and 83 per cent. of carbonate of soda, the cost of distant carriage is nearly 
the same as that of ordinary soda-ash of 85 per cent. 

The preparation is more economical than that of the two ordinary forms of soda, 
being produced by the “ multiple ” employment of heat ; and it can be packed from 
the evaporating-pan without draining more than a moment. M. Kessler considers 
that all these properties point it out both for the public and the manufacturer as 
the most rational commercial form of soda. 


On Glass-engraving by Hydrofluoric Aad. By M. L. Kesstrr. 

The two principal lass-works in France, St. Louis and Baccarat, have used for 
five or six years M. Kessler's process for engraving on glass by means of hydro- 
fluoric acid, of which various specimens, especially lamp-globes, may be seen any- 
wherein London. The results have been obtained with great economy by printing 
on paper the ‘‘ réserve” or ground of the pattern with bitume de Judée dissolved in 
essence of turpentine ; the printing is then transferred to the glass, which is plunged 
into a bath of hydrofluoric acid, in which a continual rotatory motion is given to it. 
The glass is acted on wherever there is no printing. When the engraving is suf- 
ficiently deep, the pieces are washed in an alkaline lye, which dissolves the reserre. 
This process has rapidly extended, and has already in great part displaced the 
ancient method of glass-cutting. In view of its increased consumption for this 
purpose, M. Kessler has simplified the manufacture of hydrofluoric acid, which he 
prepares in cast-iron cylinders. Asa cure for the painful burns caused by this acid, 

° as found a certain antidote in binding on the wound strips steeped in acetate 
of ammonia. 


On a New System of Evaporating Liquids. By M. L. Kessier. 


There is at present an important gap in the list of apparatus for evaporati 
liquids. There are simple evaporators of various kinds and there are vange. 
ments in which the heat of the vapour from one liquid boils another more volatile 
liquid. There are also apparatus where the came effects are obtained by means of 
decreasing pressures corresponding to diminishing boiling-points, but not for the 
multiple evaporation of the same liquid without the intervention of decreasing 
pressures. is arises from the difficulty of condensing a vapour disengaged in the 
atmosphere, and necessarily of inappreciable tension, and especially mixed wjth air. 

M. Kessler thinks that for resolving the question the first condition is the placing 
of the vessels above each other, so that the bottom of one shall be the cover of the 
other, as in this arrangement the air charged with vapour will easily ascend to be 
cooled in contact with the cover, then coming into contact with the liquid to be 
saturated with vapour it becomes the agent of its own transport. Constantly in 
motion, it cannot accumulate in the places for condensation and thus prevent the 
vapour from reaching these. 

Secondly, to prevent the drops condensed from falling into the liquid below, he 

ives an inclination to the surface of the cover towards the sides all round. The 

rops adhering to the cover by capillary attraction drain into a trough round the 
outer edge of the lower vessel, and are thus delivered outside the apparatua. This 
trough also forms a water-lute between the two vessels. 

M. Kessler says that such an apparatus performs the two separate operations of 
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distillation and evaporation. Used as an alembic, no refrigerator is required. By 
recent experiments by M. Iresca at the Conservatoire des Arta et Métiers, it was 
found that an apparatus of four vessels, of which the lowest was heated with gas, 
and the uppermost was open to.the air and acted as a refrigerator, evaporated 15 
litres of water with a cubic métre of gas, while the same quantity of gas with a 
single vessel uncovered evaporated only 5°170 litres. The a tus was 54 cen- 
timétres diameter, and evaporated nearly 4 litres an hour. en two vessels are 
used and the upper one is kept supplied with cold water, 20 litres of water an hour 
can be distilled 

For concentrating sulphuric acid, only the bottom veseel, or capsule, is required 
to be of platina. 

In applying this apparatus to the evaporation of common salt, and ally car- 
bonate of soda, M. Kessler has found 1 that, in the atmosphere partly saturated 
with vapour under the inclined covers of the vessels, the salts crystallize on the 
bottom and sides in large crystals, as is the case in slow cooling. The solution of 
carbonate of soda does not produce a pellicle on the surface, and forms beautiful 
prisms containing 17 per cent. of water. Iodide of potassium gives crystals of an 
unprecedented size, and sulphate of soda gives anhydrous crystals. 


Are Nitrogen and Carbonic Oxide the Oxide of Carbon in different Allotropic 
or Isomeric States? By H. Kireour, of Edinburgh. 


The author, it was stated, was making experiments with the view, if possible, 
of reducing nitrogen and carbonic oxide into the same substance. Hitherto, how- 
ever, his results had been negative, 


On the Manufacture of Earthenware at Newcastle*. ByC.T. Maxuva. 


- The manufacture of white earthenware was introduced into this district by Mr. 
Warburton, at Carr's Hill Pottery, near Gateshead, about 1780 or 1740, Those 
works were very successfully carried on for seventy years, when they gradually 
declined, and in 1817 were closed. A small portion of the building is still used as 
a brown-ware pottery. The next manufactory was built by Mr. Byers, at New- 
bottle, in the county of Durham, about 1755, where brown and white earthenware 
still continue to be made. In 1762, Messrs. Christopher Thompson and John 
Maling erected works at North Hylton, in the county of Durham ; their successor, 
Mr. Robert Maling, in 1817 transferred his operations to the Tyne, where his de- 
scendants still continue the manufacture. St. Anthony’s, Stepnev Bank, and Ouse- 
burn Old Potteries were commenced about the year 1780 or 1780. Messrs. A. 
Scott and Co. and Messrs. Samuel Moore and Co. erected potteries at Southwick, 
near Sunderland, the former in the year 1789, the latter in 1803. The pottery 
carried on by Messrs. John Dawson and Co., at South Hylton, was built by them 
in 1800. The works of Messrs. John Carr and Sons, at North Shields, were 
erected in 1814. Messrs. Thomas Fell and Co. built St. Peter’s Pottery in 1817. 
The establishment of Messrs. Skinner and Co., Stockton-on-Tees, dates from 1824. 

There are now about twenty-five Potteries in this district, of which on the Tyne 
six manufacture white and printed ware, four white, printed, and brown ware, 
and three brown ware only, employing 1200 people, and manufacturing yearly 
about 12,000 tons of white clay and 360 tons of brown elay, and consuming in 
the praceas of manufacture about 34,000 tons of coals. On the Wear there are 
two potteries manufacturing white and printed ware, two white, printed, and 
brown ware, and two brown ware only, employing about 500 people, manufacturing 
yearly about 4000 tons of white clay, 1500 tons of brown clay, and consuming in 
the manufacture about 14,000 tons of coals, On the Tees there are four Potteries, 
manufacturing white and printed ware, employing 500 people, manufacturing 
5000 tons of white clay, and consuming 13,000 tons of coals. Two potteries at 
Norton manufacture brown ware; the particulars of their operations the author 
had not been able to obtain. 


* This paper was drawn up by the author at the request of the Local Committes. 
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pensos on cla from sea-freight and inland carriage average 13¢. per ton to Stai- 
ordahire, and Be. ton to this district; and in flints the advantage is stall greater, 
in Staffordshire the average being 19s. per ton against 4s. 6d. per ton here. Coals, 
although a little dearer here per ton, are so much superior in quality that 80 tom 
of Newcastle coals are equal to 100 tons of Yorkshire or Staffordshire coals. 

About 1858, Messrs, Skinner and Co., of Stockton-on-Tees, first appli Need- 
ham and Kite’s patent filtering-press for © ing the surplus water from the slp, 
which had formerly been done by evaporation. This is a much cleaner and bettz 

rocess than the old system, and is now adopted by thirty or forty potteries m 
England aad Scotland. With the exception of three potteries in this district and 
at w, machinery has been very little applied to the manufacture of earther- 
ware, and even at these works not nearly to the extent to which it is capable of 
being profitably adopted. One manufactory on the Tyne, Ford Pottery, havisg 
the best machinery, supplies at least 80 per cent. of the jars used by confection 
for marmalade an ea &c., in England and Scotland. 

The description of goods manufactured in this district is that used by the middle 
and working classes, no first-class being made here. The principal market, 
in addition to the local trade, are the Danish, Norwegian, German, Mediterranesn, 
and London, for exportation to the colonies. The trade to the United Stats 
being so very small from here, the American war has affected this district lex 
than any other. 


On the Constitution and Ratwnal Formula of Narcotine. 
By Dr. A. Marruressen, F.R.S., and G. C. Foster, B.A. 


Chemists have been aware of the existence of narcotine, as one of the constituents 
of opium—the dried-up juice obtained from the capsules of the white poppy— 
since almost the beginning of the present century ; and the remarkable propertiel 
of the numerous derivatives which it yields, when acted on by various chemical 

nta, have caused it to be made the subject of several extended investigations 
Still, the constitution of narcotine, and of the products derived from it, has nd 
hitherto been explained; and even its elementary composition has remained so far 
doubtful that some chemists have admitted the existence of three or four distinct 
varieties, each differing in composition from the rest. Ina paper published in the 
Fhilosophical Transactions for 1868, p. 345, the authors of this communication hare 
shown that (adopting the atomic weights C=12, H=1, O=16, &c.) the compo 
tion of narcotine is represented by the formula C"H*NO”, and is always the sam 
In the same paper they have shown that the composition of cotarnine is represented 
by the formula C°H"NO?; so that the action of oxidizing agents upon narcous 
may be expressed by the equation 


C?H*NO? + O = C?H"YNO? + CHO’. 
Narcotine. Cotarnine. Opianio acid. 
They have there also described several new transformations of narcotine, cota. 
and opianic acid, which it is necessary, for the understanding of what follows, (0 
recapitulate briefly in this place :— 
1. One molecule of narcotine, boiled with excees of hydriodic acid, yields three 
molecules of iodide of methyl. 
2. Cotarnine, heated with hydrochloric acid, yields chloride of methy] and c##- 
namic —_ 


C“HYNO? + HCl + H2O = C'™HYNO! + CHPCL 
Cotarnine. Cotarnamie acid. of meal 


8. Cotarnine, heated with dilute nitric acid, yields methylamine and cotarae 
acid :— 


C?HYNO® + 2H70 = CUH"O! + CHEN. 
Cotarnine. Coturnic acid. Methylansine. 
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4. Nascent hydrogen converts opianic acid into meconin :— 
CH 08 4+ A? =CH»O* + 20, 
Opianic acid. Meconin. 


5: Opianic acid, boiled with strong potash-lye, yields meconin and hemipinic 
acid :— 
2C°HOs = CMHMOS 4 (Cr0F 008, 
Opianio acid.  Meoconin. Hemipinic acid. 
6. Opianic acid, meconin, or hemipinic acid, boiled with hydrochloric acid, yields 
chloride of methyl. 
7. In the case of hemipinic acid, the action of hydrochloric acid, if continued for 
a short time, gives rise to carbonic acid and a new acid, C°H°O*', as well as to 
chloride of methy] :— 
CH 0% + HCl = C*H*0* + CO? + CHCl; 
Hemipinio acid. Now acid, 


ot, if continued for a longer time, to hypogallic acid, carbonic acid, and chloride of 


methyl :— 
O°H°O* + 2HCl = C7H*0! + CO? + 2CH°Cl. 
Hemipinic acid. Hypogallic acid. 

The object of the present communication is to point out analogies between the 
substances which take part in, or result from, these transformations and bodies 
whose constitution is better known ; and so to deduce a series of rational formule 
which shall, as far as possible, express their respective chemical functions and their 
relations to one another. 

Cotarnine.—The authors regard transformations 2 and 8 as proving that cotarnine 
is a methylized compound, corresponding to a not yet isolated normal cotarnine, 
C"H"NO?", bearing the same relation to cotarnic acid that malimide bears to malic 
acid. They point out that cotarnic acid resembles malic acid in being a bibasic 
acid containing five atoms of oxygen, and they compare the derivatives of each as 

ollows :— 


CHNOS ‘HO! 
Cotarnic acid. Malic acid, 
C'HYNOS C*H™NO* 
Cotarnamic acid. Aspartic acid 
CYH = NO*AC! C*H'NO',HC! 
Hydrochlorate of cotarnamic acid. Hydrochlorate of aspartic acid. 
C 1m INO? C*H®NO* e 
Cotarnimide (hypothetical normal cotarnine). Malimide. 
C"H°(CH?)NO? C‘H‘(C*H)NO? 
Methyl-cotarnimide (cotarnine). Pheny!-malimide. 


Hence they deduce the following rational formuls :— 
(Cntr > | Otmcotamie acid (bibesic but tristomic). 


(onH0*) ™ N =cotarnamic acid. 


(Cag "| O = methyl-cotarmmide=cotarnine. 

Meconin, Opianic acid, Hemipinic acid.—Transformations 6 and 7 may be taken 
as proof hat pach of these bodies is & dimethylized derivative of a corresponding 
normal compound not yet isolated. The authors further regard transformations 
4 and 5 as indicating the existence of a hydrate of meconin, C'*H'*0*, and they 
suppose this compound to be a first result of both transformations, and to give rise 
to meconin by subsequent loss of the elements of water. If this be tted, 
opianic acid and its congeners may be compared to oil of bitter almonds and glucose 
and their respective derivatives :— 
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CH CH CHO 
Meoonin. Benszylene. Meannitan. 
CoH 208 C7H°O C*H 0 
Hydrate of meconin (hypothetical). Bensylic aloohol Mannite. 
C0008 C™H*O C*H™0* 
Opianic acid. Oil of bitter almonds. Glucose. 
CFOs C7H*O? CHO" 
Hemipinic aeid. Bensoio acid. Mannitic acid. 


These comparisons lead to the following rational formule :— 
(C*H‘O)iv . . 
OH) eet O‘=hypothetical hydrate of meconin. 


Conny? O* =meconin. 


‘ 3 i . e e e 
OHH “ it = opianic acid. 
C*H?0? iv 
Cone 
Combining the above formula for meconin with that previously arrived at for 
cotarnine, the authors give the following as the rational formule of narcotine :— 


CH? 
(C™H°O? iii 
Srya i 
(C*H‘O )iv 0: 
(CH°)?H 
—believing that by it all the known transformations of narcotine and of its imme 
diate producta of decomposition can be expressed. 


Short Communications on Galvanic Copper, Photolithography, and Photo- 
microscopic Specimens. By M. Abbé Moreno, 


O'=hemipinic acid. 


On a Deposit in the Gas-tubes of the Cleveland Blast Furnaces. 
By J. Parrinson. 


A substance, in fine powder, varying in colour from blackish-grey to almost 
white, is deposited in the large tubes used for conveying the waste gases of irc- 
smelting furnaces to the boilers and heating-stoves, where they are economired 
The deposit at present in question had been found in the tube of a furnace smelt- 
ing a mixture of Upleatham and Rosedale ironstones with Weardale blue lime 
stone and South Durham cokes. The deposit was of a dark-grey colour, and ws 
impalpably fine. Analysis determined its constituents as follows :— 


Protoxide of iron ..........00-05: 14-22 per cent. 
Oxide of zinc ........ceeeeeeeeees 1048 ,, 
Sulphide of zine .........ceeeeeeee 13-70 ,, 
Alumina ...... cc cee cece eee eenees 8-20 __—=é» 
Lime .........cceeeeeee Oa ccences 1332 _=—C,, 
Magnesia........eccceecsvececees 5603, 
Chloride of sodium.............66. 474 ,, 
AMMONIA... cece ee eee ee eee 0:70 _ ,, 
Thallium ........ce cess ececeeenes trace ,, ° 
Sulphuric acid .........0cseeeeee 318 =, 
Free sulphur ..........-..eeeeees O17 =, 
S11 22:60 i, 
Carbonaceous matter............5. 450 , 
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On Zine, Nickel, and Cobalt in the Cleveland Ironstone. By J. Parrrxson. 

The constant presence of oxide of zinc in considerable amount in the deposit 
found in the waste gas-tubes of blast furnaces smelting Cleveland ironstone had 
pointed out thet zinc was probably uniformly diffused in this ironstone. In order 
to ascertain this, the author obtained a sample from the main seam of the Up- 
leatham mines, and, after examining it carefully to see that it contained none of 
the visible pieces of zinc-blende which are occasionally found, sought for the 
presence of zinc in the usual manner. From this sample an amount of oxide of 
zine equal to 0°32 of a grain of zinc per lb. of ironstone, or about 10 grains per 
ton, was obtained. In searching for zinc, indications of the presence of nickel and 
cobalt were also obtained. A quantitative analysis showed that the ironstone con- 
tained 0°72 of a grain of nickel, and 0°12 of a grain of cobalt, per pound. In smelt- 
ing, the principal portion of these two metals will be reduced to the metallic state 
and will accompany the iron, although it is probable that the peculiar bluish colour 
which the furnace slag sometimes poesesses may be y owing to minute 
quantities of cobalt carried away with the slag. e author has estimated the 
amounts of nickel and cobalt contained in pig iron, malleable iron, and puddling 
furnace cinder, all of which were produ rom Cleveland ironstone. In each 
case four ounces of the sample were operated upon. They contained as follows :— 

Puddling Fur- 
nace Cinder. 


Grains of nickel per Ib. .......... 0-318 


Grains of cobalt per lb. .......... 
Percentage of nickel 
Percentage of cobalt .......... - 


The samples were taken at different periods of time, and from entirely different 
batches of iron. An admixture of nickel with iron is said to improve the quality 
of the latter; but it is scarcely probable that either nickel or cobalt in the above 
proportions will affect the ity of the iron appreciably. These results are 
interesting, however, as affo another illustration of the wide diffusion through- 
out nature of comparatively rare substances. 


On the various kinds of Pyrites used on the Tyne and Neighbourhood tn the 
Manufacture of Sulphuric Aad. By J. Parrrxson, 
Iron pyritea, or bisulphide of iron, has been used on the Tyne in the manufacture 
of sulphuric acid since about the year 1840. At that time, and up to 1856, the 
only supplies of this mineral were obtained from Ireland, Cornwall, and the col- 


l. 6 7. 
Sulphur ....ccccseseeeee | 44:00 44:20| 38:10 
@seaeseeaeteeooavesveeve0es @ oe 88°70 40°52 84°44 
Cop e@eeaen0082880800806868080 0 3°80 0-90 trace 
Teed. TT O58 1:50| .. 
Zine @esoeeeeseaeoaovenvpenvpeev0@ 0800 0:30 3°61 e@ 
Thallium .... e eeees e trace ee ee? 
Lime... ccsccccccceces oe 0°14 0:241| 406 
N 1: re e trace a@ 0-33 
Carbonic acid ceeccece | ce we 6-11 
AYTBENIC, .. 0. cece aeons oe 0-26 0:33 | trace 
OXY BON. ccc cccceccncsvece 0:23 025] 031 
Coal and loss .,....... re rn . | 14°45 
Gang crsscescccvoss eee | 11°10 8:80; 1:40 
Moisture ..........: ceeee | 0°17 090; 000 


99°88 90-91 /100-80 |100-16 |100°34 |100-30 
1863, 4 
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ierles of this district, where it occurs and is associated with coal, and is known by 
the name of coal brasees. But eines 1856 other and more abundant supplics bere 
been obtained from Spain, Portugal, ium, Westphalia, Norway, Sweden, and 
Tuscany. At t the total consumption of pyrites on the and - 
hood is about 70,000 tons per annum, representing value of about £105,000 Th: 
preceding Table represents the composition of the principal kinds of pyrite st 

t are chiefly fair average samples of cargos 


No. 1, Spanish p obtained from the districts of Huelva in Spain wi 
e in Po About 30,000 tons per annum used on the Tyne. No? 
Ditto. No. 8. One of the Belgian varieties, obtained from the Rocheux mix, 
Theux, near Spa. About 12,000 tons of Belgian pyrites used on the Tym pa 
annum. No. 4. Westphalian pyrites. Consumption on the Tyne about 8000 tou 
per annum, This is one of the most abundant sources of the newly-discoveri 
metal thallium. No. 5, Norwegian pyrites, obtained from the island of Ytterba, 
in the Bay of Drontheim. About 6000 tons per annum used on the Tyne. No.6 4 
rich variety of Irish pyrites, obtained from the Wicklow mines. About 4000 tw 
of Irish pyrites used on the Tyne perannum. No.7, Coal brasses, obtained 
from the Walker Colliery. About 7000 tons per annum used on the Tyne for ths 
manufacture of sulphuric acid. Other analyses of pyritea were also given in the 
paper. The process adopted by the author in estimating the amount of sulpht. 
the methods of burning, the treatment of the residuum, and various obj : 
varieties of pyrites were also described. 


On a Now Method of Measuring the Chemical Action of the Sun’s Rays. 
By Dr. T. L. Putrson. —_ 
The author happened to notice that a solution of sulphate of molybdic sci 
(that is, a solution of molybdic acid in excess of sulphuric acid) standing in bis 
laboratory upon a shelf which is partly exposed to the sun for about three hous 
each day became bluish green in the daytime and colourless again at night. 
In sunlight. ..., .MoO*+HO==Mo0?+HO? 
At night.....,..Mo0Q?4HO?= Mo0’+ HO. 
This ch is produced by the chemical action of the sun’s rays; heat will ot 


effect it; for the solution boiled did not colour. 
_Nothing is easier than to measure with greatest acc the ameud of 
reduction which takes by the sun's action in a given time, The actinometix 


liquid is prepared by dissolving molybdate of ammonia in excess of sulphuric si, 
introdu metallic zinc until the liquid becomes dark blue, and then adding s 
solution of permanganate of potash until the last drop restores the liquid to ™ 
primitive colourless state. A provision of the liquid having been made, twest 
cubic centimetres are exposed to the direct rays of the sun for one hour (11! to 13) 
each day. It is then withdrawn, and the amount of reduction measured by § 
stan weak solution of permanganate of potash. This is delivered from ! 
pipette with bulb and long thin stem, graduated into 100 equal division. Af 


each insolation, the degree read off the pipette gives for each day: the recur 
i t 


amount of actinism, just as a thermometer gives the degrees of heat. , 
From a short series of experiments, it ap that the variation of the chemical 
action of the sun’s rays describes curves which are not only irregular, but preweat 


sometimes sudden deflections, calling to mind barometrie curves, to which they = — 


perhaps be related. 


On Musical Sounds produced by Oarbon. By Dr. T. L. Parrsox. 
When a rod of glass is ded. by a string, and struck with a hammer," 
emits a beautiful musical sound-—a fact turned to account in the instrument 
the Harmonica. The same happens with phonolite, certain varieties of flint, snd 
few other minerals, In quarrying mountain-limestone, wedges are driven 
holes drilled. in the rock in order to break it and the enthor notioes once, B 
Belgium, e instant a separates in this manner, a peculiar m 
shoots through it. ‘Among the elamenta, none are perhaps more remarkable i 
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this respect than aluminium; a bar of this metal, suspended by a string and strack 
with a hammer, emits a musical sound like that of glass. He finds that the same 
occurs with compact homogeneous wood-charepal. The best plese experimented 
on was 11 inches long, 3 inch wide, and weighed exactly 82 oyrammes. When 
struck, it gave the high treble 0; and a piece weighing 206 grammes being 
struck off it, it gave the C sharp exactly. The note of the scale produced in these 
circumstances depends on the square of the length and the diameter of the substance 
struck; the duration of the sound, upon the duration of vibration produced by the 
shock. Cateris paribus, glass will ring after a blow 4 to 5 seconds, aluminium 
3 to 4 seconds, and charcoal 14 to 2 seconds, according to his experiments. The 
densities of these three substances are somewhat similar :— 


Glass .......4. speeoeeuronns 2-49 
Aluminium .............. vee. 2°62 
. Amorphous carbon ............ 2°50 


It appears that some years a performer at Astley’s Theatre executed a piece 
of music upon fragments of chareoel of different dimensions, suspended on strlage. 


On the Constant Increase of Organic Matter in Cultwated Sorls. 
‘By Dr. T. L, Purpson. 


On January 6th, 1863, an article appeared in ‘The Times,’ entitled * Exhaustion 
of Vegetable Mould,” followed by a “ leading article” upon the same subject, in 
which the writers stated that the organic matter of soils under cultivation is 
being constantly exhausted, that the vegetable mould is a most valuable constituent 
of soils, and that its loss is not replaced in any way in our present systems of agri- 
culture. The author refutes these extraordinary statements by bringing forward 
the determination by analysis of the proportion of organic matter in soils sub- 
mitted to culture for many years, compared with the quantity present in unculti- 
vated soils; and, supporte likewiee by the opinions of the late Professor Johnston 
and Baron Liebi ie proves that the organic matter of soils constantly increases 
by cultwcation, whilst their fertility steadily decreases,—this fact being due to the con- 
stant loss of potash, lime, phosphoric acid, &c. 

The vegetable mould or humus supplies chiefly carbonic acid; but as plants get 
abundance of this in the air and water they absorb, that given by decomposition of 
humus constitutes in most cases an excess. A certain amount of organic matter 
in a soil generally betters the physical condition by rendering it more porous, &c. 
The author insists also on the necessity, in analyses of soils of determining the 
amount of moisture by heating the soil to 105° O. as long as it loses weight, before 
proceeding to determine the amount of organic matter present. 


Researches on the Manufacture of Prussiate of Potash. By the late Joun Luz 
and Tuomas Ricnarpsoy, M.A., Ph.D., F.R.S.E., MBIA, $e. 

The celebrated manufacturing experiment of Messrs. Bramwell and Hughes to 
obtain cyanogen from the nitrogen of the air and charcoal, induced the authors to 
examine the old process of producing prussiate of potash, in order to ascertain what 
became of the nitrogen of the animal matter. 

The experiments were all made with the same mixture of materials, which was 

P 


formed of pure horn finely rasped, potash, and clean iron filings. A small quanti 
of water was added to assist in makin an intimate mixture, which was afterw 
carefally dried, and then ground to 4 fine powder. This mixture was composed of 

)S C6)»: 16-00 

Potash 20... . ccc cece cc ccccseevces 17°72 

Trom ....cceee ee cceeees pe eeee were, 300 

Moisture .......... cece ee eeees .. , 328 


A potash-charcoal was made by soaking 18 oss. of wood-charcoal with a solution 
of 4 ozs. of potash, and then fully dried. 4° 
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A gun-barrel was partially filled with the first mixture and exposed toa red 


heat in a separate furnace. the first and second series of iments the gases 
roduced in the gun-barrel were passed through the potash which was 
t at a red heat in another iron tube in connexion with the gun-barrel. In the 
third series of experiments the were passed through h oric acid; in 
the fourth series of experiments the gases were through the red-hot potash- 
charcoal, and then, successively, through h oric acid and a solution of potash. 


In this series of experiments the gases which escaped were collected and analyzed 
The prussiate of potash which was formed was extracted and crystallized. Th: 
smmonia was estimated by means of platina, and afterwards calculated into the 
equivalent of prussiate of potash. 
The theoretical yield eprassiate of potash was 382°50, and the results of th: 
experiments are shown in the following Table :— 


1. 2. 3 4 

' From the retort............ 101-97 135-46 146-98 14108 
. From the tube ..... cceeeee 68:25 63°54 _ 7100 
From the hydrochloric acid... .. oe 140-24 68:8) 
From the potash @esvoeevoeesd se e@ ee 2-75 
Total prussiate ....= 170-22 19900 287-17 27383 
cece cccecee ee ® D12DB 18850 95-33 10887 

Produce percent... 44:5 52-2 71 2115 


The gases evolved in the fourth series were collected after the experiment bad 
been some time in operation, and consisted of— 


Nitrogen .ccecscescscecees eeese ee 14:00 
Hydrogen eeoeovpceaennpeeupeevoseneenaeene 4600 
Carbonic oxide .....ccncscccoes .. 25°34 
Carburetted hydrogen ............ 1466 

100-00 


It therefore follows that a quantity of the nitrogen is lost in consequence of it 
being isolated; but the principal source of loss in the process arises from this 
substance escaping in the form of ammonia. 


On the Separation of Lead and Antimony. 
By THomas Ricnarnson, M.A., Ph.D., FRS.E., $e. 

Tho hard or slag leads of commerce are softened in the following manner:— 
A quantity of the lead is melted in shallow metal pans, and tos 
current of hot air; the antimony, alloyed with a certain quantity of lead, become! 
oxidized, and the dross which is formed floats on the surface, whence it is skimmed 
off by the workman. The lead which remains is now soft and malleable, and 
nearly free from antimony. 

en the dross is reduced to the metallic state, it may be submitted to the 

same Process, when a further separation of lead takes place. The droes from the 

second calcination contains the lead and antimony in about equal proportions 
beyond which this process of calcination cannot be carried. 

e following analyses show the changes which take place in these operations :— 


Eneiise Harp Leaps. 
Lead COSCO Her Ree Tee 99:27 86°53 52-84 
Antimony .........2 0°67 11-39 47-16 
Copper @eeeeegoenevuese ds 0-12 trace trace 
Iron peeeevneceevece 0-04 0-34 trace 
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Spanish Harp Leaps. 
Original Lead, First Calcination. Second Calcination. 
Lead ...cseeeeeees. 95°81 64-08 56°60 
Antimony .......... 3°66 20°84 43°40 
Copper ....... were. 0:32 5-90 traces 
Iron @essvoevpeoeeeoonore@ 0-21 0°20 . . traces 
100-00 100-92 100-00 


The author has found that the addition of a small quantity of soda ash to the 
dross, in the process of reduction, acts very beneficially ; and as it enables the work- 
man to work at a lower heat, a quantity of antimony is saved. This action is 
illustrated by the following analyses :— sonoas ‘ 


Without Soda Ash. With 24 por punt: Soda Ash. 
Lead ..cceecsecrccuee 82:88 ‘70 
Antimony ..........60. 16-09 40°66 
“Copper .sscccescccees 0-68 0°32 
Tron... cccccccccvccsece 0°35 0°32 
100-00 100-00 


The alloy of antimony and lead obtained in this process answers very well in 
the preparation of type iture. 

In these operations a quantity of refuse products accumulate in the smelti 
works, which are reduced in small blast furnaces; and after some time the h 
of these furnaces is uall filled with a spongy semifused mass, called a Cwesco 


by the Spaniards. e of these masses was analyzed, and found to contain 
Lead eeePesevreeaeaeeaeveaeenbtesadesaeosasdea 61°85 
Antimony «+++ +++ se eeecece cccecee a 
TO, 661 
Nickel @eevouspugpegeegeseenaegeespeaeeeoe segue 
99°76 


On the Use of Fuel in Marine Boilers. 
By Tuomas Ricuarpson, M.A., Ph.D., F.RSE., &§e., and T. W. Burnie. 


The object of these experiments was to examine the effects produced by mixing 
coals of different characters. 


As regards the use of fuel in raising coals may be divided into non-bitu- 
minous, semibituminous, and bituminous. e two latter cannot be burnt with 


close fire-doors without the formation of smoke, while the former require a peculiar 
stoking to obtain a maximum evaporative effect. 

In conducting the experiments at Her Majesty's Dockyard at Keyham, the 
character of the smoke was recorded according to the following scale :— 


No. 1 .....2.-cccceeesceee Very light. 
ight. 


2.. eeoegve ce ccccsceoes Lig 
8 eseesevpeuvnveeeaeuvpevenun eo ight brown. 
4 eee. eseevaeouesee0od 8 me 
5 .. e e @eeesevessne Black. 
. B vcccceeeese osseceees Very black. 


The experiments lasted six hours on an average, 20 that the number of 
marks which could have been recorded against any coal was 2160. 

When Hartley coal was burnt with close doors, the number recorded was 292, and 
against Welsh coal (Gellie Cadoxtan) the number was 40. 

When these coals were mixed in equal quantities and burnt in the usual manner 
with close doors, the number recorded was only 1. 

The details of these experiments were given in Tables, and the extraordinary fact 
is thus found, that a mixture of these two coals can be burnt in an ordinary steam- 
boiler furnace, with the usual stoking, without producing the smallest smoke. 

Another serivs of experiments has been made, which confirm the above obser- 
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vations, and the following Table contains some of the results, which possess more 
general interest :-—~ 


Lhe. of water Gabie feet of water 
Coal. rated from 100° F. per 99. 
by 1 Ib. of coal. foot of grate. 
Hartley. ......... oan cececees 10°71 4- 
Welsh ccccvnees 10°14 3°7 
Hartley and Welsh round coal ” 
mixed in ual quantities .. 10-45 34 
Hartley ro and Welsh 
dust coal mixed in equal 9-03 8-45 
quantities........ cee eeeee 
Analysis of 3 Deport from a Colliery Water contantng Sulphate of Baryta. 
By Tuomas Ricuarpson, M_A., Ph.D., PRS.E, fe. 


' In the year 1849 a spring of water made its appearance in the shaft of Walker 

Colliery, which Mr. Clarke, the mining engineer, carried off by means of a woodra 

pipe. e water was quite clear as it issued from the sides of the shaft, but it 

rapidly deposited a solid matter which soon filled the pipe. This deposit contains 
latge e 


8 quantity of sulphate of baryta, as indicated by ollowing analysis :— 
Sulphate of baryta ............ see. 9001 
Sulphate of lime Coetacedeon feee 804 
Peroxide of trom ......0ecsstsonces $0 
Silica @eebeeooseeasvntodvesetseoanaeatn 306 
Water @eevqesgoeuee@eoee see aeansseeceenenene 861 
90°61 


After the lapse of a short time the deposit ceased to form, and the author had 
no opportunity to examine the water The water most probably contained the 
baryta in some lower form, which absorbed oxygen as the solution fell down the 
pipe to the bottom of the shaft. 


On the Chemical and Physical Prineiples in connexion with the Specsfic Gravity 
of Liquid and Solid Substances. By Orro Ricuter, . 

In this paper the author endeavours to show that chemistry has for its founda- 
tion not @ simple, but a complex principle. On the one ‘hand, it is the purely 
chemieal principle, whatever its nature may be, which determines the various 
forms Of molecular arrangement; and it is the ponderable portion alone of the 
various kinds of atoms which, in their constant weight-equivalents, furnishes the 
basis of calculation. On the other hand, it is the purely physical principle, what- 
ever ite nature may be, which determines the specific volume of the molecules; 
and it is the imponderable portion alone of the various kinds of atoms which, in 
sheir variable volume-equivalents, furnishes the basis of calculation. ingly 
our tree of chemical knowledge splits up into two main branches, viz, 
Chemistry and Impondo-Chemistry. The author believes that all the chemical 
elements consist, not of single atoms, but of a definite number of such atoms asso- 
ciated according to some fixed principle of grouping, and thinks that all modi- 
fications in the | physical properties matter, “hick we are in the habit of distin- 

ishi y the terms polymorphism, allotropism, specific heat, fusing- and 

iling-points, crystalline form, optical and cloctro-tnagiaetio polarity, &c., ought 
to be considered as so many functions of one and the same variable magnitade, 
viz., the specific volume. He imagines, moreover, that the eighth part of the 
volume of ice, which Playfair calls the Unit Volume, is really the standatd whereby 
all the volume-equivalenta will one day be correctly measured and caleulated. The 
specific volume he regards as the resultant of the combined repulsive energies 
proper to the various species of molecules, and holds that these repulsive energies 
are directly proportional to the amount of vibratory movements developed in the 
system. ese energies he supposes to vary in range and intensity correlative 
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with the more or less partial suspension (paralysis) of these vibratory movements, 
and considers that all the endless modifications 2, the physical to a certain 
extent also, chemical deportment of molecules ought mainly and exclusively to be 
referred to paralytic agency ; and by no means, as is commonly maintained on the 
part of our most distinguished experi 

of atomic grouping. Thus, e. g.,M. Pasteur, in order to explain the phenomena of 
circular ization, at one time assigns as the primary cause of that pro the 
uneymunetrioal grouping of the atoms at two opposite regions of the influencing 
molecule; at another time, when discussing the case of chlorate of soda and its 
congeners, which are optically active in the orystalline state, but entirely neutral 
when in solution, he assigns a primary cause very different and even specifically dis- 


tinct from the former, namely, the spiral form of tion, which form, being 
destroyed in the act of solution, leaves the individual molecules optically, because 
constitutionally, inactive. The author thinks it unphilosophical to attempt an 


explanation of this class of phenomena, and which are in every t so identical, 
by means of two first causes, 20 easentiall distinct both in their form and in theif 
mods of action (the one being purely mechanical, and the other purely dynamical), 
and believes that circular polarization ought, on the contrary, to be referred, not tu 
the existence of chemical, but of physical dissymmetry, and that the reason why 


chlorate of soda loses its optical energy in the act of solution must be sought in the. 


temperature and the al state of aggregation, which te in re- 
storing the phypca symmetry, while the process of ation tants to produce 
the opposite 


In conclusion, the author states that for the last twelve he has been en~ 


On Titarnwm tn Iron. By Dr. Ruzzy. 


This metal, the authot observed, appeared in small cubical orystale, and had 
long been observed in blast furnaces used for making the best grey iron. Titanium 
ought no longer to be considered one of the rarer elements, as it occurs very e- 

, and is a constituent of clay. Stourbridge bricks contained at least Ret 
cent. of it. In mining-shales as much as 3 or 4 per cent. have been traced. e 
object of the pe rwas to show that, under certain conditions, it formed a con- 
stituent part of pig iron, and its presence appeared to have some beneficial effects 
in the manufacture of iron and steel, as it acted somewhat similarly to manganese. 


On Glass*. By R. W. Swuvsovurne. 


The paper treated at le on plate, crown, sheet, flint, and bottle glass. It is 
worthy of remark that o window glass was first used in Great Britain for 
architectural purposes at the great monasteries at Monkwearmouth, on the river 
Wear, and at Jarrow, on the Tyne. The venerable Bede, our first ecclesiastical his- 
torian, who flourished at the former place in the seventh century, relates that his 
cotempotary, the Abbot Benedict, sent for artists beyond seas to glaze the Monastery 
of Wearmouth. Such was the change made in their churches by the use ef glass 
instead of other and more obscure substances for windows, that the unlettered 
people avowed a belief, which was handed down as a tradition for many genera- 
tions, “that it was never dark in old Jarrow Church.”’ By a singular coincidence 
the first manufactory of window or crown glass in Great Britain was established 
at Newcastle-upon-I'yne within a few miles of these monastic establishments. In 
the year 1616, Admiral Sir Robert Maunsell erected glase-works at the Ouseburn, 
Newcastle, which were carried on without interruption till nearly the middle of 
the present century. Crown window glass is no longer made on the Tyne, and as 
an art it is declining everywhere; but the manufacture of sheet glass has of late 
years been most largely increased, and is carried on to a great extent in the ad- 


* This paper was drawn up by the author at the request of the Local Committees. 


xperimentallate, to certain alterations in the form | 


joining district of the river Wear, where the quantity produced by Mesars. James 

artley and Co, alone is very nearly equal to the entire produce of the six extinct 
crown-glass manufactories on the river Tyne. The beautiful art of coloured glam, 
or what is termed stained glass, has been carried on most successfully for some 
years in Newcastle by Mr. William Wailes and others; and the tasteful deagns 
and beautiful colouring of Mr. Wailes’s numerous works have given him a great 
celebrity throughout the kingdom. A great improvement has made in this 
description of glass, inasmuch as exterior staining has been superseded by giss 
made of the required tint in the crucible of the manufacturer. e glass, there- 
fore, is not stained, but is inherently of ita peculiar colour. This process of making 
coloured Biase in the crucible has restored the art to its pristine state, for in such 
manner this glass was made by the old masters. By its means the brilliancy and 
durability of the old coloured Glass has been obtained, and all the colours of anti- 
quity are produced by our modern manufacturers in greater brilliancy, ruby slone 
excepted. It is ascertained that there is something in the undulating and imper- 
fect surface of the glass of the fourteenth century which renders it more adapted 
to display intensity of colour than the more perfect glass of modern times. Hence 
the coloured-glass makers resort to the use of a glass, as the basis of their colour, 
which of itself is of the most rude and imperfect character. 

« The manufacturers of window glass on the river Tyne have originated many 
improvements in the process. In 1817 Mr. Charles Attwood, of this town, made 
crown glass by using the insoluble part of kelp, separated by lixiviation from its 
saline ingredient, which he rejected, and in its place he used the carbonate of soda of 
commerce. The analytical examination of this insoluble portion of kelp was under- 
taken in 1829 by the employés of a large crown-glass manufacturer at South Shields, 
with the assistance of the late eminent Dr. Turner, of the London University; and, 
after a long series of experiments, most seriously impeded by the excise duty and 
regulations, it was discovered that kelp in any form might be safely abandoned, 
and that better results with a great saving could be obtained by the use of lime and 
carbonate of soda. The alkaline ingredient in plate glass was for may years 
obtained from the Barilla, from Alicant, or Teneriffe, and was superseded by a2 
alkali prepared by Lord Dundonald, by the decomposition of common salt by car- 
bonate of potash—carbonate of soda and chloride of potassium being the results. 
The latter was separated by priority of crystallization ; and, the remaining liquor 
being evaporated, carbonate of soda was obtained in a solid state, and was 80 used 
by the plate-glass maker. This process was used in England up to the year 18%, 
when it. was discontinued at the Plate Glass Works at South Shields. Carbonate 
of soda of commerce, in a refined state, at less than half the price, was substituted, 
and its use has become general throughout England. 


A New Form of Gas-Battery. By W. Symons, F.CS. 


In Grove’s well-known gas-battery, as stated by the author, the greater part of 
the electrical action is developed at the line where the platinum, liquid, and gs 
come into contact; thus a very smai] portion of each platinum plate is efficiently 
employed. At the Glasgow Meeting of the Association, the author exhibited s 
battery of his construction, in which a much greater portion of the platinum was 
brought into action; but the battery now shown is far more compact and simple. 
The object is to render available the ongest section of the platinum ; thus, in using 
plates four inches long and half an inch wide, instead of having a line of action one 
inch long, by the arrangement now proposed the active portion will be two lines of 
eight inches each ; thus increasing it from one inch to sixteen. An arrangement 18 
required to keep up the supply of gas which is done by communicating with 4 
reservoir through glass tubes, connected by india-rubber joints with each cell. Small 
siphons are also arranged to keep the liquid in each cell at a uniform level. 


On the Composition of some New Zealand Lignites, 
By Muuray Tuomson, M.D., F.RSE. 


In general appearance these lignites are more like common coal than any other 
samples of brown coal that the author has ever seon. Some of them are compact 
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and difficult to break, and when broken, showing a conchoidal or semi-conchoidal 
fracture. Others, again, are very brittle, and exhibit a cubical or even fracture. 
The streak in all the samples is dark brown. It is only here and there through the 
masses that they show any traces of woody tissue. The mean specific gravity of 
six of the samples is 1:°340. These characters, when taken along with their 
chemical composition, would place these lignites in the variety of the earthy 
brown coals. 

In composition and in economic value, whether regarded as fuel or as sources of 
ene or oil, the Table which accompanies this paper shows that the New Zealand 
ignites are tly inferior to the coals of the carboniferous formation of an 
country; and especially are they inferior in the somewhat large amount of as 
which they contain. en, however, compared with other lignites, they must 

be regarded in a favourable light. 


New Zealand Lagnites. 
(The quantities are those contained in one ton.) 


Sp. gr 
2 aa 
. No. 8. | "105 - 
Seddle Hill (Otago) "6. | 1 1-896 ' 
game. . 8. | . | 1-147! 
1:337 
1:406 
39 3x9 eeee 13 
Ennerglyn (Nelson) Coal? (1266 
Lagnstes from other places. 
Provence (15 samples) .+. [1087-6| 864-6) 589-1 |275:5 
Hesse Cassel (5 samples) .. | 963-2 |1187-2 1000'2 hitoo ». | 1387 
UGA... . cece cece ee ees - - - 
South American (3 samples) - 206-00 ~» | 1:80 


samples of German Lignites yielded on an average 18 gallons of crude oil per ton. 


Définer par la Végétution P Etat moléculaire des Corps. Analyser la Force 
végétale par des Essais raisonnés de Culture. By M. G. Vu. 


On the Oxidation of Beta-Hexylic Alcohol. By Professor Wanxirn, F.R.S.E. 
This paper contained an account of some researches by the author and Dr. Erlen- 
meyer “On the Oxidation of Beta-Hexylic Alcohol.” Beta-hexylic alcohol—the 
alcohol which was obtained from mannite, and which belongs to a new series of 
alcohols isomeric with the alcohols of the vinic series, but differing widely from 
them in properties and reactions—is easily oxidized by a mixture of bichromate of 
potash and dilute sulphuric acid. Its first product is beta~hexylic aldehyd, thus :— 
BC, H,,0+0=8C, H,,0+H, 0. 
The next products are carbonic acid, water, and butyric acid, thus :— 
Hezylic Aldehyd. Butyric Acid. 
—_—-, ty, 
BC,H,,0+0,=2C0,+2H, 0+C, H, O,. 
The interest attached to this decomposition depends upon its furnishing a proof 
that two atoms of carbon in the beta-alcohol are differently combined from the 
remaining four, 
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In the normal or alpha-alcohol the first stage of oxidation is the production of 
the aldehyd, 


aC, H,,0+0=a0, H,, 0+H, O. 
The second stags, the production of the corresponding fatty acid, 
Caproie Add. 
~~ 
aC, H,,0+0=6, H,, 0, 


It would seem that, while in the alpha or common series of alcohols the unian of 
the carbon atoms with one another is quite regular, the reverse obtains in the beta 
series. 


On Fractwnal Distillation. 
By J. Aurrep Wank yn, Professor of Chemistry in the London Institution. 

Fractional distillation is resorted to in order to separate the single liquids which 
are present in a mixed liquid. The phenomena which take place during the distil- 
lation of a mixture are of a very complex order, and the general conditions which 
concur to produce the result may be enumerated as follows :— _ 

1. Composition of the mixture, t. e., relative proportion of the individual liquids 

resent. 
P 2. Tensions of the vapours of the individual liquids at the boiling-point of the 
mixture. 

8. Densities of the vapours. 
' ‘ Latent heat of the individual vapours, and capacity of the individual liquids 
or heat. 

5. Diffusion-coefficients of the individual vapours. 

6. Rate of distillation. 

7. Adhesions between the liquids. 

Whenever a mixed liquid distils off so as to yield a vapour di t in compo, 
sition from the initial liquid, it is obvious that separation is taking place; and if 
the vapour is continuously different in composition from the initial liquid, perfect 
separation is the inevitable result if the process be pushed far enough. 

16 author considers each of the above-named general conditions first separately, 
and then in conjunction with the rest. The rate of distillation he believes to be of 
particular importance, for that determines whether the individual liquids shall distil 
off mainly according to the tension of their vapours, or mainly according to the 
diffusion-toefficients of their vapours. Finally, he expresses his belief that bys 
proper regulation of the distillatory process any mixture whatever may be con- 
pletely separated into its individuals. 


» 


On Omidation by Ozone. By Dr. T. Woon, F.C.S. 


Accepting the fact that oxygen is capable of existing in more than one for, 
he called attention to the difference between the action o ordinary gen and the 
kind of oxygen which is commonly known as ozone. The res te ot ig experi- 
ments went to show that ozonized air is capable of supporting combustion mor 
powerfully than common air. Ozone was also a most powerful disinfectant. It 
entirely removed the smell of ammonia and sulphuretted h from decom- 
posed blood, and recoagulated the fibrine after it had been dissolved by the ammons 
generated during decomposition. At a temperature of 70° F. milk was most cesily 
curdled in ten minutes by ozone; albumen and fibrine are not decom by sone. 
Quills soaked in dilute acetic acid form excellent joints for apparatus in experiments 
with it. The author stated that in the neighbourhood of stables and such like 
places, ozone was hever to be found in warmth weather, and concluded with 4 few 
remarks on the antiseptic properties of ozone below 60° F. 


On Impurities in Lead and Molecular Motion. By Dr. Zenxun. 


This communication referred to a peculiar effect of molecular motion in 
impurities from metale—lead being instanced. The author classified the cur 
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ditions and forms under which the forces which cause these motions are exerted, 
and under which such phenomena exhibit themselves, as follows. First; when the 
substances have to be brought into a fluid state by dissolving them in water, 
alcohol, &o., for the p of crystallisation or for dialysis, as shown by the 
beautiful researches of easor Secondly, when the substances are 
brought into a fluid state by heat, as is usually done with metals, such as lead, 
antimony, &c., when it is intended to crystallize them for their purification ; but 
the miost remarkable instances are those in which the motion of molecules takes 
place without there being such facilities afforded to the mobility, as in the previous 
ivision, the substance remaining in a solid state. The third division was where 
the change produced by ical means, as is shown by the change of mal- 
leable fibrous iron by means of concussion into a crystalline and brittle form. 
Fourthly, the existing cause may be chemical action, of which hitherto only a few, 
but those very interesting, instances have been noticed. Another instance of 
molecular motion under the excitement of chemical action observed in the manu- 
facture of white lead bythe Dutch process, as used in this country, is the object of the 
. Thin sheets of metallic lead are exposed at a temperature rarely exceeding 

Tab - Fahbr. to thé action of the atmospheric air, mixed with the va of acetic 
acid and carbonic acid. They are converted into carbonate of lead; but when the 
lead used for this purpose has not the necessary purity, there are observable in the 
parts oxidized and converted into carbonate of lead layers of different tints, and 
especially the thin layer nearest to the remaining portion of metallic lead shows a 
decided difference in colour, being darker and generally of a reddish- hue, 
ising from the oxides of iron, copper, &c.; and the remaining portion of the me- 
tallic on being analysed, also showing an increase of the impurities. 


GEOLOGY. 


Address of the President, Wantxoton W. Surtn, M.A., F.B.S., F.G.8., Ohief 
Inspector of the Minerals of the Crown and of the Duchy of Cornwall, Lec- 
turer at the Royal School of Mines, Jermyn Street. 


Ir there is any one part of the British Islands where the vety name of the place is 
naturally associated in our minds with a particular geological formation, it is the 
town of Newcastle as associated with the Coal; and beyond a doubt matty of the © 
present visitors to this cradle and centre of the coal-trade will have made their 

ourney hither with the expectation of not only hearing communications on various 
branches of geological science, but more especially of adding something to their 
knowledge of the carboniferous strata. 

We are to be favoured with several papers dealing with different portions of the 
subject, and I am led to think that, with a view to their scope being fully appre- 
ciated, as well as for other reasons which I propose to set before you, it may be 
advisable that I should invite your attention to the state of our knowledge of the 
occurrence and history of the coal-measures generally, whilst I refer mainly to the 
phenomena which characterise that moet valuable region in which we are assem- 

led. 


In the short time which I will allow my Address to subtract from the hours 
which we require for the reading and discussion of the numerous papers already 
sent in, I shall only attempt as it were an overture, giving @ general outline of the 
carboniferous plot, and introducing a few notes to i ose passages which 
are most likely, in our successive acts, to demand attention and concentrate our 


interest. 

The Carboniferous System is commonly divided, for convenience sake, and in 
accordance with the structure of most Euro coal-fields, into three principal 
divisions, viz. the Carboniferous Limestone, the Millstone Grit, and the Coal Mea- 
sures. 1 need here say nothing of the Devonian or Old Red Sandstone system, or 
of the still older rocks which, in the abeence of the Devonian, form the foundation 
of that great division uf the geological scale with which we are engaged, The 
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Carboniferous or Mountain Limestone (the oldest group of strata for our consider- 
ation) might be hastily passed over, but for ita presenting in this northern district 
a transitional type between Scotland and the south of England no less important in 
its commercial aspect than interesting to the geologist in the various inquiries 
which it suggests, Turn to the Mendips, to Wales, or to Derbyshire, and we find 
the Carboniferous Limestone constituted almost exclusively of actual limestone- 
strata, amounting to from 300 or 400 to above 1500 feet in vertical thickness, and 
never exhibiting other than the smallest traces of beds of coal. But in Yorkshire 
a change seta in: the carboniferous action, if I may so term it, applies the thin end 
of the wedge, and small seams of coal, of but little value, are intercalated among 
the beds of limestone, and are associated with a large proportion of shale and sand- 
stone, stratified with a remarkable regularity. Advancing northward, these seams 
increase in number and importance. Throughout the great moorland region which 
culminates in Cross Fell, the same strata, rising from far beneath our feet as we 
stand here on the lower Tyne, emerge to the daylight, and compose the 

of the Pennine chain which, with its lofty and heather-purpled undulations, forms 
the broad dividing ridge of northern England. 

In the region of Weardale and Aldstone Moor, where in the becks and burns, 
and in the t escarpment which towers above the valley of Eden, excellent ex- 
posures of the strata invite their study, the shales are often very similar to those of 
the coal-measures, though containing but few vegetable remains: the sandstones 
and grey beds frequently exhibit stems and fragments of plants familiar to us in the 
over ying strata, and the coal-seams are crowcoal or anthracite, resting on a bed of 
indurated silicious silt or of clay. 

Northward, however, of the great fault which runs nearly parallel to, but south 
of, the Newcastle and Carlisle Railway, the coal-seams become, and as it appears 
suddenly, bituminous, and the lower division of the limestone admits more numerous 
intercalations of shale, sandstone, and coal; and when we follow it to the upper 
district of the North Tyne, and beyond the river Coquet, the violent folding and 
contortion to which the strata have been subjected bring into view new basins or 
fields of coal. The true position of these is far beneath our ordinary measures, and 
has been recognized as such in Scotland, where they attain a vast importance. In 
the Berwick district, which has been minutely described by Mr. Boyd, it would 
appear that about 400 fathoms of carboniferous-limestone measures have been de- 
tailed below the WhinSill or basaltic bed, and about 100 fathoms above it, including 
in all twelve seams of coal of from two to four feet each. Certain of these, the 
Scremerston seams, appear to be remarkable in having a limestone roof. For the 
detaile of another of ee basins of fhe limestone. ims refer you to an ex- 
cellent paper by my indefatigable friend Mr. Nicholas , published, as is Mr. 
Boyd ’s paper, in the ‘ Transsctions of the Institute of Mining Engineers.’ 

t us pass from the upper beds of the limestone to the next overlying group of 
deposits. The millstone-grit or Farewell Rock, as it is sometimes zalled by cal- 
liers, embraces a series of strata unproductive in coal, and in which conglomerates 
and coarse and silicious grits often preponderate. With this rugged crown many 
of the fell-tops are capped ; but before it bends downwards to pass under the first 
strata of the coal-measures, we may frequently find with it strata of shale, and 
sandstone, and fire-clay, roughly similar to those of the true measures, yet present- 
ing to a practised eye peculiarities of structure and colour. 

As we descend eastward from the higher ground of the moorlands, on the edge 
of which the first or Brockwell seam of coal is traced, and as we find new and 
higher seams constantly succeeding, and the strata inclined regularly towards the 
sea, We pass into the midst of that tract which, extending from the river Coquet 
on the north to near the Tees on the south, for 50 miles in length, forms the great 
northern coal-field. The greatest thickness attained by this formation is ly 
not more than 2000 feet. But it would be vain for me, within a limited time, to 
ofler you details of the strata—a subject which has been amply treated by Mr. Bud- 
dle, Mr. Wood, Mr. T. Y. Hall, Mr. Greenwell, and others. Let it suffice to sa 
that in this thickness there exist, associated with shales of many varieties and wi 
fine-grained sandstones, some 57 beds of coal, from an inch thick upwards, com- 
prising in all 76 feet of coal; whilst those which are considered the workable seams 


ed 
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are twelve in number, giving an te of about 50 feet of coal. The most 
famous of these seams, from above downwards, are the High Main, the Yard Coal, 
the Bensham, Five Quarter, Low Main, Lower Five Quarter, Ruler or Hutton 
Seam, the Townley or Beaumont, the Busty Bank, Three Quarters, and the Brock- 
well. 

On the east the coal-measures are overlain, in a line running from South Shields 
past Houghton-le-Spring to near Bishope Auckland, by the Permian Series, repre- 
sented by the Magnesian Limestone and the Lower Red Sand—that unequal and 
water-bearing which forms the t obstacle to the sinking of shafts to the 
wanderlying coals. Prejudice, it is well known, even after the difference of these 
strata from the mountain limestone was proved, long contended that the coal could 
n$t be found continuous beneath the magnesian limestone; and it is still asserted 
that the seams have proved inferior when they pass beneath it, as shown jally 
by the failure in certain tracts of the Five Quarter and Hutton Seams. But no 
sufficient reason is apparent why such deterioration is not rather to be ascribed to 
that variation in quality which all seams are found to undergo when followed over 
a large area, than to the evil influence of an unconformable upper formation. The 
variation here alluded to exercises an important bearing on the commercial rela- 
tions of different parts of the field; and whilst the best “household coal,” bright, 

iving a black cinder, and free from ash, extends from the Tyne to the Wear, and 
the last river to Castle Eden, and occupies another area about Bishops Auck- 
land, the steam coal, more dense, and yielding a white ash, characterizes the dis- 
trict beginning some five miles north of the Tyne; and the tender coal, best suited 
for coking, is ly worked all along the line of the western outcrops, from Ryton 
down to the outskirts of Raby Park. 

As regards the physical agencies which have impressed its present form on this 
great coal-field, I would remark that they appear to have acted with upheaval in a 
north and south direction, as evinced by the regular strike over a great length of 
country, This was accompanied or followed by transverse fractures resulting in 
several very pronounced hnes of fault. Two of these, running respectively east- 
north-east and east-south-east, are the whin or basaltic dykes named the Hett and 
the Cockfield dykes. Of the others the most noticeable is the great fault called 
the Ninety-fathom Dyke, which, starting from the coast near Cullercoata, where it 
displaces the strata to that amount, ranges past Gosforth to Blaydon, and then 
entering on the more hilly ground, may be traced westward to the x ew Red Sand- 
stone of the neighbourhood of Carlisle. Along this western part of its course its 
throw is so great as to inlay, as it were, on its north side, in the midst of the lime- 
stone district, a long strip of the coal-measures of the Newcastle field, and thus to 
give rise to the collieries of Stublick, Midgeholm, Tindal Fell, &c. 

The coals and other strata of this field have sometimes been compared with those 
of Belgium ; but when we regard the decided east and west direction of the trough- 
ing and folding, and the vast number of thin seams which are so noticeable in the 
latter, we may conclude more properly that it is in the peculiar and often similarly 
circumstanced coal-field of Somersetshire that we have to seek for the direct con- 
tinuation of the field of the Low Countries. 

Let us now cast a brief glance on the theoretical side of the subject. Upon the 
mode of origination of the limestone, the shale, and the grit or “ post,” little dif- 
ference of opinion is now entertained. That.the coal itself has been formed purely 
from vegetable matter can no longer be questioned. The view originally pro- 
pounded by De Luc, that the vegetation now composing our coal-seams grew on 
the soil which actually forms the bed or “thill” of the seam, has met with very 
general acceptance, notwithstanding the difficulty of adopting it in certain excep- 
tional cases. That this dense mass of vegetation flourished and swelled over an 
area frequently subjected to depression beneath the neighbouring water admits of 
but little doubt. Such an hypothesis serves to explain not only the equable cover- 
ing of the coals with their roofs of muddy or sandy matter, afterwards consolidated 
into shale and grit, and exhibiting to our gaze the remains of mollusca and fishes 
which tenanted ¢ the waters of those depressions, but indicates also the mode in 
which certain seams have been divided by a parting almost imperceptible in one 
place, but amounting to many feet in another. The well-known Busty Bank seam 
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of the western district, some 5 feet thick, including a clay band of 11 inches, is thu: 
divided, in a distanee of two or three miles, by the increase of the Parting to 18 fost, 
into the Stone Coal and the Five Quarter at Gareafield Colliery. A moge re- 
markable instance is the Tow Law seam, at the works ao called, 6 feet 8 inches 
thick, which, by the increase of a parting as it goes eastward, exhibits at Bowden 
Olose Colliery, only three miles away, two seams divided by no less than 16 fathoms 
of ground, in which beds of sandstone or “post” and even thin seams of goal have 
been intercalated *. 

Suoh partings, when composed of shale, are often one mass of Siigmarie-impees, 
sions, and thus form no exception to the generally important pert which that {oa 
playe as the root of the chief plant of the coal. But when ings consist of 

ined clean sandstone showing no trace of rootlets, I confess the sp- 
pearance of bright solid coal resting upon them seems to me to demand some other 
explanation. ces of this kind observed in South Staffordshire and in the 
itehaven Collieries induce me ta think that the material must in some case 
have been introduced between the lamin, and sometimes even diagonally athwart 
them, subseqnently to the solidification of the coaly matter. 

But there are several curious phenomena as to which a doubt frequently arise, 
whether they are due to action during or after the formation of coal; and 
deductions of no small practical importance sometimes depend on the qus- 
tion. Thus Mr. Hurett has given a very exact account of irregularities, 
especially swellies, oy narrow depressions in the Low Main which appear to 
have been formed prior to the deposition of the upper seams. the other hand, 
Mr. Marcus Scott has excellently described { a broad valley of denudation which 
was eroded in the coals of the Shropshire field, and filled in with higher anpr- 
ductive measures. 

Again, with some of the slips and faults, or “ troubles,” we may occasionally ob- 
serve both coal and ironstone beds so to change in approaching them, or to wy 
s0 much on opposite sides of them, that whilst in some few casea we may be led to 
suspect their contemporaneity with the beds themselves, there are many more 
which we cannot explain without supposing that the coal must at the time of the 
disruption have been moulded and squeezed in an almost plastic condition. 

In the determination of the plants of the coal much been dona; and the 
Newcastle names of Hutton and Witham have gained deserved honours in the 
cause, But a great deal remains to be accomplished by microseopic inquiry, and 
by the observation in the pita themselves of the plants which accompany pertica- 
lar seams. Gippert tells us, of certain coals of Rhine-Prussia and Sileaa, that 
different seams are distinct! formed of different plants, —sometimes Sid 6 and 
Lepidodendron, at others Conifers, and in many Skgmana bei y prom)- 
pent, May we not by degrees connect the ular and perhaps varying character 
of seams with the special plants of which they are formed? and may we not thu 
advance to a much clearer perception of the true character of those wondrous 
primeval forests f 

And here I would remind you, that whilst some of our guides in coal geology 
incline to the opinion of a marine origin for their plants, thus bringing them int 
natural contact with the fishes and the probably marine shells often found in the 
shalea, others insist on a terrestrial vegetation, and a third party on that of lagoom 
or sea-swamps and bogs. The last few years have given some weighty arguments 
to those who insist on a land-forest, however near to the water-level it may have 
been. We but recently know that among those giant stems woot that the busy 
hum of flying insects and the merry chirp of the cricket were that ecorpicns 
curled their ominous taile, that land-shells crept alimily along, and that severd 
genera and many species of reptiles either pursued their prey along the ground 
climbed the trees whose hollow trunks have formed the casket to contain ther 
remains, Here then is a goodly population to vivify the scene which only ¢ few 
years ago was held to be almost wanting in all but vegetable life; and when we 


* This remarkable instance has been described to me by the veteran and scoomplished 
ie a entped Mr. O. Attwood. ' 
Transactions e Institute of Mining Engineers, 1860. 
¢ Quart. Journ. Geol. foc. of London. 
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consider the accidents which have, amid the great decomposition of organic 
matter, preserved to us those remains, generally enclosed in ironstone nodules, 


We must feel confident that coming years will have many an additional fact to 
ose. 


Be 
banting the thick seams of the t main goal field. I have been greatly interested in 
unting up the same gro e well-known Avi papyraceus, Goniatites 
Listers, Orthocoras, and "Lingula—in Derbyshire, in North Staffords ire, and in 
North Wales. pigein, they occur very similarly in South Wales, at Merthyr and 
Nantyglo, and er west in the Kilkenny coal-field. I have devoted at intervals 
several days to the search for them along the outcrop of the Durham district, but 
hitherto unsuccessfully; and whilst their occurrence lends great force to the pro- 
bability of the original unity and the subterranean connexion of most of our coal- 
fields, their apparent absence in the Durham and Cumberland lower coals appears to 
indicate a peculiar difforencejin the conditions of deposition. The identification of 
distant seams, and of low as compared with high measures, appeared on this evidence 
very feasible; but Mr. Hull has not long since shown that caution is still needed 
by announcing the occurrence of the same group of fossils in the roof of what 
ap to be a higher seam in Lancashire. 
t is, I believe, only from the fossil side of the question that we can obtain a 
proper view of the position, with respect to true of the capnel, the Torbane- 
or mineral, and bituminous shales. These various eubstences, whose 
affinities have formed the subject of such serious litigation, may ocour interstrati- 
fied with, and under circumstances analogous to, the seams which we all, without 
exception, recognize as coal; but when we come to examine their fossil character, 
the evidence thus obtained seems to me to point to quite a different mode of for- 
mation. On the one hand, observe in the coal the comparatively uninjured cellu- 
lar tissue of the vegetable mass, and the remarkable freedom from simultaneously 
deposited foreign matter; on the other hand, take the series beginning with the 
best cannels, and passing through the various grades of the carbonaceous end 
bituminous shales, the “parrote” and the “rattlers” and the “blagk bate,” and 
you find that in these latter an unbroken transition linke the one to the other. In 
oe vieat press of fish th, swale’ “io onite and occasionall anh ite ‘on 
uent presence -tee es, an rolites, i y of mollus 
indloste conditions different enough to warrass t » geological, let alone a technical 
se 
the shales which form the roof of a bed of coal be carefully examined, it will 


When they are of that homogeneous, fine-grained, and tenacious quality 5 which 
e -seam 


with the coal is, with certain seams and in certain districts, a matted layer of large 
Sigillaria, Lepidodendron, &c., intermingled with fronds of ferns, 
whilst st a few inches higher we reach a band consisting exclusively of the flag 
like leaves of Poacttes, or a bed containing fish-remains and the Unto-like sh 
ich recent researches have divided into several genera. In other cases, a9 
notably in the “ Bottom Hard” coal of Shipley in Derbyshire, the immediate roof 
exhibits millions of a amall brown “ Unto” ; and as you walk in the worki ou 
look up at the bottom of a “ mussel-bed ” where whole generations of the mollusk 
appear to have lived and died. Time would fail me were I to attempt to specify 
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instances, but it is important to suggest to you that this is a class of phenomena 
eapecially calling for the observation of local workers, and one which, I venture w 

d, would relieve the monotony of mere businesg underground visits with an 
interest of a wider and a higher character. 

It is well known that the ironstone bands of the coal-measures are among 
the most prolific sources of the objects of these studies, and I must, im coa- 
clusion, refer to the very interesting lists and parallels of fossils prepared by 
Mr. Salter for the two last numbers of the “Iron Ores of Great Britain,” in the 
‘Memoirs of the Geological Survey.’ The rich stores obtained by sealous cl- 
lectors in South Wales, and those yielded by the productive strata of the Pot- 
teries coal-field, have been formed under his hands into a very valuable 
foundation, upon which I trust that we may soon see in course of erection a sy 
tematic and comparative natural history of the British coal-fields. 


On the Metamorphic Origin of the Porphyritic Rocks of Charnwood Forest. 
By Professor D. T, Ansren, F.#.S. 


The proposition of the author was that the so-called igneous rocks of the district 
were a series of metamorphosed sedimentary deposits, probably comperable with 
those of North Wales. The slates of Charnwood, with their contained rolled pebbles 
and faint traces of life-remains, are known to alternate with rocks having tbe 
appearance of syenite; but he regarded the whole as of sedimentary origin, 


On a Deposit of Sulphur in Corfu. By Professor D. T, Ansrep, F.RS. 

Among certain gypseous marls and extensive deposits of gypsum on the narthem 
side of the transverse limestone-axis of the island of Corfu many thin seams of native 
sulphur, almost chemically pure, are known to occur. Of these one series, from } of 
an Inch to 1} inch in thickness, was examined by the author; and he was informed 
of another lower series of thicker beds. The surface of the sulphur in some cases 
presented a somewhat stellate appearance not unlike that common in wavellite. In 
the village of Spagus, near the deposits, the houses and walls are built of the 
gypseous rock, with occasional sulphur bands. Springs of water, smelling strongly 
of sulphuretted hydrogen gas, exist in the neighbourhood. A large quantity of 
sulphur had been removed for local use. 

e sulphur has not been found on the south side of the principal mountain-axis of 
Corfu, though it recurs in some of the other Ionian Islands, especially in Cephalonia 
All the islands are subject to frequent earthquake-disturbances, but these are by no 
means synchronous—the earthquakes that affect the different islands not being in any 
way identifiable. Thus, within the author’s experience, earthquakes had occurred on 
one day in Santa Maura and on the same day in Cephalonia at a very short distance, 
but by no means at or near the same hour. The author connected the sulphur 
phenomena with the volcanic operations going on at a moderate depth beneath 
the surface, 


On some Facts observed in Weardale. By C. Atrwoon. 


On the Pennine Fault in connexion with the Voleanic Rocks at the foot of 
Crossfell ; and with the Tyndale Fault, called The Ninety-fathom Dyke.” 
By W. Barnwninvee, F.G.S. 


After a brief description of the great escarpment of the Mountain Limestone 
system, underlaid at the base by the Old Red Sandstone conglomerate, the effects 
of the fault are traced in the line of “ edge beds” from Ravenstonedale to Tindale 
Fell, which consist, in different places, of the Great Scar Limestone, the Old Red 
Sandstone, the Silurian Slates, the Coniston Grit and Limestone, and northwards 
from Hartside Fell of the higher beds of the Mountain Limestone system. 

The band of volcanic rocks, about two miles in its width, 1400 feet in 
height from the base in Murton Pike (the highest of the Pikes), and about 20 miles 
in length, occurs between the New Red Sandstone of the Vale of Eden and the 
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mountain chain, and is diversified b many most picturesque forms as well as 
many shapeless mounds. Crossfell and the adjoining region form the highest parts 
of the Pennine chain, and, opposite the greatest elevation of the volcanic on 
the other side of the chain, ten miles distant, the basaltic bed called the “ Whin 
sill” attains its t thickness (40 fathoms) and its greatest intensity of 
chemical action. The Red Sandstone is washed up into all the irregular spaces 

of the hills, both limestone and volcanic, thus proving its deposition after the 

elevation of the hills was accomplished. ; 

The volcanic band is described in detail from near Brough, in Westmoreland, to 
Hartside Fell. Murton Pike is conical, and abuts against a lofty convex cliff of 
limestone, resting also partly on its ledge above. Dutton Pike, a striking pyramid 
of 1575 feet of absolute height, and about 1000 feet from the base, with a slope of 
from 28° to 33°, is completely isolated. The rock is apparently cut off on the 
north by the great Crosegiill vein traversing the Alston Moor district east and west 
for many miles, and ending at the escarpment; and the southern limit is very 
mear the great independent dislocations in Lunedale and Stainmoor, which produce 
so much confusion in the neighbourhood of Brough, and even change the south- 
ward course of the Pennine Fault. 

Between the Eden New Red Sandstone and the western side of the volcanic 
band there is a narrow line, often faintly traced, of limestone and shale beds, 
dipping rapidly under the Red Sandstone, which have been broken off from the 
chen b the fault. The limestone is light blue, dark blue, brown, and almost 
white, and often crystalline. The greenstone passes into slate, grey or whitish. 
The former is a dull dark substance, varying in hardness, liable to decomposition, 
but often very compact. Analysis of specimens from Dufton Pike :— 


Greenstone. Slate. 
Silica ........000- coceee 25 Silica...... cecccevccessee 10°50 
Iron and alumina..... .- 1d Iron and alumina......... , 
jaime wuorrrsterereeene 5 Lime ...... cee cnccces ese. trace 
esia seeoeoe ev @ee0e8e6086 trace Magnesia @®eaesveevoeveee0e8cd09 @ trace 
Lom—hesting ........., BEBO | Loss ..... cece cece eens 1: 
Alkalies and matters not found 


99°50 by difference..........0. 
- 100-00 


On the west side of Dufton Pike occur beds of granite, apparently in round or oval 
deposits, and like that of Shap Fell. Smooth boulders of this granite, of basalt 
and of quarts rock, are dispersed on the flanks of the chain and on the volcanic 
hills. There are also veins or dikes across the line of volcanic action, containing 
quartz, felspar, and talc, There are signs of parallelism in the process of eruption ; 
but there ia no appearance of craters. The three large Pikes are striking ex- 
amples of regular forms produced by processes of degradation. 

the ninety-fathom Slip-Dike, or Tynedale Fault, is then traced from the sea to 
Hartley Burn, where the narrow line of the Newcastle Coal-field, thrown down to 
the north by the fault, disappears. A large basaltic dike accompanies the fault for 
many miles across the rivers Allen and South Tyne, at 200 yards’ distance on the 
south. Another basaltic dike passes on the north side of the fault from Choller- 
ford, crosses the Tyne thrice, and is supposed to enter the Hartley Burn district con- 
siderably north of the coal-field there. This coal-field has been worked to the 
extreme weet end, where it appears to be cut off by a slip-dike running N.N.W. 
and afterwards W.N.W., and much broken and very irregular. It appcars to rise 
to the W. and N.W., and the coal-beds dip for about 40 yards to the north. This 
outcrop of the Newcastle Coal-field is only three-quarters of a mile distant from 
that of Tindale Fell, in the mountain-limestone chain. It seems, therefore, pro- 
bable that the former coal-field is simply terminated Oy its junction with the 
Pennine chain. A slip-dike, seen near Blenkinsopp, may be the same that appears 
to cut off the coal, and afterwards to pass by the base of Halton Lee Fell, through 
Tindale Fell, into Geltsdale. The vertical beds appear faintly, but distinctly, in 
Blackburn in this direction. The alip-dike that throws down the Tindale Fell 
eae Talkin Fell, for 40 fathoms, runs W.N.W., and appears to be confined 
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within the mountain-limestone system. A basaltic bed, that chars the coal, mda- 
lies the seams at Hartley Burn and olme. 
In consi the connexion between the two great faults, we are led to the 
question of geological age. If the faults had taken place at the same time, the 
age of both might have been fixed d the Permian viz. after the de- 
tion of the magnesian limestone, an ore that of the New Red Sandstone. 
en at one end, there is the overthrew of the magnesian mestone at Cullen 
and at at the other, the almost vertical disturbance of the magnesian 
h, and the unconformable deposition of the Eden New Red 
senna 2 mountain limestone and the igneous rock. The deposition of New Red 
dstone upon the small Ingleton Coal-field is also noticed. As this sandstone 
{s wanting at the mouth of the Tyne, and as the edale Fault is not observed to 
penetrate through the chain into the Eden New Sandstone, there is negative 
evidence to the effect that the fault might have occurred after the Permian system 
mplete. On the other hand, the two faults mips epperent] -have occurred, 
as one physical event, or as nearly con us, after ition of the 
coal-measgures, which are disloca by the ihe Mynolale ye, and ore that of the 
New Red Sandstone. In that case, the coal ought still to have existed on som 
parts of the mountain chain. But there is not a vestige of coal on that chan 
Etroughout its entire length, from the base of the Cheviot to its southem limit 
rrened either be of one dhet chain, and the crisis of the Pennine Fault, mat 
hav he either before the ° deposition of the coal, or after the ehain had ben 
denu of coal already deposited. But the Tynedale Fault is supposed to throw 
down the coal 1200 to 1800 feet at ite intersection of the chain, not far from its 
axis. At any rate, it is thrown down there from a considerable height. It cas 
hardly, therefore, be doubted that the coal pnee existed throughout the chain Hite 
the millstone-grit, and was washed off the partial 
chain. In that case, it would follow that “the ya Foal oocaring fr 
deposition of of the magnegian limestone, and before that of the 
is older than the Pennine Foul, and that the latter fault, with all its volcanic co- 
within the same gtological ‘epochs, but after the 
produced b the Tynedale Fault. This denudation of coal would of com 
imply an intermediate subsidence of the mountain-limestone system, d om, during wi 
the zoal of ‘the chain, both north and south of its depression along 
the line of the Tynedale Fault, would be washed away. When th the chain again 
began to rise after the denudation of the coal, the present abrupt tarminsti © 
Tindale Fell towards the north, and its 8 great height above the plain 
occasioned by the unequal elevation of the saiabo i in ‘be ng 
bourh ¢ the Tynedale Fault, on a different axis which prevails north of 


There ap pears to be direct evidence in the disturbed magn esian conglometsies, 
near Broug that the Pennine Fault, which followed ‘the f foal elevation of the 
ay have occurred after the dislocation of the magnetian limedone © 


Pennine and Craven Faulte Sroced limestone epoch, od that the 
Tynedale Fault was of vomeebet later rato e ona tise a close betwee 
the small Ingleton Coal-field and that of Hartley Burn. But there is a 
ence, that, tho h app parently thrown from an slmost equal height, the 
coal is not absolutely detached, like that of Ingleton, from o 
of the same kind, but is connected directly an continnonaly with ows 
Coal-field ; that the seams do no of a8 at Ingleton, thin off to n , Without any 
ap arent cause, but are quite as t ik thereat af any other pce the ling 
and are cut off by dislocations of it extent, it is possible eetemiort Ingision bees 
may, from causes operating on a tract, have escaped 
afterwards thrown ae the Craven Fault. The existence, therefare, of ths 
line of coal seems to show that the Tynedale Fault must have preceded the Par 
nine Fault, Asa general rule in this district, the east aud west veins are 
than the north and south veins; and the same rule may prevail with with ropes 


wa 
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to large fractores or faults. This priority appears to be most’ récondileablé with 
what 1s now to be seen. If the Pennine Fault had been first, it might naturally 
have been ex to have extended in a straight line northward towards Eek- 
dale; but it does not extend beyond the line of the Tynedale Fault; and, on the 
river Irthing, the beds are remarkabl , in a dip 8.8.W., and without any 
trace of faults, running north and south. in, the Tynedale Fault might perhaps 
have been expected to penetrate the Pennine chain st this point of supposed de- 
pression. On the other hand, the previous existence of the Tynedale Fault, a8 B 
‘vast cross fracture, might be expected not only to influence the subsequent eleva- 
tion of the chain, but to cause the divergence of the “ edge beds” of the Pen- 
nine Fault towards the N.E., and, in part, to deprive that fault of its usual power, 
Both these effects appear to be atill visible ; yet, after all that has been said; there 
is abundant scope for further observation and. reasoning, 

On the Physical Condition of the Earth in the Earlier Epochs of its History, : 

| By the Rev. Jauzs Bropre, Monimail. 

The author maintained that the condition of the earth in the earlier epochs of its 
history may have been the effect, not of internal, but of external heat, in the fol- 
lowing propositions:—1. The greater heat of the temperate and polar regions, in 
the earlier eras, cannot be accounted for on the supposition that the distribution of 
land and water was different from that which now existe. 2. The change which 
seems to have been produced on the metamorphic rocks was not caused by heat from 
within acting upon them while they were covered with a mass of superincumbent 
strata. 8. We have no conclusive evidence that the temperature of the central part 
of the globe is higher than that of the surface. 4. There is no evidence that the 
preet mass of the earth has ever been in a fluid state. 5. All the phenomena 

itherto observed may be satisfactorily accounted for on the supposition that the 
earth was at some former time to t external heat. 
. The general inference which he deduced from his observations was that, in all 
speculations in regard to the physical condition of the earth in former epochs, it 
ould ever be kept in mind that an increase of temperature implies an increase of 
atmospheric pressure, with all the effects on chemical combinations and animal and 
v development which such an increase would produce. 


On Artificially produced Quartzites. By ALEXANDER Bryson, 

The author gave in detail the results of experiments he had lately made with 
certain siliceous minerals, A brown crystal of Cairngorm quartz, exposed to the 
heat of a brick-kiln for six days, lost its carbon and came out white, having, never- 
theless, increased in specific gravity from 2°6458 to 26571. An amethyst treated 
in a like manner became changed into opal; red granite of Peterhead so exposed 
turned white, but black basalts came out red, and the colour of Arran pitchstones 
was found to be permanent. He also exhibited a alice of silicified monocotyle- 
donous wood with annular layers, in which the crystals of silica were observed 
to have broken up the tissues of the plant. Referring to the question of fluid in 
siliceous rocks, he believed that no cavity had been filled at a higher temperature 


On the Causes of Earthquakes and Volcante Eruptions. 
By J. ALEXANDER DAvIiEs. 
The th of the suthor Was that these phenomena, generally preceded 
stoompbero alterations unusual in degree, wore also connected with them, ant 
I caused by them. 


On Two New Coal-plants from Nova Scotia. By Dr. Dawson. 
b One of the | plants (Z. Acadianus) belonged to the genus Lepidophloioe of Stern- 
erg; the other was an example of a of Lepidodendron, ¥ afacteristic, in 
Nove Scotia, of the Lower Cosl-moamune associated with the Lower Carboniferous 
Limestine. The suthor concluded that the ariginal species of Starnberg (1. Larie 
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einum) was founded on the fragment of the bark of an old trunk, having the leai- 
bases flattened, and hence described as scales. It was evidently, in short, closely 
* allied to the specimen described. The genus Ulodendron was, he thought, identical 
with , ios, but apparently founded on specimens having leaf-bases 
preserved, with the cone scars, but wanting vascular scars; but he was in doubt as 
to the claims of the name Ulodendron on the ground of priority. It ap to 
him that the generic names on, Lomatophloios, deptozylem, 
and Bothrodendron should be abolished in favour of , untess indeed it 
should appear that any of these names had priority in date. The second plant 
described was the Lepidodendron corrugatum, which was one of the most abundant 
in the Lower Coal-measures of Nova Scotia and New Brunswick. The species 
was remarkable for its variability, and also for the dissimilar ap ces of old 
stems and branches occasioned by the separation of the areoles in the growth of the 
bark, instead of the areoles themselves increasing in size, as in some other Land- 


On the Relations of the Cumberland Coal-field to the Red Sandstone. 
By W. Marruus Dunn, Government Inspector of Coal-mines. 


The author's practical investigations in the collieries of Ellenborough, Aspatris, 
and Crossby led him to consider that the main coal-field of the district yet remained 
untouched, as it had been downcast by faults beneath the Red Sandstone rock, 
which he is inclined to regard as the superior stratum of the Carboniferous system. 
Quoting several authorities in su of his opinion that the bottom of the 
basin would be found at and around Silloth Harbour, he pointed out the importance 
of determining the question, and described the trial stinkings now going on near 
Wetherall and at the Aspatria Colliery. 


On a Salamander in the Rothhegendes. By Dr. Gurntrz of Dresden. 


It was found some years ago in a slab of grey-marl slate, at Selberg, near Braunau, 
belonging to the lower Rothliegende, not to the Kupferschiefer. Dr. Geinits had 
prov e relation of this fossil with the living Siren lacertina, L., of North Carolina, 
so that he was persuaded he had in the fossil an old and gigantic Siren (a Sala- 
mander), whose dimensions exceeded those of the living species about ten times. 
There were preserved three and a half vertebre, with a part of the skin; and the 
name proposed was Palaosiren Beimerti, Gein. 


On the Alluvial Accumulation in the Valley of the Somme and Ouse. 
By BR. A. C. Gopwrn-Avsten, F.R.S. 


The object of the paper was to show that these two river-valleys belonged to 
areas over which the geological changes had differed so greatly that, at 
comparisons could not be made ; that the materials of the gravel-beds of the Ouse 
had, like those of all the rivers of the east of England, Seen derived from the 
“boulder-formation ;” and that the state of the animal-remains indicated that they 
belonged to the fauna of the period antecedent to the boulder-clay ; co ently 
that, should it be proved that flint implements were to be met with in th 0 
gravel-beds, it would not prove that the Elephas primigenius and its associates were 
contemporaneous with man. The valley of the Somme was shown to belong to a2 
area which lay beyond the “boulder-formation ’—that the series of alluvial beds 
differed y in respect of the physical conditions under which they had 
originated, yet that they indicated a definite order of succession, and implied a vast 
lapse of past time ;.in each of these flint implements have been said to have been 
found. The only evidence on this point which the author considers to be reliable 
is that with respect to the Champ de Mars, near Abbeville, where the beds belonged 
to the most recent portion of the alluvial series of the Somme, in the “ subsaérial " 
accumulations. The author further showed that there is no sufficient evidence of 
& post-glacial elephantine period, as also that the Somme valley could never have 
been the line of druinage of a vast river, but that the phenomena of river alluvia & 
great elevations are to be accounted for by physical changes of definite date. 


@ 
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On the Reptiliferous and Footprint Sandstones of the North-east of Scotland, 
By Professor Harkness, F.2.S. 


The author, after having carefully examined all the localities in the district 
around Elgin where rocks are exposed, has been enabled to arrive at a series of 
sections which place the reptiliferous sandstones of this neighbourhood in their 
Proper position. 

he arrangement of the strata in this pakt of Scotland was made out generally 
by Sir Roderick Murchison and Prof. S ick about thirty-five years ago, and sub- 
sequently Sir Roderick Murchison has added considerably to the details of the geo- 
logy of this area. The rocks in this part of Scotland were all regarded as belonging 
to the Old Red Sandstone group until, a few years ago, the remains of a Crocodile 
( Stagonolepis) were discovered in the higher portion of the series. This led pale- 
ontologists to look upon the reptiliferous sandstones of Elgin as appertaining to the 
Triassic formation; but, from the sequence of the strata and their mineral nature 
some geologists have still regarded these rocks as upper members of the Old Red 
series. As no distinct sections had been made out of the sequence of the strata, the 
evidence of conformability between the several strata was not perfectly satisfactory. 
The author has, from his observations, now obtained a series of sections from the 
lower beds of the Old Red, which, in this district, repose upon the metamorphic rocks, 
to the deposits which overlie the reptiliferous sandstones. These sections exhibit the 
following sequence of rocks :— Base of the Old Red (which here does not manifest the 
lowest nor even the middle members of the group), a mass of purple conglomerate 
succeeded by purplish sandstones (Scat C eds) with remains of Both ig aD 
Holoptychtus, upon which repose grey sandstones with pobble-bede containing the 
same fossils. ese latter pass upwards into yellow sandstones (Bishop’s Mill beds) 
containing Holoptychtus and Glyptopomus, have pebble-beds above them, and upon 
these latter the reptiliferous sandstones repose, being succeeded by limestone (corn- 
stone). The whole of the strata have a perfect conformity, and the agreement in 
the conformity and the sequence of the strata can be seen in several spots in the 
district around Elgin. 

The author next described a continuous section seen along the Ross-shire coast, 
from the Nigg to Tarbetness. In this section the whole of the Old Red Sandston 
from its lower members to its upper beds, is seen continuously, the sequence an 
conformity of the deposits being perfect. From the upper beds of this section the 
Rev. Mesars. Cam and Joass have obtained footprints, some of which are 
identical with the Ichnolites from the reptiliferous sandstones of the Elgin country, 
and the upper members of the Old Red Sandstones here have a great affinity in 
nature an uence to their representatives on the southern side of the Morey 
Firth. From this section in Ross-shire, and from the sections which can be obtain 
in Morayshire, the author has now no doubt that reptile life, in the form of Croco- 
diles and in other forms, existed during the deposition of the strata which make up 
the higher members of the Old Red Sandstone in this part of Scotland. 


On the Fossils of the Skiddaw Slates. By Professor Hanxness, F.R.S. 


The Skiddaw slates, lying above the Lingula-fiags, had at one time been regarded 
as Azoic. They were first ught within the series of rocks producin life-remains 
by Professor M‘Coy, who described two Graptolites and sea-plants ( Chondirites ') dis- 
covered in them. Investigations lately made by the author in the neighbourhood 
of Keawick had removed them in 1p seontological character very far above their 
sup position. He had obtained the remains of a shrimp-like , allied 
to Ceratiocaris, upon which Mr. Salter had founded a new genus, Caryocaris, and a 
shell of Discina, The family of Graptolites, regarded as typical of the age, had 
been increased by his investigations, representatives of seven genera having been 
obtained, four of which were confined to this grou of rock strata. The forms 
Giscovered belonged to the genera Dendrograpsis, Phyllograptus, Tetragrapeus, Dicho~ 
grapeus, Diddymograpet, Diplograpsus, and the better-known Graptolites. In con- 
clusion, Pro arknees alluded to the fact that the forms of Graptolites which 
occur the earliest in time are of the most complicated design, thus afiording no 
support to the progression-theory. a 
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.On the Hornblendio Greenstones, and their relations to the Metamorphic and 
Silurian Rocks of the Oounty of Tyrone. By Professor Hannwms, F.RS. 
The eastern portion of the county of Tyrone is made up of rocks, in part con- 

sisting of hornblendic greenstones, ed on the north by metamorphic masses, 

and on the south by the Silurian beds, which have been described by General Port- 
lock as being well exhibited near Pomeroy. The metamorphic rocks on the north 
and the fossiliferous Silurians on the soath dip in opposite directions, and the inter- 
vening hornblendic greenstones seem to form the axis of the elevation of the 
al and unaltered rocks. These hornblendic greenstones are, in some localities, 
penetrated by granite. The author, from his observations in this part of Ireland, 
1s induced to conclude that the metamorphic rocks in the north of Ireland, and also 
those of the Highlands of Scotland, have been elevated, flexured, and contorted st 

& period antecedent to the time when the granitiform masses were thrust into 

the metamorphic strata, and he is disposed, from the mode in which the granites 

sometimes exhibit themselves, to regard them as the result of an excess of meta- 
morphic action. 

_ From the mode of occurrence of the metamorphic rocks on the north of the 

hornblendic greenstone and the unaltered Silurians on the south thereof, he looks 

upon these rocks as appertaining to the same fogical epoch ; and judging from 

e fossils of the tered Silurians, these roc ong to the age of the Caradoc 
beds, s period to which the bulk of the metamorphic rocks of the north of Ireland 
and the upper gneiss of the Highlands of Scotland are also referable. 


On the Fossil Teeth of a Horse found in the Red Clay at Stockton. 
By Joun Hoee, IfA., F.RS., fe. 

The author exhibited three fossil molar teeth of the lower jaw of a Horee, snd 
remarked that few occurrences of Mammalia, in a fossil state, had been recorded in 
the adjoining counties of Northumberland and Durham ; indeed, only once before 
the teeth of a Horse had been described. 

These specimens were dug up in the Red Clay of the New Red Sandstone to the 

south of the town of Stockton-on-Tees, and at a depth of 4 or 5 feet. 
- The author also compared with them three molar teeth of a Horse, which be 
had found last autumn, with a portion of a human skull, in a field at Norton, where, 
in local history, it was related that a battle had been fought some centuries ago. 
It is the same field as that noticed by him to the Ethnological Subsection at Swan- 
een, and mentioned in the Report of that Meeting. 

He further compared with the fossil teeth the corresponding molar teeth of the 
lower jaw of a recent Horse. The fossil teeth differed from all the more modern 
ones by their strength, size, colour, and glazed exterior. 


On the Metamorphic Rocks of the Malvern Hills. 
By Harvey B. Hout, M.D., F.G.S. 

The two moet southern hills of the Malvern range consist entirely of bedded 
rocks, chiefly mica and hornblende schists, and gneissic rocks, having a nearly 
N. and S. strike. In the next, or Midsummer Hill, some thick-bedded com- 

osed of hornblende and felspar with a variable Froportion of quartz and diorite, 
th coarse- and fine-grained, are interstratified wi greiesio rocks and mica schist; 
the direction of the strike being more to the W. of N. and E. of 8. In the next, 
or Swinyards Hill, the strike is due EK. and W.: 8S. of the summit the rocks are 
gneissic and schistose, with some diorite and quartzo-felspathic rocks regularly in- 
terstratified ; but, on its northern declivity, these are succeeded by massive and 
coarsely crystallized granitoid rocks, in which the mica is sometimes replaced by 
hornblende and epidote, The direction of bedding, though obscured, is traceable by 
means of narrow belts of more schistose rock, interp at intervals, and lying 
the plane of the general E. and W. strike. No veins proceed from theee highly 
ine masses into the adjacent rocks. 
arg, partly mlonerons and mantle tote are in gneissic and schiet oe alapethc 
re, ‘ aioaceons an y hornblendio, traversed uartso- 
veins. These rocks are well expoged along the new pelwey fending from, the 


TRANSACTIONS OF THE SECTIONS. V1 


turnpike-road towards the summit, and better still at the Wind's Point. The strike 
is here E. of N. and W. of S. 

From the Wind's Point to the Wych there is a long succession of alternating 

eissic and schistose with occasionally beds of diorite interstratified. In 

ese gneissic rocks, when hornblende replaces the mica, the alternations of the 
lighter-coloured bands of felepar and quartz with the darker hornblende give to 
the rock a finely ribboned appearance. The strike towards the central portions of 
this ridge, as opposite Malvern Wells, is nearly N. and 8.; but near to the Wych 
it varies on either side of E. and W. 

Thus far, with the limited exception of the northern extremity of Swinyards 
Hill, where the bedding has become obliterated, the hills consist of bedded rocks, 
But N. of the Wych these schists, &c., have associated with them some granitoid 
rocks, capecially in parts of the Worcestershire Beacon, and in the hill whieh over- 
Jooks Dowles On the southern side of the North Hill, hornblende occu- 
pies the place of the mica, and not unfrequently the two are associated in the 
same mass. Much of this rock, however, has a gneissic structure. The bedding 
is entirely obliterated. It is posable that come portion of these more crystalline 
rocks may have been erupted, but there is no evidence of this beyond their massive 
character and the abeence of veins running from them into the adjacent dioritic 
and schistose rocks. The gneissic structure which they frequently exhibit, and the 
manner of their occurrence when viewed on the large scale, are more in accordance 
with the supposition of their metamorphic origin. @ remaining portions of this 
northern part of the are made up of gnelasic rocks and diorite. The general 
direction of the strike is N.W. and 8.E. 


These rocks have a more highly m hosed are more mixed with 
diorite, and contain more hornblende than the al rocks of known Oambrian 
age, and in this they bear much similarity to some of the metamorphic rocks 


on the N. side of the River St. Lawrence. 

out the range these rocks are traversed by numerous quartzo- i 
and granitic veins. Dikes and intruded masses of trap are frequent, twenty-seven 
occurring N. of the Wych, and six to the south of it. The veins are posterior to 
all the rocks except the trap-dikes. 

The oldest of the Palmozoic rocks of the district are the Hollybush sandstone and 
black shales, or Malvern equivalents of the Lingula-fiags, or Primordial sone of 
Barrande. At their base there is a conglomerate of quarts~pebbles and rounded 
fragments of felspar, derived probably from the crystalline rocks against which 
they rest. Above these are olive and greenish-coloured sandstones, containing dark 

bright green particles, probably of volcanic origin, and others that are end 
micaceous; and at the little hamlet of White-leaved Oak they contain a band of 
limestone about 6 feet in thickness. Besides the characteristic Zrachyderma anti- 
quissima and a Scolithus, these sandstones have yielded a Jangwa and an Orthes. : 

Above these sandstones are the Black Shales. On the western and north-weet- 
ern slopes of the Key’s End Hill theese shales completely conceal the sandstones, 
but in the valley of the White-leaved Oak, and on the western sides of the Ragged- 
stone and Midsummer Hills they have been removed by denudation, whereby the 
under! sandstones are exposed. These shales contain some well-known Lin- 
gula- ils, besides others that have not yet been described. 

These sandstones and shales have interstratified with them many beds of vol- 
eauic ash, grits, and lava-flowa. Some of these form bosses from the denudation 
of the softer rocks from around them. At least three of theee lava-beds occur in the 
sandstones, and many more are intercalated with the shales; but the exact number 
is not ascertained. In composition some are felspathic, others felspatho-augitic with 
crystals of augite?, while some are highly calcareous, as is the case with the bose 
nearest Bransill Castle and with those on the E. of Coal Hill. Some of the ash- 
beds contain cavities which have become filled with carbonate of lime or quarts, 
which in the weathered portions become dissolved out, and restore to the rock its 
original cellular structure. That these beds are contemporaneous intercalated de- 
posits, and not erupted, is clearly shown in the section at the north end of Coal Hill, 
Where grit-, ash-, and lava-flows are regularly interbedded with decarbonized shale, 
and dipping with them to the 8. W. , 
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All the remaining members of the Lower Silurian series are absent from the 
district, and the beds which rest upon the Malvern representatives of the Linguls-fiags 
belong to the Upper Llandovery beds, to which all the other subdivisions of the 
Upper Silurian and the lower division of the Devonian systems succeed conformably. 
Towards the southern extremity of the hills, and north of West Malvern, the lower 

urple sandstones occur; but in all the intervening portion of the chain it is the 
bi her beds only that rest upon the metamorphic rocks, overlapping the lower beds, 
and showing that the central portions of the chain were less depressed during the 
deposition of the Llandovery rocks than were the two extremities. That the 
were above the sea-level during this Llandovery period is proved by the fragments 
of the crystalline rocks which these conglomerates contain, as already shown by 
Professor Phillips. 

The cuttings which were made in the construction of the railway brought to 
light some important faults on the western side of the Wych, which had been 
viously overlooked for want of sufficient exposures. these, the principe 
Colwall fault, crosses the railway cutting near the western extremity of the tunnel. 
The interval between the railway and the hills on the south aide of this fault con- 
tains all the beds from the Upper Llandovery to the Downton sandstone and lower 
part of the Old Red Marls inclusive. On the N. side of the fault all these beds are 
carried to the N.W., the Wenlock limestone as far as the turnpike-road, and the 
Aymestry limestone to Brock Hill. Between the Wenlock limestone on the N. side 
of the fault and the Downton limestone on the S. side there is, therefore, an inter 
val in which the Wenlock shale is in contact with the Old Red Marls, and through 
this space the railway passes. At a little distance from this larger fault, on its 
northern side, are three smaller faults, and still further to the N. a fourth. This 
latter crosses the tunnel at the shaft nearest the hills, and the turnpike-road at the 
turning-off to the lime-quarries, and thence passes down the little valley in the 
direction of Brock Hill. 

Another frst fault occurs along the western foot of the Herefordshire Beacon, 
extending from the Wind’s Point to Walm’s Well. This fault is caused by the 
upthrust of the metamorphic rocks through the Upper Silurian beds, which {hey 
have carried high up before them, at the same time bringing up the Ho 
sandstones and black shales, which, altered by trap-dikes, from the lower on 
the eastern side of the Beacon. All the Upper Silurian beds thus upraised bave 
been subsequently removed by denudation. 

There are also some other faults of minor importance. 

As the general result of his researches the author infers— 

1. That the metamorphic rocks of the Malverns are certainly as old as the lower 
part of the Cambrian—probably as old as the Laurentian period °. 

2. That they were above the sea-level prior to the deposition of the Primordial 
zone. 

8. That during the deposition of the Primordial zone the range was sinking. 

4, That subsequent to this, the range was again elevated, and continued so until 
after the deposition of the Lower Llandovery rocks. 

5. That the Upper Llandovery rocks were deposited during a period of depres 
sion, which depression continued until after the deposition of the Lower Devonian 
series; that portion of the range which is between the Wind's Point and the War 
cestershire Beacon being the last to be depressed. 

6. That subsequently to the Lower Devonian period the range again became ele- 
vated, and continued so during the deposition of the Middle and Upper Devonian 
beds, the Carboniferous limestone, and the Millstone-grit t. 

- 7, That this was again followed by gradual depression, during which the Coal- 
measures, the Permian system, the Trias, and Lias were deposited. 

8. That the age of the faulting of the Upper Silurian and Devonian strata, on the 


* By Laurentian period, it is not intended to imply that they are the exact equivalent 2 
time of the metamorphic rocks on the N. side of the St. Lawrence, but only that they are 
older than the Cambrian System. The term is here used generically to group all the altered 
rocks which are of pre-Cambrian age. 

+ These are all abeent from beneath the Coal-measures at Martley on the N., and Dy- 
mook on the 8., where they rest on the Lower Old Red sandetgng, 
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western side of the hills, was at the close of the Lower Devonian period, and pro- 
bably dependent on the elevation of the which took place about that time ; 
but that the age of the great longitudinal fault on the eastern side of the range was 
subsequent to that of the Lias. 


Some Facts relating to the Hydrography of the St. Lawrence and the Great 
kes. By Dr. Hursvnr. 


The effects of frosts and thaws during the Canadian winters are very remarkable 
on the rivers, smaller lakes, and bays of the great lakes in the valley of the St. 
Lawrence. One example was given. In the winter of 1861 the writer very care- 
fully examined those effects upon Burlington Bay, at the head of Lake Ontario. 
The ice at the time was about 165 inches thick. Frequent thaws occur during the 
winter, at all of which the ice expands with the rise of temperature. With the 
return of the cold the ice again contracts, but the part which has been shoved upon 
the shore remains stationary, and the ice opens or cracks in parts over deep water. 
During twenty-four hours the ice had expanded 6 feet over a distance of two miles, 
whilst it remained firm on the south side of the bay, carrying with it about 80 feet 
of a wharf, which broke at the centre, whilst some 80 feet nearer the shore remained 
firmly imbedded in the ice, that had not yielded. Similar effects were produced 
in other places along the same shore. This expansion and contraction of the ice is 
sure to destroy all those bridges and wharfs built upon piles and light spars in the 
lakes and rivers which freeze over; for the sarger lakes remain open during the 
winter. The boulders of primitive rocks, which thickly strew the valley of the 
St. Lawrence, are found on one shore of the smaller lakes and rivers to have been 
earried by the action of the ice far away from the water; and whilst those boulders 
often occur so abundantly on one shore as to prevent the traveller landing, he is 
sure to find the other shore quite free from them. 


The Upper Tertiary Fossils at Uddevalla, in Sweden. 
By J. Gwyn Jerrrers, F.2.S., F.GS. 


The enormous heaps of fossil shells and barnacles which com some of the 
hillsides near Uddevalla have for a long time attracted the attention of tourists as 
well as of geologists, and they may be considered one of the wonders of Scandi- 
nevis. In 747 Linné published an account of his West Gotha journey, which 
contains a list and figures of the fossils found by him at Uddevalla, as well as some 
curious particulars as to the calcination of the shells, the Jattegryter (or “ giants’ 
pots’’), and various other matters which met his observant eye. He enumerated 
and briefly described nine species of fossils. Early in the present century the 
Swedish geologist Hisinger and the French geologist Brongniart severally recorded 
some important facts as to the height of these beds above the level of the sea, and 
the occurrence of barnacles sn situ on the gneiss rock, which underlies them, and is 
laid bare in certain places. In the ‘ Philosophical Transactions’ for 1835 appeared 
an admirable essay, by Sir Charles Lyell, ‘On the proofs of a gradual rising of the 
land in certain parts of Sweden.” His notice of the shell-mounds is of in- 
terest; but the geographical distribution of the marine Invertebrata had not been 
at that time much studied, and our great geologist stated that at Uddevalla 
“nearly all, perhaps every one, of the species belonged to the German Ocean.” 
The catalogue of fossils from this locality appended to the paper gives twenty-six 

ies; and it shows the laborious research with which the author collected them 
Cwith some assistance) in the space of a single day. Two years afterwards 
isinger published his ‘ Letheea Suecica,’ and added five species to the list. I am 
not aware that anything more has been made known on this subject beyond a 
casual, although highly important, remark by Professor Lovén, in the Transactions 
of the Royal Academy of Sciences at Stockholm, that all these fossils are of an 
arctic character; another paper, by the same eminent naturalist, identifying a 
shell from Behring’s Straits (Fikscus commodus, Middendorff) as an Uddevalla 
species; occasional references by Dr. Otto Torell, in his valuable treatise on the 
mollusk-fauna of Spitzbergen, to some of these fossils; and a geological map, 
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published last year by Olbers, of tho Bohuasliin district (within which Udderalls 
1s situate), accompanied by a short explanatory memoir. Professors Sare and 
Kjerulf have lately investigated, with their usual ability and care, the fossils of the 
corresponding formation in the Christiania district. Last year I had an opportenity 
. of visiting the so-called glacial formations both in Sweden and Norway, and of 
examining several collections of fossils from Uddevalle; and I now offer a list of 
the latter, in the hope that it may be useful to qeologiste, 
The Uddevalla bes which I observed were at Capelibacken and Lilleherstchage 
Boe Saricty of con lish mile from Uddevalla and from each other. I was struck with 
itions which appears at Capellbacken, and in that compared 
with the other, "At Capellback en was the so. d rock, with Balanus ameri (now 32 
inhabitant of sores, Mutska? still attached to it; close by, a raised beach containing 
Lattorina edulis, and other littoral sh ; and within the distance 
Mya § fow vende” aya snk and thick mass of other shells, some of which (a 


ents had  doeppered The nfct and had the valve united, eg 
ea 


in the island? 
which composed the a is e.g. I spitebergensis, rte 
bella, Masala’ borotis, and Veksdina undata) have not ben 
found living south of the Arctic circle; and as most of the other species are slo 
inhabitants of high latitudes, it may be safely inf inferred that all of them existed ins 
climate similar to that of North d or Spits One exception, how- 
ever, is a0 remarkable that I will mention it, although not without raneiderabe 
distrust. It is that of Cypraa heida, a Mediterranean shell. Mr. Thorburn showed 
me a specimen which he had found in the shell-heap at Capellbacken : it had 
the semifossilized aspect of the other shells, and exhibited no. trace of the bright 
gloss which characterizes fresh or recent specimens of this kind of cowry. 

The formation consisted of several distinct layers, and apparen fa eee 
otha doprs and conditions, Some of he strata wre probably y clea 
others depressed, at alternate and irregular interv ut Ww im 

An instance of such a diversified and long-continued. movement occurs at Ca 

backen. There, within half an English of the little town of Uddevalls, iss pal 
and winding ravine, down which flows a small stream. The banks on 
formed entirely of shells closely packed together, with but a slight admixture df 
sand. The lowest stratum resta on a rock of gn and d consists of a firm ait 
clay, called by Swedish geologists “ facus-lets.” orell informs me that it 
contains Leda truncata, I did not observe any rabkells or fossil oo 
in this bottom cere t only asmall part of it was uncovered, and not being pro- 
vided with workmen oF tools, I could not ascertain its thickness. Over it was 
bed of sandy vel, with rolled stones or pebbles, containing Mytilus edulis and 


emall form of erotica. This bed was about six inches dee nnd resectied 

a raised beach. Judging le at which it di ede further the oa 

of the superincumbent te Breet it for about farther eee 

where it cropped out or came to the surface. The third or ae 

the the compact mass of shells above mentioned, comprising trumeate cae (2 

uddevalionsis), an unusually large and solid form of Sazseava 

granlandicum, on clathratus (or soalarijormés), snd ¥3 and various ous othe abel 
ides innumerable valves of Balanus Ha with its operculum and plate of 

attachment. This great layer was from 20 to 30 feet thick in some ; and it 


summit is said to be sbout 200 feet above the sea-level: the Sw foot differs 
from ours in being only three-eighths of an inch leas, At pal 
lies about an English mile east of Uddevalla, another extensive tensive deposit 1 part 
exposed. Here the upper lay< per layer gives a singular result. 
Trophon clathratus ( a high northern species, and foun found living only fa 
the “Arctic circle) are. many sh of rather a southern type. 
edulis, Tapes pullasira,Corbula gibba, and Aporrhais pee-pehicani, Ai thon speci 


a 
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however, have been recorded by Sars as inhabiting the coast of Finmark, although 
they are also natives of the Mediterranean, According to Dr. Torell a living 
oysier has never been found in the seas of North Greenjand or Spitzbergen. Dr. 
says that Isocardia cor and Tapes decussata usually regarded as southern 
forms) are fossil in lower deposits at Vddevalla, and that Mytsius edulis and Balanus 
porcatus occur there at a depth of from 70 to 93 feet below the present level of the 
sea. It is pretty clear that all the littoral beds which are now covered by deep- 
water shells must have sunk, and, after receiving fresh loads by the gradual accu- 
mulation of organic remains during successive generations, have been raised to the 
height which they at present occupy. It would be difficult to imagine any cir- 
cumstances under which Terebratella epitebergensis could have found ite way to the 
shore. No Brachiopod has ever been known to be cast up by the tide or waves 
on a recent beach. This vast quarry has been worked from the time when Linné 
wrote, and in all probability ever since the land has been cultivated or ueed by 
civilized man, for making lime and repairing roads; and yet it is very far from 
ing exhausted. A few years ago the Swedish Government was induced by the 
representations of Professor Lovén to prevent further devastation on the crown of 
the hill at Capellbacken, where Balans may still be seen tn situ. Fossils of the 
same arctic character, but to some extent di ering in species according to the nature 
of the deposit and other circumstances, occur ughout the south of Sweden. 
Dr. Malm has prepared an elaborate table, showing all the fossils discovered by him 
The collections which T examined for th urpote of making the subjoined 
e collections w examined for the o ing out the subjoin 

lisg were those of Sir Charles Lyell, Messrs. tho: Dr. Malm, Mr. R. D. Darbi- 
shire, and the public museums at Uddevalla and e ottenburg j and I take wis 
o ity o mg m t thanks to the emen above named for their 
Thora and fiendly aid Mr. R. Thorburn was oy guide and kind host at Udde- 
valla. I need y say that I pereonally collected some fossils during my visit to 
this remarkable place. My list comprises 97 species: viz. Mollusca 83, Polysoa 2, 
Cirripedia 4 inoderm 1, Annelida 8, Foraminifera 8, Sponge 1. I have no 
doubt that this number might be increased by further investigations. For facility 
of reference, and to please my geological friends, I have again arranged the species 
in alphabetical order, although [ cannot help protesting against such an unscientific 
method of classification. 


MOLLUSCA. 
, BracHIoPOpA. 
Species. Synonyms. Remarks. ; 
1. Terebratella spiteber- Terebratula caput-serpentis, Enumerated Lyell as 
gensis, Davideon. Hisinger. > Ee rTewobratata 
CoNCHIFERA. 
3. Anomia ephippium, A. squamula, LZ, 
Linntree opm a : 
see . A. aculeata, Z, Fide Malm. 
eata. 
3, Astarte borealis. Venus borealis, Chermnits. 
Crassina semisulcata, Leach. 
C. arctica, Gray. 
C. corrugata, Brown. 
4, ——— compressa. Venus compresss, Montagu. Not V. compressa, L. 
C, striata, His. 
5. —— crebricostata, C. depreasa, Br. 
Forbes. 
6. —— sulcata, var. el- Venus com L. 
liptica, V. aulcata, Da Costa, 


C. elliptica, Br. 
©: seoti Hiss. 
é A. semiguloate, Lovin, 


76 


pecies. 
7. Axinus flexuosus, var. 
8, Cardium edule, Z. 


S 


$1. 
82. 
33. 


, 34, 
36. 


, ——— exiguum, Gmekn 
, —— fasciatum, Mont. 


Corbula gibba. 


. Cyprina islandica. 


arctica. 


—— minuta. 


. —— pernuls, var. 
. —— pygmsmsa, var. 
. Lucina borealis. 

. Lucinopsis undata. 
. Modiolaria discors. 


. Mya arenaria, L. 
. —— truncata, L., 


var. uddevallensis. 


. Mytilus edulis, Z. 
_—__ modiolus, L. 


Pholas crispata, Z. 

Peammobis tellinella, 
Lam. 

Saxicava arctica. 


Scrobicularia alba. 
Tapes decussatus. 


—— pullastra. 
Tellina balthica, L. 


—— calcarea, Ch. 


Concaurena (continued). — 


Synonyms. 
Tellina flexuosa, Mont. 
Axinus Sarsii, Lov. 


Tellina gibba, Oliv. 
Mya inequivalvis, Mont. 
C. nucleus, Lamarck. 
Venus islandica, DL. 
Nuculs arctica, Gray. 
Arca truncata, B 


r. 
A. glacialis, Gray ( Wood's 


A. pygmea, v. Minster. 
N. Poiticula, Moller. 
Venus borealis, Z. 


Mytilus discors, L. 
Modiola barbata, Lyell. 


Mya arctica, L. 
M. byssifera, Fabr. 


S. groenlandica, Poties §& Mi- : 
chaud. 
Mactra alba, W. Wood, 


Venus decussata, L. 


Venus py I. 
T. solidula, Pulteney. 
T. lata, Gm. 


T. sabulosa, Spengler. 
T. triangularis, ( ahlenb.) 


T. planata, His. 
T. proxi 


Not A. glaciaks, Gray 
(Parry's Voyage). 


Lilleherstehagen. 


Princi var. wdde- 
inepally 


40 feet above sea-lerel 
Malm 


50 feet , ve sea-level 
(M 


ma, Br. 
Psammobia sordida, Couthouy, 
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CoNncHIFERA (continued). 
Species. Synonyms. Remarks, 
36. Teredo nana, Turton. Pholas teredo, Fabr. 
T. denticulata, Gray. 
T. megotara, Forbes & 
37. Thracis papyraces. tr dilate roe, Pol Anatina myalis, Lam 
. ellina ea, Pol. na . 
mP Amphi eens phasoolina, in Lyell's list. ‘ 
m., 
—- —, var. villo- Anatina villosiuscula, Mac- Malm. 
siusc gillivray. 
GASTEROPODA. 
38. Aporrhais licani, Strombus elicani, L. Lilleherstehagen. 
39, Biccinum yrenlan-  B. undatura, Fabr. 


B. boreale, Brug. 

B. anglicanum, His. 

B. cyaneum, Leach. 

B. tenebrosum, Hancock, 


Turritella costulata, MoU. 


dicum, 


40. —— undatum, L. 
41. Cerithiopsis costulata. 


C. metula, Malm. Not C. metula, Lov. 
42. Cerithium reticula~ Strombiformis reticulatus, 
tum. Da C. | 
4s, Chiton marmoreus, eo eseee coe ceenes Malm. 
44. Cyclostrema costula- Margarita? costulata, Mou, 
tum. 
45. C alurida, Zam. nee ce cc vcesesece Doubtful. 
46. Fusus antiquus, var. Murex antiquus, Z. 
47. —— latericeus, Mol, F comeus, Lye Not Murex corneus, L, 
Tritonium incarnatum, Sars, 
48. —— Turtoni, Beun, eevesvees oevceece A variety approaching 
in shape £, norve- 
49. Lacuna divaricata. Turbo divaricatus, Fubr. . 40 feet above sea-level 
T. vinctus, Mont. (Malm). 
50. Lepeta ceeca, Patella csoca, Miill 
P. Clelandi, Lyell, The P. Cleland of Sow- 
P. cerea, Moll, erby is Tectura testu- 
P. candida, Couth. dinaks, 
51, —= rubella. P. rubella, Fabr. 
52. Littorina litoralis, Nerita litoralis, Z, Lilleherstehagen, 
53. —— litorea. Turbo litoreus, Z. 
BB. Mangolia v 1 Defrane cplindraces, Mill 
. ia Violacea, cia cyli i. Malm, 
Mighel §& Adams, 
56, —— pyramidalia, Buccinum idale, Strom. 


Defrancia Vahlii, (Beck) Mou. 
Fusus pleurotomarius, Couth. 
Pleurotoma Trevillianum, Teré. 
P. reticulata, Br. 

Murex turricula, Mont. 

Turbo grosnlandicus, Ch, 


Mcarnee, £ , Love, 


78 


Species. 
60. Margarita helicina. 


61. ——- striata, Brod. § 
Sow 


62. ~— sulcata, G, B: 
y Jem. 


63. Mesalia? borealis. 
64. Nassa incrassata. 


65. —— reticulata. 
66. Natica affinis. 


67. ——— pallida, Brod. 
ws 


68. —— islandica, 


69. Odostomia albella, 


70. Patelle vulgata, L. 


71. Puncturella noachina. 


72, Piliscus commodus, 
Lov. 


78. Rissoa castanea,(var.) 
Moi. 


74, —— inconspicua, 
(var.) “Alder. 

75. —— labiosa, var. . 

76, ——— parva, var. 


77. —— ulve. 
78, Tectura virgines. 


aEPvontT—1865. 
GasTERoPronda (continued). 


Synonyms. 
Turbo helicinus, y Fabr, 


Turritella, Lyell 
Scalaria borealis, Beek. 
8. Bachrichty (Holbsil ) 


8. undulata Sow. 
Buccinum incrassatum, 40 feet above sea-level 
Strom. (Malm). 
B. macula, Mont. 
B. coccinella, Lam. 
B. ascanias, Phils, 
B. reticulatum, ve 
Nerita affinis, Gm. ; 
Natica glaucin Not Nerita giaucina, L. 
N. clausa, Br 5 Sn 
N. cqnsolidata, outh. 
x. frclandicn, Be Beck. an 
nlandic 
ride’ Wonky 

x ivi and Forb. & Hanl. - Not M pusiia, Ss 

a, For ‘ Not Natica y. 
Netita i islandi Gm. 
Littorina f 
Natica helico 26, Johnston. 
N. canaliculata, Gould. 


- Turbonilla albella, Lov. 40 feet. above sea-level 

O. riseoides,-var., Ford. & - (Malm) — 

Hanl. 

sec ec ee eepeces .  Hisinger and Malm. 

Patella noachina, L. 
P. fissurella, Mull. 
Fissurella His. Not Patella greea, 1. 
Comoria Flemingii, Leach, 

Sipho striata, Br. 


eopsis ungaricus, Fts. Not Patella wngarica, L. 
Pilives commodum, Mid- moo 


Copelne fallax (and perhs 
. obliquus as the re, t 


state), . Wood, 
R. exarata, Stimps. 
R. scrobiculata, Malm. Not 2. serebiadata, 
R. albella, Lov. Moll. 
Turbo Jabiosus, Mont. 
T. parvus, Mont. 50 feet above sea-level 
R. balthica, Nilsson. (Malm). 
Turbo ulvee, Penn. 
_ Patella virginea, MulK - Malm. 
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GASTEROPODA (continued), 
Species. Synonyms. Remarks, 
79. Trichotropis carinata. Murex carinatus, Laskey. 
T. borealis, Brod. & Sow. 
Fusus umbilicatus, Br, 
T. acuminata, Jeffr. 
r. atlantica, (Beck) Mou. 
: Coste . 
80. Trophon clathratus. § Murex elathratus, L. 
M Rumphius, (Mont.) 
T. costatum, His 
Fusus vianus, Sov. 
81, ——— truncatus. Buccinum truncatum, Mdm, 
M. bamffius, Don. 
82. Velutina haliotoides. Helix haliotoides, Fabr. 
Bulla velutina, Mill, 
H. levigata, Mont. 
88. —— undata. Galericulum undatum, Br. 
V. sonata, Gould, 
POLYZOA. 
84. Lepralia Landsbo- oot ee cee eeeeees ‘Darbishire. 
“rovii, (var.) Johnet. 
85. ——— variolosa, (var.) e@eeee Coevnesean te Darbishire. 
Johnet. 
CIRRIPEDIA. 
86. Balanuscrenatus, §§=........ cee eeeee Darbishire. 
87, —— Hameri, Balanus nddeval- 
pein tL. 
L. Hameri, Ascansue, 
L, tulips alba, Ch. 
B. tintinnabulum, His, Not Lepas tintinnabw- 
88, —— po Dac. B. sulcatus, Lyell. dum, L.- 
89. Verruca Strimis, Mul. 
EOHINODERM 
90, Echinus drobachi- E. saxatilia, His. Not £. saratths, Mull. 
ensis, Mall, E, neglectus, Forbes 
ANNELIDA. 
$1. Bexpula norvegics, Cor eecesenecenes Malm. 
92, ——-~ vermicularis, Z, ®eeeeCeevnoeoenenns Darbishire. 
98, ——— spirorbis, L, . See eeeuseseneass Darbishire. 
FORAMINIFERA. 
94. Miliola oblo Serpula oblonga, Z, 
Secon, See tenes 
96. Rotalia Beccarii. Nautilus Beccarii, Z, 
SPONGE. 
97. Cliona celata, Grand. ss ceeccccesecees Darbishire. 
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A Synopsis of the Bivalued Entomostraca of the Carboniferous Strata of Great 
Britain and Ireland. By Professor T, Rupert Joxzs, F.G.S., and J. W. 
KImksY, 


After a review of what former observers have published on the Bivalved Entomoe- 
traca of the Carboniferous formations, the authors proceeded to point out—lst, a 
few rather doubtful rides or Candonea, from the Coal-measures, 2ndly, Cytheres, 
of which there are about eight species, chiefly from the Coal-measures. Srdly, 
Bairdia, about eight species, mostly from the Mountain-limestone and its shales 
4thly, Cypridinida, comprising Cypridina, Cypridella, Cyprella, and 

ella, from the Mountain-limestone: a fine collection of these rare forms from 
Little Island, Cork, liberally placed at Messrs. Jones and Kirkby’s disposal by 
Mr. Joseph Wright, well elucidate the relationships of these hitherto obecure 
genera and their species. Othly, Leperaitsde, comprising Leperditia (to which genus 
elong the so-called Cypris erdigalensis, C. inflata, C. subrecta, Cythere w- 
ornata, and others, many of them dwarf varieties of one species, and mostly belong: 
ing to the Mountain-limestone series); Zntoméis (Mountain-limestone), Devonian 
and Carboniferous forms of which have been mistaken for Cypridine; ich 
from nearly all parts of the Carboniferous system), several species, of which 

. arcuata, Bean, sp., is the most common; and Kirkbye, somewhat rare, and 
chiefly from. the Mountain limestone geries iDe they do not 

Leperditia and Beyrichia are also Silurian an vonian era ; on 
appear to pass upwards into the Permian formation. Bairdsa and ‘Grkbya occur 
first in the Carboniferous and reappear in the Permian deposits, even in the same 

ific forms; and Bairdia has been freely represented in Secondary and Tertiary 
posits, and exista at present. Of the Cypridimde under notice, 
Cyprelia, and Entomoconchus appear to be confined to the Mountain-limestone; 
Cypridina occurs in the Permian, and, with Cytherella, is found in Secondary snd 
Tertiary rocks and in the existing seas. Entomis is a Silurian and Devoman 
genus, especially characterizing the so-called Cypridinen-Schiefer of Germany. 


Notes on some Fossil and Recent Foraminifera, collected in Jamaica by the 
late Lucas Barrett, F.G.S. By Professor T. Rurent Jowzgs, F.G.S., end 
W. K. Parxen. 


In 1862 Mr. L. Barrett, F.G.S., late Director of the Geological Survey of the 
Weat Indies, gave Messrs. Jones and Parker some fossil and recent Foraminifers 
from Jamaica, comprising a few new forms,—some that. were previously but litle 
known, and some in finer condition of growth than usual.. The recent specim 
from their ascertained habitats, illustrate to some extent the conditions under which 
the fossil forms were deposited. 

One sample of the Fossil Jamaican Foraminifera consisted of several specimens 
of Amphistegina vulgaris; and another, of a few of the same species, with one Tes- 
tularia Barrett (a new variety of Zextularia). No locality nor logical horizon 
was indicated for these. A third sample, from “South Hall Cliff,” consisted 
two large specimens of Vaginylina leqgumen.. Fourthly, a much larger series of 
Foraminifera from the “Pteropod-marl” of Jamaica affords Nodosaria Raphawsios 
Dentalina acicula, Vaginulina striata, Frondicularia complanata, Cri ja calear, 
C. cultrata, C. rotulata, C. Italica, Orbitolina vesicularis, Bulimina ovata, Cuncolne 
pavonia, Vertebralina striata, and Lituola Soldanii. These, however, can be regarded 
only as an incomplete Rhizopodal fauna. “ 

m the Recent Foraminifera dredged by the late Mr. Barrett from different 
sea-zones, between 15 and 250 fathoms, on the Jamaican coast, we learn that 4s 
phistegina vulgaris, Textularia Barrett, Dentalina acicula, Frondscularia 
Cristellaria, and Lntuola Soldanit indicate at least 100 fathoms, and probably more, 
as the depth at which the Pteropod-marl and the Amphistegina- were de- 
posited in that region, Pteropods are found in some sea-muds at similar depths 
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On certain Markings on some of the Bones of a Megaceros hibernicus lately 
found in Ireland. By J. Beers Juxzs, F.RS., F.GS. 


Part of the skeleton of a Megaceros having been procured by Mr. F. J. Foot, of 
the Geological Survey, from some men who were digging in a bog at Legan, 
south of Edgworthstown, co. Longford, two of the bones and a broken tine of one 
of the horns were found to exhibit deep cuts as if made with a knife. A femur 
showed a parrow transverse cut, 4 inches long and } an inch deep. A tibia had a 
wider and shallower indentation, and one exactly corresponding to it was found in 
the broken horn-tine. When put together, these accurately fitted into each other; 
and certain mineral stainings existed on the surfaces of both, of precisely similar 
shape, showing that the surfaces had long been in perfectly close contact. 

. Jukes suggested that these indentations might have been produced by the 
mutual reassure of the two bodies lying in the marl beneath the bog for a long 

riod of time. 

PevAccording to Mr. Foot’s statement, they lay in about 2 feet of shell-mar! resting on 
gravel and clay, and covered by 165 feet of turf; and some of the old men of the 
neighbourhood said that 25 feet of turf had been formerly removed from the bog. 

. Jukes suggested also the possibility of the narrow transverse cut across the 
femur having been in like manner produced by the pressure of the sharp edge of a 
piece of antler; and wished to point out the great caution required before appealing 
to any mere marks or cuta on fossil bones as undoubted proofs of human agency. 

He also called attention to the very fresh state of the bones, which had been 
analysed by his friend M. Alphonse Gages and found to consist of 


Inorganic matter (carbonate and phosphate of lime) ........ 58°58 

Organic matter (cartilaginous, Kc.) wccsscccccccecececvees 41°42 

, 100-00 
with a density of 1:788. The bone examined was one of the ribe, 


On the Neanderthal Skull, or Reasons for believing it to belong to the Clydian 
Period, and to a Species different from that represented by Man, By Prof. 
W. Kune. 


The evidences for the first proposition involved in the above title were based on 
Lyell’s description of the Neanderthal cave, which, in Prof. King’s opinion, occurs, 
with one or two negative exceptions, under the same ancient physical-geograph 
conditions as the caverns of the Meuse valley. If the latter became c wi 
their organic and inorganic contents during the Clydian period *, as must be ad- 
mitted, 1t was contended that the Neanderthal infilling belonged to the same t 
term of geological time, though possibly to its latest division—that of the “ Men- 
checourt low-level flint-implement gravels +, 

In upholding his second proposition, the author first examined the general 
features of the Neanderthal skull, and showed that, in this point of view, it dif- 
fered widely from all human crania, either recent or fossil. An examination of 
the individual bones of the skull led to the same conclusion ; their form and con- 
tours, as well as the relative position of their component parts, were shown to be 
abnormal to man, but normal to the ape. Indeed, so closely does the Neanderthal 
skull resemble that of the young Chimpanzee, fi by Bask in the ‘Nat. Hist. 
Rev.’ for 1861, as almost to lead to the belief that it does not belong to the 
human genus: it was admitted, however, that, in the absence of the facial and 
basal bones, this would be little more than a mere assumption. 

Prof. King, noticing next the psychical endowments of man, asserted that they 
are visibly expressed in the strongly arched form of his cranium—a feature which, 
though much debased in certain races, characterizes the whole human species. 


* In the last edition (5th) of his ‘Synoptical Table of Aqueous Rock Groups,’ the 
author proposed the name Clydian for the Glacial iod. 

t See the author's “ Attempt to Correlate the Glacial and Postglacial Deposits of the 
airy mil &o,, in ‘The Geologist,’ 1863, pp. 168-178. 6 
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The Australians and Andamaners possess the dimmest conceptions of thar win 
moral obligations and of the existence of a Godhead: ical endowments of a 
lower it is difficult to conceive can exist; nev. eas the author beberes 
them to be essentially human : moreover, the brain-case of these races conforms to 
the highest cranial type of our species. But considering that the Neanderthal sinil 
offers only approximate resemblances to that of man, it more closely agrees 
with the cranial of the Chimpanzee—a creature whose faculties are - 
able, incapable of moral or theosebic conceptions—Prof. feels con 
strained to believe that the thoughts and feelings which once dwelt within it never 
soared above those of the brute. 

Thus the suthor is led to regard the Neanderthal skull as belonging to a createre 
cranially and psychically different from man; and he proposes to distingeiah th 
species by the name of Homo Neanderthalenss, 


On some Fossil Fishes from the Permian Limestone of Fulwell, near Sunder- 
land. By J. W. Kinusy, 

The object of the paper was to record the discovery of fish-remains in the Upper 
Magnesian Limestone of the Permiari formation, the discovery being of interest 
especially on account of the remains having been found at a horison considerably 
higher in the Permian series than any vertebrate remains had eae 
known to occur. The fossils were first noticed in August 1861, in a newly 
quarry, belonging to Sir Hedworth Williamson, Bart., at Ful a mile and a half 
to the north of Sunderland. The quarry is in the northern slope of the hill, and is 
not far from another and older quarry. In these quarries the magnesian limestone 
is largely worked for lime-burning, as it had been in the older quarry for the lat 
sixty years, duriig which time no traces of any organic remains had been found. 
In working the lower and inferior strata, in order to keep the new quarry at Its 
proper level, the t bulk of the fossil fish were discovered. Most of them are 
- found in one bed, or zone of beds, of limestone, there nevertheless being 

instances of their occurrence both above aad below. A similar discovery Wi 
afterwards made in the‘equivalent strata of the old quarry. The same fish-bed slo 
appeared to extend considerably to the north-east—the half-tail of a small fh 


to 
entire dermoskeleton, fins, and bones of the h seemed to have been unimpaired 
up to the period of deposition, though there were instances of distortion by sb 
sequent compression. A pair of individuals were sometimes found together, bet 
the specimens were usually isolated and comparatively rare, Fully nine-tenths of 


the specimens found belonged to a single species of Tho remainder 
belonged probably to two or three es of the same genus and to species d 
A is. The , wore ual, tho largest being «littl over 4 ach 
length. The Acrolepis seemed to have attained a length of 12 inches. Associsted 
with the fish-remains there had also occurred, rarely, some of 

These, though imperfectly preserved, nppeared to be referable to ics, ont 
of which was a Calamite, another an Ui a eaulerpa, and the third was & 


reed-like form, whose generic relations were difficult to determine from the dr 
covered fragments These were the only fossils that had been met with slong wi 
the fish. ese fish-bearing strata were 150 feet from the top of the U; 

stone. The discovery carried the Permian Vertebrata from the lower of the 
Permian series of Durham high into the upper, and near enough to the Tris 
give to their occurrence, aps, more than usual interest. "To the paper We 
appended descriptions of the species. 


On the Ooal-measures of Sydney, Oape Breton. By J. P. Lastxy. 


On the Discovery of Rock-salt in the New Red Sandstone at Middlesbrough. 
By Joun Maxrey. 


The fresh-water requirements of Mesars. Bolckow and Vangben in connesie 


ey tt 
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with their iron-works 9¢ Middlesbrough peing very large, they commenced, about 
four yoars ago to sink a well Or ahah ee Beth oto The sent wan cortiod to 
the depth of 180 feet. The supply of frech water being still not considered suffi- 
Gent, & very large bore-hole about a year ago, commenced from the bottom of 
the A bore of 18 inches diameter has been put down to the t extreme 
depth of 1312 feet. The strata bored through form part of-the Upper New Red 
or Trias formation, the same as those in which the deposits of rock-salé 
of Cheshire occur. The ~salt, was first pieroed at a depth of 1206 feet, end 
f conglomerate, consisting apparently of ealt S iimostonetiivel toathar see 
re) cong. c \4 an p8tLone’ mk 
The quantity and quality of the brine have not yet/beay- 
following ig an analysis o : 


Chloride of sodium ,. .- 
Sulphate oflime .. .. ,. 


Sulphate of magnesia .. ., i o— 
Sulphate Of soda 4. ee es ve oe oe os 0°10 
Silica es ee ee os 9 ee Cm ee ® 0-06 
Oxide of iron .. ee ee @e° 98 ee ee a9 trace 
Moisture. . es ee oe ee mz) ° e- ae 0-04 

100-00 


It is as yet impossible to estimate the extent or area of this deposit. On the 
north we have, at Castle Eden Colliery, the coal-measures overlain by the Per- 
mian; and at Oughton boring, nearer to the Tees, the Trias has been inte 
about 500 feet ; the Hutton coal-seam, at Castle Eden Colliery, being about 750 
feet below the sea-level, and the salt at Middlesbrough about 1250 feet. On the 
south side of the Tees the Lower Lias is soon met with, and capped by the Upper 
Tass and Oolitic measures. These measures dip both to the sou north fim 

ee6, , 


On the Equivalents of the Cleveland Ironstones in the West of England, 
By Cuanres Moons, F,G.S. ; 
These rocks, with their contained ironstone bands, had been traced by the author 
from Lyme Regis to Yeovil and Bath., In mineral wealth they formed a marked 
contrast to those in the north of England; for where the ore was rich enough to 
work, it was not thick enough, and rice versed. 


4 


On the Organic Contents of the Lead Veins of Allonheads, and other Lead 
Vewms of Yorkshire. By Cuantes Moors, F.G.A. 


The author, having in former papers called attention to the organisms he had 
met with in the mineral veins which traverse the carboniferous limestones of the west 
of England, had of late subjected those of Yorkshire to the same scrutiny. In 
certain veins and fissures in these he had detected numerous organic remains, washed 
into them by the action of later seas. The most remarkable of these was that of 
the New Rake vein, the clayey infilling of which was found to contain abundance 
of “ Oonodonts ”’—the small tooth- and comb-like bodies hitherto found only in the 
Upper Silurian bone-beds, which Dr. Pander had described as fish-teeth, but which 
Dr. Harley has since established to be of crustacean origin. 


Observations of Sir R. I. Muncutson upon the Permian Group of the North 
west of England, in communicating the outline of a Memoir thereon by 
Prof, R. Harxwzss and himself, ,; 
The Permian rocks, or oungest Palseosoic deposi “which form a natural group 

characterised by community animal and vogetable life, occur in — parte of 
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Europe. He (Sir R. 1. Murchison) had applied to them the term Permian n 

1841, and, before that time, this group had no collective name. His reason for 

proposing this name was, that he had found in Russia the stratigraphical and 

cssil characteristics of the formation epread over a country muc than 

France, around the former kingdom of .Permia. In the north-west of d 

there was a remarkable display of rocks, consisting of sandstones and breccias, 

which were, gradually and confurmably, linked together with the megnesian 
limestone or its equivalent. The lower portion of the deposit, over a large central 
portion of England, was formerly called the Lower Red Sandstone, the equivalent 
of the Rothliegende of Germany. The chief fossiliferous member of these deposits 
‘was, in the first instance, admirably described by Professor S ick, in his well- 
known memoir on the esian limestone; but that author not connected 
the Red Sandstones of St. Bee’s Head, Corby, &c., with that esian limestone, 
but had left them in the New Red Sandstone. In Germany, Sir R. Murchison had 
asserted that overlying sandstones, superposed on the magnesian limestone, formed 
the upper part of the group; and he showed that in typical sections this mass of 
sandstones accorded with and: passed down into the equivalent of the magnesian 
limestone, and was separated from the Bunter sandstone of the Trias. 

He was now well pleased to-find,; from the labours of Mr. Binney, followed by 
those of Professor Harkness, and confirmed -by his recent survey of the rocks, that 
in reality the north-west of England offered a complete confirmation of the tn- 
partite arrangement vf the Permian group. 

Thus, if several of the small brooks in the Vale of Eden be ascended from west 
to east, especially that called Hilton Beck, a succession of beds of dolomitic 

ia is seen to overlie the enormous mass of the lower portion of this great 
group, or the Penrith Sandstone. Many of the details have been before 

y Professor Harkness; but he now called particular attention to the value of the 
recent discovery by his colleague of certain planta in the centre of the 
which were absolutely identical with well-known Permian plants elsewhere, an 
wholly distinct from the carboniferous flora. 

Above the limestone and dolomitic breccias came a series of shales or mars, as- 
uociated with impure magnesian limestone. . These passed conformably, and with- 
out any break, into the upper sandstone. He was sure Mr. Binney would sustain 
what he had said in reference to this group being in that district a great Upper 
Paleozoic Trias. 

Again, St. Bee’s Head exhibited a thin but instructive portion of the Roth- 
kiegende, or Lower Red Sandstone. There the breccia was deposited unconformably 
on the surface of the carboniferous sandstone, which was eroded in a most i 
manner, the breccia entering into all the sinuosities of the lower rock, and show- 
ing a complete physical break between the coal-measures and the superjacent Per- 
mian strata. Many other English localities offered, indeed, instances of the total 
separation of the carboniferous deposits, and proved that the Permian was a newer 
and distinct series, in which breccia entered into the eroded cavities of the water- 
worn rock. This lower breccia is the representative of the yellow sandstone of 
Durham, underlying the magnesian limestone occurring near Sunderland and along 
the coast of Hartlepool. 

He would now say a word on a point of importance to gentlemen living in 
mining districts. Hitherto it had been unknown that the Lower Red Sandstone, 
or Rothliegende, afforded any valuable mineral substance; and, up to this time. 
geologists had remained unacquainted with the age of one of the most valuable of 
our ores, the hematite or kidney iron-ore of Cumberland and Lancashire. This 
heematite occurs in cavities of the mountain limestone; and it had often been asked, 
to what age are we to attribute these great infillings? At one time they wer 
referred to a Tertiary period ; but Professor Phillips suggested that they were prv- 
bably connected with the series called Permian. 

On this occasion, he (Sir R. L Murchison) had to announce the discovery of 8 
lecality in Furness whére the hematite was discovered to be in direct connexia 
with the Permian lower breccia, the “crab rock’ of the natives. It was also 
found that this hematite had been frequently worked out by old workmen fom 
cavities under the breccia, thus affording proofs of the value of the suggestion ot 


a i) as 
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Professor Phillips. This discovery in enriching the Permian group of England, 
showed that at the period remarka fein Germany for the eruption of much igneous 
matter, and very great changes, the era was rife in our country in the elaboration of 
one of our richest ores. 

On the part of Professor Harkness and himself, Sir R. I. Murchison concluded 
by stating that one of the main objects was to show that large masses of red sand- 
stones, in Westmoreland and Cumberland, which overlie the magnesian limestone 
or its equivalent, and which, up to this time, have been viewed as New Red Sand- 
stone, must henceforth be classed as Permian; thereby involving a considerable 


change in all pre-existing geological maps. 


On the Chronological Value of the Triassic Rocks of Devonshire. 
By W. Prneztty, F.R.S, 


On the Drift Beds of Mundesley, Norfolk. By Prof. Pures, F.R.S. 


During his surveys of the Yorkshire coast previous to 1829, the attention of the 
author had been specially directed to the succession of the later Ceenozoic deposits, 
and, a8 2 general result, he presented in the first volume of the ‘Geology of York: 
shire,’ published in that year, a series of deposits, the earliest being ossiferous 
gravels below the boulder-clay, the later being gravels and lacustrine deposita, 
also ossiferous, above that clay. In the same year Sir C. Lyell informed him 
of the proofs which he had collected of the “ forest-bed” of the Norfolk coast 
being subjacent to the boulder-clay. To meet these facts by a distinct classifica- 
tion, and others of great exactness collected by Prestwich, Austen, Morris, and 
others, the author employed, in 1853 *, the terms “ preg ial” and “ poste ial,” 
in addition to and limiting the term “ glacial,” which had begun to generally 


Having examined in the present year the sections on the Norfolk coast, Prof. 
Phillips was able to measure the thicknesses, so as to be convinced that the total 
above the chalk fell short of 400 feet; that, excepting the cases ascertained by 
Mr. King of bivalve shells in their natural position, no facta of importance ap- 
peared which required or even suggested an immensity of time for their occur- 
rence; and that littoral and estuary agitation of water, rather than any consider- 
able movements upward and downward, were indicated as agencies for the pre- 
glacial gravels, sands, loams, and “forest-bed.’’ The author was strongly im- 
pressed by the want of any real separation between the “ Norfolk” rather than 
“Norwich” Crag and the other laminated shelly deposits which are subjacent to 
the boulder-clay. The organic remains appear to be not at all op to this 
view ; and by adopting one general title for all these beds, immediately above the 
chalk, in the Norfolk and Yorkshire sections, and treating them as deposits of one 
varied series of local effecta, with but slight changes of level, there is reason to 
think that a wider basis may be obtained for reasoning on the physical conditions of 
the “ Preglacial” period. 


On the Deposit of the Gravel, Sand, and Loam with Flint Implements at 
St. Acheul. By Prof. Prius, F.R.S. 


A recent visit paid by the author to the gravels of the Somme valley had led 
him to believe that insufficient notice had been taken, in the scheme drawn out 
to determine their age, of those phenomena of river action which would tend to 
change the relative positions of the gravel-layers, and that the general lay or posi- 
tion of the beds composing the deposit had not been enough allowed for in reason- 
ing on the agencies concerned. e materials of the deposit were such as could 
be best accounted for by supposing inundations from melting snows or heavy rains 
on an uncultivated surface like that of the adjoining hills,—rounded pebbles and 
hard sandstones from the tertiary beds; rough flints from the chalk; sands and 
loams, with small flint chippings, from the general surface. The small land and 
freshwater shells associated with the sands above and mixed with the gravel, 


# « Bivers, Mountains, and Sea-coast of Yorkshire,’ 
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gree with such an origin better than with the ition of their being secamn- 
lated in a lake—for which, indeed, no sufficient evidence sppeare prieain tne 
" Assuming, then, a fuviatile ection for the arrangement of the it ies first 
to be remarked that, neither by the abundance of water-shells nor the aspect of the 
beds does any presumption arise of long-elapsed time during their secumulston. 
Secondly, it cannot be doubted that the flint implements are of the age of the 
vel beda—that is, the age of their latest distarbance; for it ie a well-known 
of frequent occurrence, that an old ftuviatile deposit of gravel, sand, and joan 
is di by even a gentle stream in time of flood, removed and rearranged in 
the same order, in 8 new situation, and that thus broad arces of m8 aot de. 
it are annually increasing. During anges, objects like the flint ee” 
Fould be often pl to the after having lying on the top, and 
may thus be found little worn among objecte which may have experienced 
agitation and “ frottement.” 

But the age of thia gravel is not necessarily ao very great aa it must be if the beds 
were deposited at the high level which they hold, and the valley subsequently 
exeavated by the river. This probably did not happen ; the beds are not 
they slope towards the river 1°, 14°, 2°, and 24°; slope proves them to heve 
been ry elevated ; and, examining other sections in the same valley, it 

to author that the line of the Somme is marked out by a fault, and 

t other movements of the same kind in modern ical times have 

marked out the other exactly perallel valleys on each side of the between 

the well-known anticlinal axes of Boulogne end the Pays de Brai. Rieter oi 
disposed to accept as probable the contemporanecity m Picardy “ fi 

knappers” and the extinct Rhinoceros, but to refuse to the deposit greof of more 


golly Gold District,” namely, the Lower Silunan rocks by large bosses 
of greenstone, The Maps of the Geological Survey, . &W. and LXXV. 

,» show a continuation of rocks to thie spot, in a direction, ff 
precisely the same character as at Cwmheisian, Do , Cefn Tyddyn- 


giwadis, &c., a distance of six or seven miles. At Castell Carn Dochan Mine there 
is @ very re auriferous quartsose lode. It rune nearly N.E. and 8.W., 
and has 8 dip to the south. This lode is exposed to view for ahout twelve fathoms, 
showing gold in 8 nearly the whole distance. The lode-stuff is for the most 
free from sulphurets of lead, zinc, and copper. Occasionally metallic gold i 
richer than a large specimen which was exhibited. The quartz has 
ént appearance from that at Clogan and Dolfrwynog, and resembles more closely 
that a¢ Clunes in Australia. Some boulders of quarts weighing frem 2 to 4 cw 
have been broken up and found fo contain visible gold throughout. The largest 
boulder had been built into a wall, near the spot where it had fallen. The u 
portion of the lode appears to have slipped over the lower and down the face 
, leaving behind it a record of where it had been in characters of gold. Many 
tons weight of this lode-stuff have been collected, eome of which has yielded gold 
at the rate of 180z. to the ton. It is interesting to notice large Ioese masses f 
greenatoste lying about, having them incrustations of quartz, spangled with 
particles of gold. The débris, of whiel there is a contidesabia quantity, yields gold 
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of equal value with the lode-stuff. i of quartz have beer found showin 
Id as rich as any that has been found at Ologau, where £32,000 has been reali 

the gold-produce of leas than 1900 tona—e result, he believed, unparalleled in 
the world’s of gold-quarts mining. Operations have been commenced at 
the mine, by dri an adit into the face of the hill to cut the lode at a depth of 
about 20 fathoms. This level has been driven to within six feet of the lode, which, 
if found as rich at that depth as the exhibited, very probably may give as 
sati results as the St. David’s at Clogau. The gold is not associated 
with sulphurets in excess, so that its extraction is exempted from the difficulties 


erally attending the various rocesses of emalgamation. This is an important 
Set, and. greatly echancas the commercial value of the discovery®. me | 


On some Remains of Bothriolepis. By G. E. Ronznrs, 
The fossils described consisted of two casts of the central io buckler, 
ia unknown, and several other bones and plates of the of this gress fish, 
Pander, sad Eichwald had described the dorsal scutes; but no portion of 
the head, save the jaws, had come under their notice. The position of Bothriolepss. 
among the Dendrodic Coslacanths was noticed; and although its affinity with 
Asterolepie seemed probable, too little was mown about the family to warrant the 
sotting up of any one species as a type. The plates covering the head were a quarter of 
an inch in thickness and of great strength, the external ornament consisting of ex- 
cessively fine radiating lines and sinuous mdges. ‘The specimens were obtained from 
the yellow sandstones of Alves and Newton m Elginshire, their exact stratigra- 
hical position being beneath the reptiliferous and footprint beds, of presumed 
bp Devonian age, and in the lower of the section described by Professor 
Har Bothrielepis exceeded 3s in size, the length indicated by the 
fossil remains being twenty to twenty-five feet. 
The specimens exhibited were coll by Dr. Taylor, of Elgin, the Rey. Dr, 
Gordon, of Birnie, and Mr. Smith, of Inverness. 


On the Discovery of Elephant and other Mammalian Kemains in Oxfordshire, 
By G. E. Rozgrss. 


A considerable number of elephant and other mammalian bones have recently 
been met with in a cutting upon a new line of railway passing through Thame, in 
Oxfordshire. the kindness of Mr. J. J. Wilkinson, a gentleman connected with 
that line, a large portion of those exhumed has been forwarded to the Geological 
Society. They were taken from a coarse rubbly gtavel, mixed with stiff clay, about 
18 feet from the surface. The section forwarded by Mr. Wilkinson gives a surface- 
clay, lightish yellow in colour, and with a sandy bottom 11 feet in thickness, lying 
upon the gravel, the a thickness of which is 2 feet 6 inches, and which passes 
downwards into a light-coloured sand. About 10 feet down in the clay a vase was 
found, of coarse earthenware, full of small bones; and just above the gravel another 
vase of coarse brown ware. The gravel extended linearly for 60 yards, and was 
slightly dome-shaped. Part of the have been submitted to Dr. Falconer, who 
has recognized aa primigentus of the Siberian type,—tecth and other remains 
rather abundant ; antiguas; @ large species of Bee ( jared tae P or pre 
cus F) top of radius, tibia, ancl orn-core; many bones and teeth Hina 

is, including a finely preserved tibia of great size, and a portion of another still 
atger; and some good fragmentary specimens of the hors of Cerouselaphes. Still 
more important mammalian remains have been obtained by Mr. Codrington, F.G.3. 


On @ Help to the Identification of Fossil Bivalve Shells. 
By H. Sueuay, F.G.S. 


The aathor suggested that, if the number of hinge-teeth possessed by these shells 
was written down iti formula, similar to the plan Ban for onearneliag tooth, enech 


© Vobruary 1804, the lode is out in the level 18 fathome below where the gold was found. 
If io 8 fect wide, and shows gold oscasionally.-T. A. B. | 
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aid in determining species and also in grouping families of the Mollusca would be 
the result. Hinge-teeth, which were persistent in form, could be indicated by or- 
dinary numerals, and variable teeth by accentuated numerals. In drawing out such 
a scheme care was taken to note the position of the teeth, whether anterior or pos- 
terior to the umbo. He considered that the plan, if adopted, would simplify the 
definition of a genus. 

(The paper is printed in the ‘Geologist ' for February 1864.] 


On a Section of the Strata from Hownes Gull to Crosa Fell. 
By T. Sopwrra, F.2.S. 


The strata of the lead-mining districts of the North of England extend from 
beneath the coal-bearing strata of the Northumberland and Durham coal-fields at 
Hownes Gill to the mountain of Cross Fell in Cumberland, and were exhibited m 
a section taken from east to west over the important lead-producing districts of 
East and,West Allendale and Alston Moor. The Fell-top Limestone is seen to form 
nearly the summits of the highest hills, and, beneath, a great thickness of siliceous 
and argillaceous strata intervenes between it and the Great Limestone. This forms 
one of a series of limestone strata, in which large quantities of lead have been oe 
Seowith details relating to this section were verbally explained by Mr. 

wi 


On Models illustrating Contortiens in Mica-Schist and Slate. 
By H. C. Sorsy, F.B.S. 


One of the models was formed of alternating bands of black and grey vulcanized 
india rubber, which were firmly held at one end by a brass clamp, and were free at 
the other, unless held by the fingers. When this was bent, it showed that the ex- 
terior layer was stretched and the inner compressed. Yielding in this manner, no 
secondary contortions were ® produced, but merely a simple band, as in con 
slate rocks, The other model was constructed with alternating bands that could 
not be stretched or compressed, by making use of the india-rubber enclosing can- 
vas, and was firmly held at both ends by brass clamps; and, when this was bent, 
various secondary contortions were produced, similar to those met with in many 
varieties of contorted mica-schist. 


Description of a Sea-star, Cribellites carbonarius, from the Mountain Leme- 
stone Formation of Northumberland, with a notice of tts association with 
Carboniferous Plants. By Gxrorez Tare, F.G.S. 


This Asteroid, the first recorded from the Mountain Limestone, is an impression 
of the upper surface, in a fine-grained micaceous sandstone, It is named Cribe- 
lites carbonarius; and the following characters are observable :—Rays five, rounded, 
lanceolate, five times as.long as the disk, ridged in the centre, covered with longi- 
tudinal rows of reticulating tubercles: disk small and tuberculated. The disk is 
only 0°3 of an inch in diameter, while the rays are 1-5 inch in length. A cireular 
impression in the disk may be the impression of the Madreporiform nucleus. In 
the form of this Asteroid, and in the characters observable, it is similar to Cn- 
bella rosea, Miiller; but the rays are proportionally longer, the disk smaller, and 
the tubercles much nearer to each other than in the recent analogue. The sand- 
stone from which the fossil Sea-star was obtained lies 20 feet above the Shilbottle 
coal, and about 600 feet below the base of the millstone grit, being in the u pert 
of the Mountain Limestone formation, which, in Northumberland, is about B00 t 
in thickness. In this sandstone there also occur Strophomena crenistria and the 
remains of carboniferous plants. In the same locality, somewhat higher in the 
series, there is another sandstone-bed, in which are vast numbers of homens 
crenistria, associated with species of Sigwlaria, Lepidodendron, Calamites, Knorne, 
and the Stigmaria ficoides. One or two other similar facts will help to illustrate 
the  Poclogical history of the Coal era. At Budle a metamorphosed shale, 30 feet 
in thickness, overlying a limestone, is in the under layers crowded with marine 
organisms, such as Grifithides farnensis, Kuomphaius carbonarius, Bellerophon Uri, 
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B. decussatus, and B. striatus, Leda attenuata, Posidonia Becheri, nena creni~ 
stria, Chonetes Hardrensts, and Lingula squamifornus; but, as we ascend upward, stray 
ents of plants are mingled with these organisms, and on an endogenous leaf we 
find the marine Annelid Spirorbis carbonarius; further upward, the marine organisms 
deerease, and the plants increase ; and in the upper part of the deposit the marine 
organisms disappear, and numerous fragments of Stsgmaria jficodes, Bechera, ferns 
of the genus is, and endogenous leaves are spread out between the 
layers of the shale. The Mountain Limestone of Northumberland is rolonged in a 
marrow tongue for a few miles along the Berwickshire coast, and there, too, is a 
shale-bed showing a similar assemblage of organisms; the lower layers contain 
Chonetes Hardrensis and Nucula gibbosa, but the upper layers are filled with Sphe- 
n 1s, reed-like stems accompanied with Spirorhis, ychtus HHebberts, and 
other fish-remains, and Estheria striata, var. Tateiana (Jones). Such sections 
indicate a change of conditions taking place while the beds were in course of de- 
position: at first the conditions were undoubtedly marine, but they became estua- 
rine from some unknown cause—probably from a gradual alteration in level and 
in influx of fresh water, and eventually into entirely freshwater conditions. 


On the Origin of the Jointed Prismatic Structure in Basalts and other Igneous 
Rocks. By Professor J. Tuomson, M.A. 


The author gave reasons against the prevailing views of the origin of the jointed 
prismatic structure of basalt and other igneous rocks, which are founded on the 
supposition of a spheroidal concretionary tendency in the material during consoli- 
dation; or on this, combined with a tendency to split into prisms by shrinkage, 
such as is met with in the drying of clay or starch. Ist. No reason has been as- 
signed, and he believes none is conceivable, why the supposed centres of concre- 
tionary action should be arranged in straight or nearly straight rows, like beads on a 
vast number of parallel strings. 2nd. Even if the centres were so arranged, still we 
ought to expect, under the supposition in question, that the centre of a spheroid of 
one column would often be in front of the division between two spheroids of an 
adjoining column, and that thus the sides of the columns would be serrated with 
indentations and protuberances at the cross joints, instead of being smooth as they 
actually are. He supposed that the columns of basalt have been formed by split- 
ting through shrinkage of a very homogeneous mass in cooling; and that the cross 
joints are Fractures which have commenced in the centre of the column, and ad- 
vanced to the outside as a circle increasing in diameter. This mode of fracture he 
thought is evidenced by various markings and other indications on the stones. They 
usually show a remarkably symmetrical appearance round the outer part of their 
cross joint faces; presenting an appearance like a complete eircular conchoidal frac- 
ture, often with rays from the centre, such as are seen in the ordinary conchoidal 
fracture. In order to produce the cross fractures commencing in the centre, he 
supposed that a longitudinal tensile stress must have existed in the columns pre- 
viously to the cracking of the cross joints. He would not venture to explain the 
origin of this tensile stress; but suggested that, perhape, after the column was 
formed, chemical action, caused by infiltration of water, might cause a slight ex- 
pansion of the outside of the column, and so introduce the internal tensile stress. 


On “the Wash,” a remarkable Denudation through a Portion of the Ooal- 
fidd of Durham. By Nicuoxas Woop, F.G.S., President of the Institute 
of Mining Engineers of the North of England ; and Evwaxp F. Born. 

In the introductory part of this paper the authors obeerved that in all parts of 
the earth numerous proofs are exhibited of the abrading action of water, by which 
not only the valleys and softer strata, but the more consolidated strata also and 
the highest elevations of the land have been abraded; and, by this agency, vast 
accumulations of sand, gravel, clay, and rounded boulders have been formed and dis- 
tributed, by means of floods, over different parts of the earth’s surface. The authors 
do not wish, in this communication, to determine the precise mode by which 
these accumulations have been formed, but only to point out the universality of 
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their o¢eurrence. More particularly they wish to show that some of the phe- 
nomena exhibited by the mi ions carried on in this distzict most ms- 
terially bear on this question. ey state that the numerous opportunities which 
have occurred to them of information those superficial 


gravels, clays, and sands which are spread over the coal- of Durham, sod 
also the frequent opportunities they have had of observing the abrasion or den- 
dation of the strata of the district, and : of a remarkable one locally 
termed “the Wash,” which cute th & i portion of the Durham 
coal-field, have induced them to lay result of their experience before the 
members of the British Association. 
coal Held, fron £ ve arty of the city of Durhams in a northedl direction, te 
- © vicini e city o nan Irection, to 
river Tyne, near N. e; that it is traversed a considerable portion of ths 
distance by the present valley of the Wear, until, having Chester-le-Street, 
it follows the course of the Team valley, and terminates at the junction of the 
latter stream with the Tyne. This communication was illustrated by a plan o 
the whole district traversed by “the Wash,” and a series of cross-sections exhilit- 
ing in detail the depth of the denudation of the strata, the nature of the deposits, 
other information relative to the materials accumulated in this old valley. 


The details of the various cross-sections show that the d on of the 
denudation was along the eastern or dip side of the valley, and that the basset- 
ing or outcropping of the strata on that side are more upright and abropt 
than those on the opposite side; that all the sjoncs and es, from ther 
rounded marks of long exposure to the ing action of water 


pearance, 
in motion ; that no traces of shells, bones, or other organic remains were observed ; 
and that the pavement or bottom of the valley on which the accumulsted ms 
terials rest bears evidence of the great power of the water which carried the détns 


: 
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, 
being filled up with clay, and boulders, and broken pieces of coal, frequent 

of a size, The rounded boulders and pebbles found disseminated’ and m 

with the masses of clay consist generally of hard sandstone, limestone, ir0n- 


more than one direction. One extends up the rivulet th, another from 
Durham to Bishop Auckland and westward on the line of river Wear, and 
another probable extends considerably more to the cast, the 
suthors the flow from the latter may possibly have been in a southerly 


ims 
direction and towards the Tees. 

The authors do not decide whether this denudation has been caused by ranning 
water or glacial action, though the uniformity of the bed of the denudation 
ite moderate rate of inclination would lead to the latter opinion. They would 
not, however, lose sight of the fact, that a body of water whi th 
top of the deep deposit, 300 feet thick, which occurs at Durham, must have had 
ome eect in production of a current of considerable force down the cout 

The peculiar relation of the Wash to the existing river-systems and presen 

i Of Be Country is also pointed out, and » comparison ts made of te to 
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The authors sum up the result of their communication by the following re- 
marks :—That, at some former period, & current of water or masses of glacial ice 
passed down the valley of the Wash from the site of the city of Durham to the 
river Tyne, near Newcastle; that such a current or glacial action denuded the solid 
strata a of from 150 to 200 feet, and that at its debouchure into the 
valley of the e it excavated or denuded the solid strata tothe depth of 
240 below the present high-water level at Newcastle, and consequently ve 
considerably below the t level of the sea; that such denudation or 
has been subsequently filled up by the detritus partly produced on the spot and 
partly brought from distant ities; and that the nt drai of the county 
fod of te anclent Wach, and atthe latter depth below the prosent high-water leva 

t at the ow the t high-water ley 

of the North Ben. ctrcrdinary oat os h the vet dine at 
t is some i t thoug present drai 6 
county (the river Wear) passes along the general line of the ancient river, and 
at about 100 feet higher level, it does not follow the precise line of the Wash, but 
occasionally diverges in & zigzag direction, y near Durham: ening 
the solid rock in preference to keeping the straight line of the Wash, it 
again falls into the straight line of the Wash, along which it passes for & con- 
siderable distance, and, at Chester-le-Street, diverges almost at right angles to 
the line of the Wash to the eastward, and into the sea at Sunderland, pre- 
mg that course through the magnesian-limestone rock to keeping the straight 
line of “the Wash” northward along the river Team, though there is a descent 
of upwards of 50 feet to the river in the Wash ; ne present of 
the country by the river Team being 140 feet above the level of the Wash 
at its debouchure at the river Tyne, and 140 feet below the present high-water 

level of that river. 


ZOOLOGY AND BOTANY, mrotupmve PHYSIOLOGY. 


Address of Professor Batroun, F.R.S., President of the Section. 


In opening this Section of the British Association, it be to make a 
few F trodctory remarks. At some of the meetings the President k has given & 
résumé of the recent progress of the department over which he presides. 
that I am unable on the present occasion to follow snch a good example. e 
com ively recent date at which I wae uested to occupy this honourable 
position, my University ente, which were only concluded about a 
ortnight ago, have prevented me attempting to do more than make some 
remarks on the value and importance of the investigations embraced in 
ion D. The subjects are Biclogieat ~having reference to the structure, phy- 
Biology, and distribution of living beings. Man, animals, and plants are alike in- 
eluded | within the scope of our researches. Although our Section is ted for 


enee from that of geology, nevertheless they have iniportant on 
each other. The study of paleontology cannot be prosecuted without a th 
knowledge of the anatomy, mode of growth, and hical distribution of the 


ants and animals of the present h. In fact, the study of fossil plants and 
edmals capi to conntitetern of J , 
in place of being reckoned a distinct science, may be considered as the means 


® system—embracing the natural history of the wlobe. Rash geological 


deocribon no dis focail species or oven gen "the sonia imnowing that 
as distinct ies oreven genera,—the geologist not 

very different forms of frond are exhibited by the seme secies of fern in the 
present day. in, another error has arisen from the same form of frond being 
considered as indicating the same species, whereas the same form does occur in 
different genera in the present flora; and these can only be distinguished by the 
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fructification, which, in fossil ferns, is rarely seen. So also the same forms of shell 
may belong to different a,—the only distinction being founded on the teeth or 
some other character of the animal inhabiting the shell,—and such characters are 
of course totally lost in the fossil. The cortical markings of plants have been made 
to characterize different genera and species, while the fact that dissimilar markings 
occur on the same bark, according aa it is viewed on its inner or outer surfaces, 
has often been neglected. Again, the presence of a palm-leaf might be considered 
by the geologist as indicative of a very hot climate, from his not knowing that 
some palms occur at high latitudes, and others are met with on mountains amo- 
ciated with cool forms of Conifers. These and numerous instances might be ad- 
duced to show the necessity for a perfect acquaintance with the present fauna and 
flora in all their details, before the geologist can determine fossils, or the character 
of the climate of paleontological epochs. There is a mutual bearing of all the 
natural sciences on each other, and the student of nature must take a comprehen- 


sive grasp of all. have al ad o 
e natural sciences have always occupied a prominent place in the Proceedings 
of the British Association. The subject is in itself popular, and is in ing to 


all classes. Much has been done in this Section to advance the aciences of soology 
and botany, and to stimulate naturalists in their investigations. 

A feature of the Association, which requires ial notice, is the procuring of 
reports on different departments of science, and the aiding and encouraging of 
naturalists in carrying on researches which require much labour and expense for 
their prosecution. Many a deserving young naturalist has thus been enabled to 
advance science and lay the foundation for future fame and promotion. 

Another important feature of the Association is the bringing together men ot 
science, and promoting free personal intercourse. Perhaps more has been 
done by this than even by the reading of papers. Interchange of thought by oral 
communication, and the opportunity of frankly stating difficulties and of asking 
questions, are most valuable to men of science,—especially when they are congre- 
gated from various parts of the world. Friendships too are cemented, and aspe- 
rities are softened, by coming into contact with fellow-labourers in the same great 
field. No doubt, there have been occasional unpleasant altercations at our meet- 
ings; but even these have been ultimately turned to account. Explanations 
are made, opinions are canvassed, and truth is finally elicited. “ For as iron sharp- 
eneth iron, so the countenance of a man his friend.” But, it has been remarked, 
iron does not sharpen iron unless it is brought into contact with its fellow, and one 
be made to act sharply and keenly on the other. 

In former days keen disputes took place among geologists in reference to the 
formation of r The igneous view pro anded by my distinguished relative, 
Dr. James Hutton, was supported warmly by some, while the aqueous view was 
espoused by others. At length, by a combination of fire and water, truth was elicited, 
and the minds of geologists were to a certain extent composed. The relations and 
position of rocks,—the continuity of formations,—Cambrian and Silurian rocks,— 
coal and shale,—glacier motion,—the definition of species, their permanence of 
variability, and their origin,—embryogeny and c nesis in plants and animals, 
—flint-hatchets,—the age of man,—and many other points, structural and physic 
logical, have been, and some are still, discussed with great keenness and even with 
acrimony. But out of all this, as in former cases, truth will at } come forth. 
The storms which now and then agitate the natural-history atmosphere will purify 
it. Like the mists on the mountain, which bring out in bold relief the noble rocks 
and ravines of the craggy summit, so these disputes, even while they are 
on, bring out some phenomena of interest which had been previously invisible. The 
lightning’s flash from the dark cloud may discover to us some prominent object 
which had been overlooked in the calm sunshine. But ere long the storm vill 
cease, the mists will be dissipated, and then the unclouded summit will apport m 
all its majestic clearness. So when the obscurity cast around science by the 
disputes of combatants shall have passed away, the truth will shine forth to the 
calm eye of the philosophic observer in all its ty. In such polemics we a 
not to fight merely for victory or for the advancement of our own fame, but ft 
the great cause of truth, which alone will prevail at last, 
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No studies are better calculated to promote friendly intercourse. The investi- 
gation of God's works is well fitted to calm unruly passions, and to promote 
umility and harmony. In speaking of the effects of the practical prosecution of 
botany, the late Dr. Johnston of Berwick remarks :—“ There is a preordained and 
beneficial influence of external nature over the constitution and mind of man. He 
who made nature all beauty to the we implanted at the same time in His rational 
creatures an instinctive perception of that beauty, and has joined with it a pleasure 
and enjoyment that operate through life. We are all the better for our botanical 
walks when undertaken in the right spirit. They soothe, soften, or exhilarate. 
The landscape around us becomes our teacher, and from its lesson there is no 
escape: we are wooed to peace by the impress of nature’s beauty, and the very 
air we breathe becomes a source of gratification and pleasure.” Many a time, 
while carrying on botanical researches in the wide field of nature, and visiting 
the alpine districts of this and other lands, have I felt the force of these remarks. 
On the last occasion that I presided over Section D,—viz. at Liverpool in 1854, 
—I was associated with my late deeply lamented colleague, Edward Forbes, who 
was President of Section C. ; and on looking back to his career, I would hold him 
up as a bright example of a true naturalist, who took a wide and expanded view of 
ature in all its departments, and at the same time exhibited such a genial spirit 
as endeared him to all. Once and again was I associated with him im scientific 
rambles and in meetings of naturalists, and I have seen the tact with which he 
subdued the perfervidum ingentum when misdirected, and calmed the turbulent 
irit when self-esteem prevented the due acknowledgment of another’s merits. 
© was truly unselfish, and never failed to recognize an encourage merit wherever 
he could detect it. I have eleewhere remarked, that with all his knowledge he 
combined an affability, 2 modesty, a kindness which endeared him to every one. 
No student of nature was beneath his notice; no fact recorded by a pupil, however 
humble, was passed with neglect. He was ready at all times to be questioned, 
and was prompt to point out any spark of merit in others. He had no jealousy, 
and never indulged in attacks upon others. He gave full credit to all, and he was 
more ready to see the bright than the dark spots in the character. Even to those 
who criticised him severely, he bore no ill-will: he certainly did not return railing 
for railing. He had a traf generous spirit, and was totally devoid of narrow 
bigotry. He was desirous o promoting acience independent of all selfish views. 
He loved it for its own sake. Would that his example was more followed by all 
of us 
‘When we look at the changes which are constantly taking place in the views of 
naturalists as science advances, we cannot but feel the need of modesty in the 
statement of our opinions. While we give our views, and the reasons for adopting 
them, let this be done without dogmatism or asperity, ever remembering thst our 
conclusions may be modified or altered by future discoveries. Such anticipations, 
however, should not paralyse our efforts. Science is fadvancing, facts are being 
accumulated, and year after year a noble structure is being reared on a sound founda- 
tion. It requires now and then a master-mind to bring out great generalizatio 
and to give a decided impetus to the work. Facts must be carefully weighed, an 
knowl must be accurate and extensive; otherwise a genius in science is apt 
to bring forward rash generalizations and to indulge in unfounded speculations. 
The imagination is disposed to run riot when a grand vista seems to open before 
it, and it flies on heedlessly to the terminus, without surveying the intermediate 
ground. We do not ignore specu ation, but we recommend at the same time cau- 
tious induction—a sifting of , and of their relation to each other. 
Natural-history sciences are now assuming an important place in education. 
They are not confined as formerly to medical men, but they enter more or lesa into 
the preliminary studies of every one. While classics and mathematics ought to 
have an important place in our schools and colleges, natural history cannot now 
be neglected. Universities which formerly ignored it are now remedying their 
error in this respect, and we may ere long hope to find it occupying a still more 
important position in educational institutions. The possession of university 
honours is now connected to a certain d with a know! of nature, and & 
Master of Arts as well as a Doctor of Medicine is supposed to know something of 
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the ob in the material world with which he is surrounded. The establishment 
also of special in ecience is a step in advance for which we ave indebted to 
taining They rometo sourcy of cbservetion nd of devaipton Tay nd 

ining. ey promote accuracy of o n iption, 
the student to look at the objects around him not with an idle gase, bat with an 
intelligent discrimination. ey ensure correctness of diagnosis, and encourage 
orderly end systematic habits, bul does much by mh 

e British Association, in its perambulations, much good by bringing 

subjects prominently under the Hotice of directors of educational institutions m 
various of the country. It stirs up many to see the value of this kind d 
know: and gives practical illustration of its bearing on the ordinary busines 
of life. us the Association has an importent influence on the town in which it 
meets, not merely by what it does during its sittings, but also by its after-effects 
on the population. The very preparations made in the locality for the meeting 
have often been productive of much permanent good. They have heen instu- 
mental in bringing together collections which have formed the nucleus of a local 
museum, and they have been the means occasionally of introducing sanitery mee- 
sures of the highest benefit to the inhabitants. 

In conclusion I would remark, that the contemplation of the works of God is 
only second to the study'of His Word. It was too often supposed that science and 
religion were opposed, Dr. James Hamilton remarks:— Science and religion 
long stood in doubtful opposition. There was much needless dread among the 
believers in the one, and much needless boasting from the disciples of the othe. 
Religious men expressed their convictions with the mingled caution and ssperity 
of fear, while scientific men hastened, with an air of unholy triumph, to ther 
discoveries in direct opposition to the statementa of Scripture. Time haa mach 
to reverse these positions. The progress of investigation, the growth of scholar 
ship, the enlargement of knowledge, have removed many of the Ohjections formerty 
brought against Scripture, and enabled its defenders to give them full and satis- 
factory answers. Now there is less of unbelieving dread on the one hand, les of 
unseemly boasting on the other. It is nu longer necessary to acoff at revelation in 
order to appear witty, or required to question its truth in order to sppear learned. 
The advocates of a heaven-given Bible have learned to use the weapons of thar 
opponents; they can walk abroad among the mysteries of science with as fearless 
@ step as the most daring unbelieyer, and are able to claim the result of its highest 
teaching in proof of the statements and doctrines of the Word of God. The 
attempts to produce opposition between the works and the Word of Gad have 
utterly failed, Tho longer it continued, the greater became their harmony; s 
they approached, their enmity was laid aside—they discovered they were 
The clear eye of Science looked on the serene face of Religion, and received some- 
what of her benignant expression; the pale brow of the ambitious student hes 
bent over the page of Revelation, and his eye blazed with light brighter than the 
fire of genius, for it was radiant with the hopes of a coming immortality.” 

It is clear that religion and science must bein harmony. The works and the 
Word of God cannot be at variance. The two books of Revelation and of Natur 
are complete and perfect as regards their author. In the one we have a revelatia 
in regard to matters of eternal moment—that Word which is true fram the be 
ginning, which cannot be broken, and which abideth for ever,—on the discussion 
of which we do not enter at the meetings of the British Association. As concern 
the great truths thus revealed, he that runs may read. The Book is not intended 
to teach science. “The Bible, however, never does violence to facts, nor to the 
principles of sound natural phi oeophy. Never in one single instance will you find 
it in opposition to the just ideas which science has given us ing the form of 
our globe, its magnitude, and its geology. There is no physical error whatever 2 
the Scriptures; and this transcendent fact, which becomes more admirable in 
portion as it is made the subject of closer investigation, is a striking proof of the 
ingpiration which dictated them, even to their least expressions.” 

e other book has been placed before us in order that it may be examined by 
the intellectual powers of man, and that ite truths may be y evolved in the 
course of ages. ‘The investigation of these truths, on man’s power of 
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observation and research, must necessarily be imperfect. The of it are 
opened by one generation after another, Much error may be mixed up with these 
researches, and we cannot a to an authoritative revelation on these matters. 
There may be science ly so called—incomplete investigations—which at 
first sight may appear to be at variance with statements in Scripture. But all 
supposed opposition will disa as science advances. We have no fear of true 
science. We cannot too carefully or too minutely interrogate God’s works. There 
may be a mistaken {nterpretation of the physical facts mentioned in God’s Word, 
and there may be difficulties as regards them which it is not easy to unrevel, an 
which we may not now be able to explain. So far as our faith is concerned, there 
is no cause for alarm as to the ings of science ; and in regard to minor points, 
there are no contradictions in the two books, Although it is not in these meet- 
ings that wo discuss religious questions, still every istian naturalist must in 
his own mind weigh the bearings of science en that religion which tells him of 
new heavens and a new earth, and on which rest all his hopes of s blessed im- 
tality. 


Borany. 
Description of the Fruit of Clerodendron Thomsonw (Balf.), from Old 
Calabar, “By Professor Bayoun, F.E.S. 4) 


This Verbenaceous plant was sent from Old Calabar by the Rev. W. O. Thomson, 
end had been described and figured by Professor Balfour from imens ia 


the Edinburgh Botanic Garden. The plant has since perfected its fruit, and Pro- 


Belfour gave a description of it, illustrated by drawings. When in fruit, the 
plant resents a showy appearance, owing to the scarlet covering of the inner sur- 
of the achenes. e style of this plant in the young state is terminal, and the 
four achenes are concrete. As the carpels advance in growth, they separate and 
the style falls off. On cutting across the four achenes, we observe at their junction 
a red cellular coat. This coat increases in size, becomes succulent, and finally 
separates the achenes so as to make them spread out in a horizontal cruciate form, 
being united only at their bases. The cells of the scarlet mass contain oil-globules. 


Description of a New Plant-house. By T. Bewzey, 
Communicated by N. B. Warp, FBS, 

The principal feature was a double roof, by means of which the heat was retained 
to such an extent that it took several nights of severe frost to bring down the 
temperatare from 52 to 48 degrees. The effect of this arrangement upon some 
plants was really wonderful, and it enabled the author to grow tropical plants 
rans the roof, while plants requiring a more temperate atmosphere were grown 

ow. 


On Proliferous Cones of the Common Larch. 
By Joux Hoge, M.A., F.RS. §& LS., §e. 

The author exhibited many specimens of the cones of the common Larch which 
presented an abnormal mode of growth. He first observed this proliferous growth 
in two or three cones from a young tree, wherein the stalk of the cone had grown 
through the cone itself to an extent of about two inches, in the autumn of 1858; 
and in the following spring he forwarded them to Sir W. Hooker for the Museum 
in Kew Gardens, where they still remain. 

The specimens he now showed were gathered by himself off several young 
larches in October 1862, in another plantation ; and the shoots from the extremities 
of the cones had in some extended to full 103 inches, which, as they were well 
covered with leaves and buds, seemed perfectly healthy, and capable of growing 
into strong and regular branches. 

This healthy condition forbade him from attributing the singular proliferousness 
to disease, but assured ain ta et pagnated in an exuberance of growth, caused or 
increased by the rainy summer of . 
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The author, for the purpose of ascertaining the mode of growth of the etalk 
through the entire cone, had three cones sawn through longitadinelly, and in all 
the same undivided growth was proved. The cones were quite healthy, and the 
seeds well formed and advancing to maturity. 


List of rarer Phanogamous Plants discovered in the South-East of Durhan 
since 1829. By Joun Hoga, M.A., F.BS., PLS. 


In the year 1820 the author communicated some catalogues of natural history, 
as an “Appendix” to the second edition of the History of Stockton-on-Tees. 
At the last Meeting of the British Association at York, he the “Cate 
logue of Birds,” by including all the more rare kinds which been recently 
detected in that vicinity. So it was his intention on the present occasion to have 
done the same with the rarer Phsenogamous plants that he had met with in the 
south-eastern portion of the county of Durham since 1829, and to have added 
some descriptive notices respecting the rarest, with their habitats. Time, however, 
had failed him; and consequently he could. only present to this Section s bare lis 
of the different plants alphabetical 

Mr. Hogg very shortly mentioned the geological divisions of that district ; and, 
in pointing out the great extent of alluvial deposits and salt-marshes by the river 
Tees, as well as along its wide estuary, the many sand-links and limestone-clift 
on the sea-coast, he remarked that all these different formations were highly favour- 
able for the growth of various plants. Whilst several rarer kinds had been lately 
sntroduced with ballast used in the making of the man railways, others, he re- 
gretted to say, had, after a lapse of many years, entirely disappear 

Scientific and full descriptions of some of the more interesting varieties were 
necessarily reserved for a future communication. 


Anagallis ceerulea. Melilotus leucantha. 

Antirrhinum elatine. Mercurialis annua. 

—— linaria, Meum fceniculum. 

—— minus, Ononis arvensis, J. albo, 

Beta maritima. Orchis p idalis. 

Campanula hybrida. Papaver rheas, fA. albo. 

—— rapunculus. Pastinaca sativa. 

oordamine amare, | Phalaris canariensis. = 
uus acanthoi major, fl. pyramidah. 

—— tenuiflorus. Primus vulveris ver caulescent. 

Centaurea calcitrapa. Prunus cerasus. 

Chrysanthemum segetum. Pyrethrum parthenium. 

Cichorium intybus. Raphanus raphanistram. 

Cuscuta epithymum. Reseda lutea. 

Diplotaxis muralis. Rosa rubella. 

— tenuifolia. rubiginosa. 

Euonymus europeeus. —— tomentosa, ff, albo. 


Fumaria capreolata. 


Rubus fruticosus, 


Galium mollugo. Salvia verbenaca. 
Glaucium luteum. Senecio sylvaticus. 
Habenaria chlorantha. viscosus. 

viridis. Solanum ni 
Hypericum hirsutum. Sorbus aucuparia. 

humifusum. Symphytum officinale. 
Knautia arvensis, ft. albo. ia nudicaulis, 
— fA. . Thalictrum flavum. 
Lepidium campestre. Trifolium incarnatum. 
—— ruderale. Verbascum thapsus. 
Medicago sativa. Zostera marina, 


Notes on Canadian Forests. By Dr. Huisunr. 


" This paper consisted of notes on the Canadian forests in connexion. with climste 
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and contained a description of the varieties of vegetation within a district of about 
2,000,000 square miles, extending from the Gulf of Mexico to the northern bounda~ 
ries of Canada, and from the Atlantic Ocean to the western prairies. 


Note on certain Influences regulating the Forms of Leaves, §e. 
By Maxwett T. Masters, M.D., F.L.S. 


The object of this communication was, lastly, ta show the cause of the groove 
so generally met with on the upper surface of the leaf-stalk ; and, 2ndly, to account 
for the oblique form of certain leaves. 

With reference to the furrow on the leaf-stalk, it was shown that this is a provi- 
sion to prevent undue pressure on the young ing leaf-bud, and at the same 
time to economize space. The truth of this notion is borne out by an examination 
of the leaf-bud, as well as by the fact that when, from various causes, no preasure 
is exerted, the leaf-stalk is not grooved, but cylindrical. A similar explanation 
may be given of the inner palea of grasses, which presente a central ve, into 
which the axis of the spikelet is received, and which is bounded by the two pro- 
minent ribs always present in that organ. In many Restsace@ o similar provision 
exists against undue pressure: whenever, in these plants, a bract or scale 1s closely 
pressed up against the stem, that scale is provided with lateral ribs, bounding a 
central furrow, as in the up r palea of grasses ; this scale, moreover, is frequently 
provided with a coating o hain which affords additional protection against pres- 
sure. In other species, where no pressure is exerted, the scale is either entirely 
absent, or, if present, destitute of the lateral ribs and intermediate furrow. Similar 
illustrations may be found in the bracts of ris, Philydrum, Gladiolus, and very 
many other plants. The obliquity of leaves was shown to be, in many instances, 
the result of a process of mutual accommodation, whereby one portion of a leaf is 
restricted in its growth by the nearneas of a neighbouring leaf, while another part 
not so cramped for s grows to a proportionatel greater extent—a process 
precisely resembling that which takes p ace in the outermost florets of some Cru- 
cifers, e. g. Iberis, the outer petals of some Umbellifers, &c. In the lime, the 
hazel, the mulberry, and many other plants, the leaves are oblique at the base, and 
the branch is bent away from the leaf at a considerable angle—is, in botanical lan- 
guage, flexnose ; a space is thus left, which is filled up by the r segment of 
the of the leaf. Now, ifa line be drawn across a lime leaf in such a direction 
as to cut off the projecting lobe at the base, it will be seen that this line is nearly 

el in direction to that part of the stem above the leaf in question, and from 
which it is deflected. The direction of this line is usually the same aa that of the 
first or second lateral vein proceeding from the midrib towards the margin of the 
leaf, counting from the base of the leaf upwards. Several instances from natural 
as well as from exceptional leaves were adduced in support of the opinion just 
expressed; at the same time it was admitted that this explanation did not sulice 
to account for all cases of the kind, that of Begonia among others, 


ZOOLOGY. 


Descriptions of New British Polyzoa, with Remarks on some imperfectly 
known Species. By Josuus ALDER. 

The ies forming the subject of this communication belong. chiefly to the 
branched calcareous forms of the genera Cellepora and Eschara. e new ies 
described were named Cellepora levigata, Eschara ligulata, and Palmicellaria elegans, 
the latter aleo a new genus, which is characterized as follows :—Polyzoary erect, 
calcareous, inarticulate, cylindrical, smooth, branching dichotomously. Cells dis- 
posed in four longitudinal, alternate series, those on the two opposite series being 
on the same level. Apertures circular, with a broad, projecting, palmate expansion 
in front, bearing an avicularium. This genus is roposed for a beautiful little coral 
dredged this year in Shetland by the Rev. A. M. Norman. The species remarked 
upon included the Eschara leris of Fleming, a species lost sight of by British natu- 
raliate for many years; Eschara Landeborovis, now first ascertained to be an Bechara, 
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but the imperfect state of which had been described by Dr. Johnston as a Leprake 
(this was found on the coast of Northumberland, by Mr. Embleton) ; Quadricellaria 
gracilis of Sars, previously published from an imperfect specimen under the name 
of Onchopora borealis b fessor Busk. Scrupocellaria Deki, a species new to 
Britain, was got from the deep-water fishing-boats on the coast of Northumberland 
by Mr. Alder, and has since on the Durham coast. The last species 
described was the Hornera borealis of Busk, which is now introduced as British for 
the first time: specimens of this were got in Shetland by Mr. Barlee in 1858, and 
since by Mr. Norman. The paper was illustrated by drawings; and specimens of 
most of the species were exhibited. 


On a New Species of Ione. By C. Spence Bare, FBS. 


The genus Jone was first established by Col. Montagu, to receive a species of 
parasitic isopod Crustacea, allied to Bopyrus, which he found beneath the carapace of 
Calliianassa subterranea, a variety of prawn that burrows beneath the sand, and is 
found at the entrance of Salcombe Estuary, as well as in Plymouth Sound. This 

rawn has likewise been taken on the coast of France, and the parasite described 

y Milne-Edwards. The new species, which the author has named Jone cornutus, 
was brought home by Mr. Lord, the naturalist to the Commission which had to 
determine the boundary-line between British territory and that of the United States, 
and was found parasitic npon a species of Calkanassa which he took on the cosst 
of Vancouver's Island. is ies is much larger than that of the 
form, and differs from it chiefly in having the lateral extremities of the somite, or 
segment which bears the antennm, orly produced upon each side of the head, 
after the manner of lateral horns. All the perelopoda are short and powerfully sub- 
chelate. The branchial appendages are arborescent and pendulous; to the inner 
extremity of which two appendages are attached, each of which iv increases 
as the other decreases; so that one is largest nearest the pereion of the animal, 
while the other is longest nearest the caudal extremity. To the posteriar of 
these the male animal attaches itself by means of the seventh pair of pereiopoda. The 
author likewise remarked & very considerable variation in the form of the larve 
from that of either of the nts, although it more near ded with that 
of the male than with that of the female. y correspon 


On the Syndactylous Condition of the Hand in Man and the Anthropoid Apes. 
By C. Carrer Biaxer, F.G.S., Hon. See.A.8.L. 
The author called the attention of the Section to a curious abnormity which is 
ted by the in ent of a specimen of old male Gorilla which was brought 
m the Gaboon by Mr. Winwood Reade, and presented by that gentleman to the 
Museum of the Anthropological Soeiety of London. The specimens of Gorills 
which have been the subjecta of the elaborate and complete memoirs which have 
appeared from the pen of MM. Duvernoy and Isidore Geoffroy St.-Hilaire in the 
Archives of the Paris Museum (vols. viii. and x.), and by Professor Owen in various 
parts of the ‘ Zoological Transactions,’ have, with those described by other anthors. 
all coincided in one attributed character, true as regards the specimens with which 
they were acquainted, which probably represent the majority o imens of Gorilla 
which had been examined in Europe. is statement, reduced to a general pro- 
position, was that the integument of the skin of the fingers was more or less con- 
nected across the first digital phalanx, in such a manner that the first joints were 
firmly connected together by skin, sometimes as far as the distal extremity of the 
first phalanx, sometimes merely to the middle of this phalanx. In no specimen of 
Gorilla, of the description of which the author is yet cognizant, are the digits of the 
anterior extremity free to the same extent as in man, in which the distal extremities 
of the metacarpals mark the termination of the amount of syndactyly of the hand. 
In the specimen of Gorilla to which allusion is made in this short note, the digits of 
the fingers present a different condition of connexion from that in the typical speci- 
mens described by zoologists. The second (index), third (medius), and fourth 
(annulus) digits are free beyond the distal end of the metacarpals, as in the human 
subject; the fifth digit (minimus) is also in a lees degree attached to the annulus 
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than in the specimens of Gorilla contained in various public museums. We have 
thus a specimen of Gorilla in which the digits of the hand are almost as free as in the 
hand of the lower races of mankind. Careful examination, by a lens, of the integu- 
ment, before the preparation of the specimen by Mr. Leadbeater, who first called the 
author's attention to this abnormity, demonstrates the fact that the epidermis covers 
the cutis on the inner sides of the interdigital spaces of the first phalanges of this 
specimen. The consistency of this epidermis merely differs in degree from that of 

e homologous structure in the foot and in other parts of the body. It would be 
interesting to compare such a curious abnormity of the integument with the simi- 
lar abnormities which exist in the human species. The human fingers are most 
frequently connected together by syndactyly, and remain during life in that state 
of arrested development (as regards the integument) which is typified by the 
manent stage of development of the Gorilla. On the other hand, the author has 
never yet met, either in the chimpanzee or orang-utan, with a similar case of free- 
dom of digits to that here described. We must, however, recollect that the number 
of specimens of chimpanzee and orang-utan which have been accurately described 
anatomically forms a very small Percentage. How many individuals of Gorilla may 
exist in which a similar “accidental” variety may exist, must remain for a long 
time unknown to us. The author then referred to cases of congenital syndactyly 
in man, and concluded by suggesting that the speculation whether a like rule, or 
its converse, may Or may not prevail in the ape,—whether it might not through 
generations, during which the congenital defect of the Gorilla, or absence of the 
characteristic syndactyly, might be transmitted, operate towards the production 
of @ more prehensile form of hand,—must be postponed until a larger series of 
specimens shall be examined by anthropologists or zoologists. 


On the Marine Cyclopoid Entomostraca (Calanide), with Notices of some 
Species new to Britain. By Groner S. Brapy. 

Dr. Baird’s ‘Monograph of the British Entomostraca,’ published by the Ray 
Society in 1849, and still the only authoritative work on the British species, contains 
descriptions of only three species of this family, viz. Cetochtlus sepientrionahs, 
Anomalocera Patersonti, and Temora finmarchica, the last of which seems to be 
involved in some obscurity. Mr. Lubbock has, however, since that date, given 
descriptions, in the ‘Annals and’ Magazine of Natural History ” of several new 
British species. My own opportunities of observation have as yet very limited. 
I have examined many gatherings, both littoral and from deep water, on the 
Northumberland and Durham coasts; and Mr. Norman has kindly placed in my 
hands some material of his own collecting, from the Shetlands and the Frith of 
Clyde. This, with the addition of a small gathering made by myself among 
the Channel Islands, constitutes the whole of the material which I have yet been 
able to obtain. It has yielded altogether nine species, four of which are new to 
Britain. It would be out of place here to enter into any minute descriptive details. 
The best ific characters will be found in the form and structure of the antennas 
and the fifth pair of feet, and in the shape of the last abdominal segments: there 
are minor characters discernible also in other organs. One of the most curious 
points of structure is the strong serrated armature existing in many species on each 
side of the hinge-joint in the right antenna of the male. 

I have compiled a table illustrating the distribution of the nine species which I 
have observed, but this can scarcely be thought of much value, owing to the want 
of copious gatherings from more distant places. It will be noticed that all the 
species have been taken in this district: we may be sure that equal opportunities of 
search in other places would have given a longer list. The four species referred 
to as being new to Britain are Ichthyophorba hamata, Dias longiremis, Temora veloz, 
and a ies of Eucheta(?) not yet determined. The most abundant species, 
both in the Shetland and Northumberland gatherings, and occurring plentifully also 
among the Channel Islands, was Diaptomus longicaudatus, Lubbock. This is espe- 
cially abundant in the Northumberland district as a littoral species. I may also 
notice as being of common occurrence here and in Shetland Evadne polyphemuides, 
Leuckart, a species, I believe, hitherto unrecorded as British. Though foun in com- 
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y with the Cyclopoid ies, it belongs to the family Polyphemide, and does 
Pot therefore come within the range of the present paper. Temora finmerchca is 
included in our list on the strength of one mutila imen which, however, 

so well with Dr. Baird’s figures as to leave little or no doubt about its 
identity. 
Northumb. & Durham. 


Littoral. P 


Cetochilus septentrionalis, Goods; 
Anomalocera Patersonii, 7 

Eucheota, sp... 2. cece cee cees 
Diaptomus longicaudatus, Lubbock 
Pontellina brevicornis (f), Lubbock 
Temora finmarchica, ane 
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On the Zoology of Hylton Dene, near Sunderland. By Grorex 8. Bruny. 


Hylton Dene is a ravine or dell, through which flows s streamlet—in north- 
county phrase a burn—tributary to the river Wear, which it joins about ¢ 
of miles above Sunderland Bridge. The burn itself is, like the Wear at that 
point, subject to tidal influence; but the adjacent pools of which we have to speak 
are above the level of high water at ordinary spring tides. On a flat expense 
each side of the burn are situated several small and very shallow pools, the depth 
of which is mostly only about six or eightinches. Zoologically we may divide them 
into three groups in the order of their proximity to the river Wear; and we find 
that the proportion of chlorides contained in their water regularly decreases a: We 
recede from the river. As regards their organized inhabitants, the pools differ no 
less conspicuously than in their inorganic constituents. Those of the firat and most 
saline group are marked chiefly by the presence during the autumn months of two 
Nudibranchs, Alderia modesta and Timapontia depressa. They contain also, mcom- 
mon with the second group, various Crustacea: Gammarus locusta, a be 
Palemon varians, Crangon vulgaris, hium , Sp. sp., and Temors 
velor, an Entomostracan of the order Calanidm. ides these, there are two or three 
species of Foraminifera and some Annelida, I think of the genus Nereis. The second 
group is characterized more by the absence of certain species which occur in the 

and third, than by any inhabitants peculiar to itself. The single large and 
deeper pool which forms our third group differs in nothing, except its peculiar 
Crustacean fauna, from an ordinary freshwater pond. It is o tolereble depth, but 
very narrow—more like s tortuous ditch than a pond; and it affords a home & 
numerous Notonecte, Beetles, Water-rata, to a few individuals, small and stunted, 
of Limnaus pereger, and to a beautiful Polyzoon, Plumatella repens. The Ento- 
moatraca of this pool are all purely freshwater species, such as Cyclops , 
Candona lucens, and several Cyprides, The moet interesting inhabitants are, how- 
ever, some of the | Crustacea, Palemon varians, Mysis vulgaris, and Corv- 
phtum longicorne, all of which occur in great numbers. 

Estuarine swamps, such as this, seem to be the nearest analogues we now posses 
of the extensive lagoons of the Carboniferous period. To the paleontologist it 
must be a matter of considerable interest to note the association of species 
such localities; and I think enough has been said to show that considerable cau- 
tion should be used in pronouncing upon the saline or freahwater nature of spy 
deposits merely from the nature of the animal forms which they enclose. 


Notes on Foraminifera new to the British Fauna, 
By Henny B. Brapy, F.L.S. 
After some preliminary remarks on the various methods which have been proposed 
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for the separation of recent Foraminifera from bulky material, the author proceeds to 
enumerate and describe several species not before recorded as British, which, with 
some others not yet satisfactorily determined, had resulted from the examination of 
dredgings from various parts of our coast. 

Experience showed that too great dependence should not be placed upon any 
single mode of treating foraminiferous sand; that, whilst difference of specific 
gravity might be taken advantage of, by floating and other means, for the separa- 
tion of the more delicate forms, 1t was ost useless so far as concerned the porcel- 
lanous and arenaceous groups. In the manipulation of these the best assistance 
seemed to be derived from the use of wire-gauze sieves of different degrees of 

neness. 

The Shetland material, from which most of the specimens alluded to in the paper 
were derived, was dredged by Mr. J. Gwyn Jeffreys and Mr. E. Waller, at depths 
varying from 65 to 85 fathoms. That from the Irish Sea was from the Admiralty 
soundings, off Laxey, communicated by Mr. E. C. Davison, depth 15 fathoms. The 
sand from the Northumberland coast was taken from 35 fathoms, near Holy Island, 
during the recent dredging-operations conducted under the direction of the British 
Association Dredging Committee. 

The following is a list of the species whose occurrence in the British seas is 
noted for the first time :— 

Biloculina spheera, D’ Orb. Shetland, very rare. . 

Biloculina contraria, D’ Orb. Shetland, very rare. 

Triloculina tricarinata, D’ Orb. Shetland, very rare. 

Quinqueloculina pulchella, D’ Orb. Shetland, only a single, somewhat mon- 
estrous specimen found. 


Lituola scorpiurus, Montfort. Shetland, rather rare. 

Lagena distoma, P. & J. Northumberland coast, rare; Shetland, 
very rare. 

Glandulina levigata, D’ Orb. Shetland, very rare. 

Bigenerina digitata, D’ Orb. Shetland, rare. 

Bolivina punctata, D’ Orb. Shetland, very small feeble specimens, not 
uncommon. 


Planorbulina Ungeriana, D’Orb. Shetland, common in some localities. 
Planorbulina Haidingerii, D’Orb. Shetland, rare. 
Pulvinulina Menardii, D’ Orb. Irish Sea, rare. 
Pulvinulina concentrica, P. § J. Shetland, rare. 


Pulvinulina Karsteni, Reuss. Shetland, very small and delicate speci- 
mens, rare. 

Rotalia orbicularis, D’ Orb. Irish Sea, rare; Shetland, rare. 

Discorbina Bertheloti, D’ Orb. Shetland, rare. 

Anomalina coronata, P. & J. Shetland, common. 


Polystomella crispa, var. arctica, Shetland, common. 
OJ. 
Nonionina stelligera, D’ Ord. Shetland, rare. 


On the principal Divisions of the Pacific Fauna, By W. Harpzr Pzasz, of 
Honolulu. Communicated by Dr. P. P. Canpentsr. 

The author, having been engaged for many years, personally and by his agents 
in making careful explorations of the marine ‘and land faunas of various prou ; 
of the Pacific islands, is preparing materials for a comprehensive work on the 
subject. He desires to correspond with other naturalists who are engaged in 
similar investigations. 

He is led to the conclusion that the centre of creation for the Pacific fauna lay 
in the neighbourhood of the Philippines; one line of distribution passing in a 
northerly direction to the Hawaian islands ; another over the small islands near the 
equator ; a third, through the larger groups, in a southerly line to the Paumatus 
and Marquesas. 

The general elevation of land over the Pacific islands has been more regular 
than the tables heretofore made would lead us to believe. 
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The distribution of the land shells strangely coincides with that of the native 
races, the Papuan and the Malayan. 

The Hawaian fauna is perhaps the most isolated in the world. The small 
islands still marked on the charts towards the American coast have no existence. 
But there is a chain of islands, running el with the axis of the Hawaian 
group, and connecting it with the northern part of J which have been 
strangely neglected by the exploring expeditions. rhey ave been principally 
examined by Capt. J. Paty, who was commissioned by the Hawaian governnat 
for that purpose, They are apparently in process of subsidence ; but their shell- 
fauna coincides with the Hawaian. 


On the Colour of the Salmon. By Joun Davy, M.D., PRS. 

The colour, the subject of this paper, is that of the muscles of the Salmon and its 
congeners when in their highest condition—the peculiar salmon-colour. The sathe 
remises that it is commonly attributed to an oil This conclusion he is not able 
adopt, there being several facts opposed to it:—Ist, that all the muscles are not 
similarly coloured, some even being colourless, as those of the eye, which are sur- 
rounded by and in the midst of a colourless adipose membrane ; 2nd, that thee 
muscles are not of highest colour, as the thin portion of the fish, which abound mest 
in oil; Srd, that the results of chemical examination tend to prove that the colour 
is not essefitial to the oil, but is seated in and belongs to the muscular portion, i ¢ 
to those muscles which are most strongly coloured, such as constitute the thick pe 
of the fish. The conclusion which, according to the author, seems most warranted by 
the facts, is that the colour depends on a peculiar colouring-matter of an organized 
kind, analogous to those colouring-matters which exist in plants ially their 
leaves and flowers, and in the tegumentary parte of mammailia, birds, and fishes, 
such as the hair of the first, the feathers of the second, and the epidermis of the 
third. And in accordance, he thinks, it may be a secretion, partly depending 

the food taken, such aa ie required to bring the fish into ita highest conditica. 
Tast of the British Pycnogonoidea, with Descriptions of several New Species. 
By Grorer Honer. 
No complete list of the British Pycnogons has appeared, and such information 83 
we possess is scanty and scattered. It is difficult to account for this neglect, as thes 
animals possess considerable interest both in their life-history and their peculiarly 

d od physiological features. 

n examination of such records as I have been able to consult has enabled me to 
compile a list of twenty-two species, the total number recorded as British. With 
two exceptions, that of a Phorichiidtum by Mr. Gosse and s Phorichihdam 
a Nymphon by myself, no new species have been published since Harry Goodsir and 
Dr. Johnstone’s time: the former described seven species, principally from the 
Frith of Forth; it is possible, however, that two or three of thom might not stand 
& very critical examination. . 

The list, as it now stands, contains 


18 species of Nymphon, 
2 yy Pallene 
4 3}  Phoxichilidium, 
1 , Pasithoé 
ly Phoxichilus, 
1» Pycnogonum ; 
22 


in all twenty-two species, including the four which were recorded in my of 
the Pyenogons obtained last year during the dredging-expedition to the Dogget 
Bank under the auspices of this Association. 
I have now to increase this list by the addition of ten species, seven of which 
are new to science, and three new to Britain. 
The new species are contained in the following genera :— 
Ammothoa, a genus not before represented by any British form. 
chelia, anew genus which I found it necessary to establish. 
Pallene and Phoxichihidium. 
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The genus Asnmothoa is in some respects like Nymphon, the most decided dif- 
ference eing the ter number of joints of the palpt Ammothoa Possess! eight, 
whilst Nymphon has only five. The foot-jaws mn Nymphon are always as long or 
longer than the rostrum; in Ammothoa they are much shorter. 

have two new species to describe, for which the specific names of brevipes and 


tongipes are propose 
e limbe. of eAmmothoa brevipes are short and robust, furnished with moderately 
long, strong spines. The rostrum is conical, with the apex truncate; the foot- 
jaws nearly two-thirds the length of the rostrum ; palpi equal in thickncas through- 
out,—if anything, slightly thicker at the free end. Oculiferous tubercle terminating 
in a pointed wart, directed backwards. Abdomen long, slightly tapering. 
Several specimens have occurred on the Durham coast, from deep water. 
Ammothoa longipes is more slender in general form than Ammothoa brevipes. The 
rostrum is as long as the thorax, tapering to a moderately blunt point. The palpi 
are long and slender, the four terminal joints being of about equal length. 
A. single specimen from Polperro. 
Achelia is distinguished by the possession of two pairs of palpi, one pair long 
and slender, the other short and stout. The genus may be thus characterized :— 
Antenne two-branched, one pair long and slender, eight-jointed, the other pair 
short and stout, two-jointed, and produced immediately in front of the ocu- 
: liferous tubercle. . : ¢ pal 
Nn some ects this genus es with a form possessing two pairs 0 i 
which Kroyer named Zetes; it may, however, at once be distinguished by the very 
different character of the rostrum, Zetes being much elongated and seated upon a 
sort of stalk, Achelia being short and stout. 


furnished with strong spines 


than 
This species has been found in the Channel Telaads, the Isle of Man, and upon 
the Durham coast. Itis by no means uncommon, from low tide to a few fathoms. 

Acheha hisyda is distinguished from Acheha echinata by the much smaller di- 
mensions of the spines, which, in this species, are mere hairs, and also by the rela- 
tive sizes of the inner palpi and oculiferous tubercle ; the latter organ reaches but a 
little beyond the origin of the inner palpi, which are robust and furnished with two 
circlets of little spines ranged round the upper and lower ends of the first joint. 

Achelsa levis is remarkably free from hairs, merely possessing a few small ones on 
the femoral and tarsal joints, The oculiferous tubercle is much shorter than either 
of the preceding, the inner palpi more closely resembling those of Achela echtnata. 

The two latter species were sent me from Polperro, in Cornwall. 

The rostrum of Phorichihidium virescens is stout, slightly thickened in the middle, 
truncate at the apex. The foot jaws are slender and closely approximated at their 

igin, each finger with 6-8 teeth. Legs moderately long. Colour pea-green. 

veral specimens of this species were sent me from Po perro. . 

At first sight it might be mistaken for Phorichikdeum ols , but the closely 
approximated foot-jaws at once show its distinct character. 

Pallene pygmea wes taken by Mr. Spence Bate so far back as 1853, and by him 
noticed in a paper of that year read before this Association at Hull. It was, how- 
ever, neither named nor described, his remarks bearing upon the larval stages of 
these animals. I have also taken a single specimen upon the Durham coast; it 
may be thus characterized— 


Thorax robust ; legs long and slender, constricted at the joints; last joint fal- 
ciform, with a strong toothed shoulder at the base. Two strong spines on the 
sixth joint. Rostrum short, stout. Foot-jaws closely approximated. Oculi- 
ferous tubercle moderately long. Abdomen stout. 


The three species new to Britain all belong to the genus Nymphon. They were 
described by Kroyer in Gaimard’s ‘Scandinavian Voyage.’ One species, Nymphon 
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Strémé, has been taken in Shetland by the Rev. A. M. Norman; the other two, 

viz. Nymphon mixtum and Nymphon longitarse, have been taken by myself on the 

.Durham coast. ; ; _ 
The following list contains all the species at present known to inhabit the British 


Nymphon, Fabricius. Achelia, Hi 
e, Leach. echinata, Hodge. 
ipes, Fabricius. hispida, Hodge. 
Famoratum, Leach. levis, Hodge. 
pictum. Pallene, Johnston. 
teum, Johnston. breviroetris, Johnston. 
ongitarse, Kroyer. circularis, Goodsr. 
mixtum, Kroyer. pygmsxa, Hodge. 
Strémii, Kroyer. Phoxichilidium, M.- Edwards. 
hirtum, Fabricius. coccineum, Johnston. 
brevitarse, Kroyer. giobosum, Goodser. 
Johnstoni, Goodsir. olivaceum, Gosse. 
spinosum, Goodstr. petiolatum, Kroyer (Pallene at- 
pellucidum, Goodsir. _tenuata, Hodge). 
simile, Goodsir. virescens, Hodge. 
minutum, Goodstr. Pasithoé, Goodsr. 
brevirostre, Hodge. vesiculosa, Goodsir. 
Ammothoa, Dana. Phoxichilus, Montage. 
rake edge Pychogonum, Fabries 
ongi e. cnogonum, 18. 
nee y littorale, Strém. 


There can be little doubt that a careful examination of the species found on 
various parts of our coast would add many new forms to this list, especially amongst 
the smaller species. 

Whilst most departments of marine zoology have made rapid strides within the 
last few years, our knowledge of the Pycnogons has scarcely advanced. No doubt 
this is owing in a great measure to the difficulty in determining the species in con- 
sequence of there being no complete list. It is hoped the foregoing may in some 
degree supply this want, and lead to these animals being better known and under- 
stood. 


On the Roman Imperial and Crested Eagles. 
By Joun Hoee, M.A., F.RS., LS., Fe. 


The author, in giving an account of the Roman Imperial Eagle and several 
crested or crowned Eagles, showed that the former bird is the la hekaca of 
Savigny, which, in many of its characters, resembles our Golden Eagle (4. chry- 

étus 


saétus). 

The Roman Eagle was not crested ; and when lately engaged on his Memoir on 
Baalbec, the author was led to inquire if any existing species of the Eagle tribe 
could really have been the ype of the beautifully sc puured crested Eagies which 
are seen in the Temples of the Sun at Baalbec and at Palmyra, in Syria. 

The author then described several crested or crowned Eagles, two of which are 
natives of Africa, viz. Aguila Desmurstt and Spizaétus coronatus; and these, with the 
Crested Indian Eagle, Sptzaztus cirrhatus, inhabiting Nepal and India, might have 
been known to the Roman artist, and so have been taken for the model of those 
gculptured birds. He further described the Thrasaétus harma, furnished with 

crest, as well as that noble bird recently added to the le-collection in 
the Zoological Society’s Gardens in the Regent’s Park, the Harpyhaliaétus coronatm 
of Temminck; but since both these species are natives of South America, they 
could not have influenced the sculptors in their selections of a Hence it ia 
probable that one or both of the African birds might have afforded to the Roman 
artists, suggestions for the modelling of the crested Eagles, which are s0 well 
executed in the temples of those ancient cities. 

Mr. Hogg illustrated his descriptions with several drawings which he had made 


”thoee sculptured Eagles, and of some of the species under consideration. 
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An Account of the Attempts to Transport Salmon to Australia. 
By T. Jounson. 

The apparatus employed in the different attempts to carry out the ova and fry 
were exhibited. The author showed specimens of f hatched from ova which had 
been buried for ninety days in the Wenham Lake Ice Company’s Wells. In the 
same vessel were placed for comparison fish from the same ova, but which have 


been hatched in the ordinary way: these were considerably larger than thoee pro- 
duced from the preserved ova. y y P 


Note on some Foraminifera dredged by the late Mr. Lucas Barrett at Jamaica. 
> By Professor T. Rurrrr Jonzs, F.G.S., and W. K. Parker. 


Of these specimens (evidently only the larger and more conspicuous members of 
a rich Rhizopodal fauna), some were taken at from fifteen to twenty fathoms, 
namely, Qusnqueloculina agglutinans, Q. pulchella, Orbiculina compressa, and O. 

; some at from 50 to 100 fathoms, namely, Orbiculina essa, Dentahna 
actcula, and Orlitohna vesicularis; and several others at from 100 to 200 fathoms, 
namely, Dentakna acicula, D. communis, Cristellaria rotulata, C. cultrata, C. calcar, 
Frondeularia complanata, Amphestegs aris, Polytrema mimacea, Bigenerina 
nodosaria, Vernewslina tricarinata, Textularia trochus, T,. Barrettis, Cuneolina pavo- 
nia, Lituola scorpiurus, and L. Soldanis. 

Cumeolina, a rare form, hitherto known only by figures and descriptions given by 
D'Orbigny, proves (as suspected) to be a modification of Textularia; and 7. Bar- 
rettit is intermediate between it and Teztularia proper. The Frondicularie are 
remarkably and beautiful; and the Cristellaria and Dentalina are also large 
and relatively abundant. 

This fauna is almost identical with the fossil Foraminifera of the Pteropod-marl 
of Jamaica, a tertiary stratum, specimens from which were also given by the late 
Mr. Lucas Barrett in 1862 to the authors of this notice. 


Abstract of the Report of a three-wecks’ Dredging- Cruise off Scarborough. 
By J. Leckensy. 

The author described the nature of the ground upon the Dogger Bank, distant 
about 70 miles from land—rough gravel (northern drift) with fragments of jasper, 
greenstone-porphyry, &c., similar to those which strew the beach near Scarborough, 
and the purely littoral character of the Dogger fauna; the depth of water on the 
bank ranging from 5 to 15 fathoms, the sea often breaking over the shallower parts. 

He further described the results of dredgings in deep water in apparently lias 
mud, 40 to 50 miles from land, between the Dogger and the coast. Amongst 
others of leas note were obtained— 


Fusos Turtoni, Scalaria Trevelyana, 

—— horvegicus, Bulla Cranchii, 

— P ovum, Crenella nigra (very large and fine), 
— Propinguas (abundant), Nucula tenuis, 

Mangelia nebula, Leda caudata (very large), 

Natica Montagui (very large andfine), | Syndosmya prismatica (v yy 
—— greenlandica, Solen pellucidus, 13 in. in length, 


many of the species enumerated not having been hitherto obtained by the dredge. 

He also gave a list of species obtained within 10 miles of the shore, at a depth of 
from 20 to 25 fathoms, and enumerated the various Echinoderms that were ubtained, 
and recorded the occurrence amongst the Crustacea of Pagurus cuanensis, hitherto 
only found off the Irish coast. 


On the Irruption of Syrrhaptes paradoxus. By A. Newror, F.LS. 
These birds, which are commonly known as Pallas’s Sand-grouse, and which are 
of Chinese origin, have made recent visits to this country, but have been rapidly 
exterminated or driven away. It appeared from the statement of the paper, that 
about 109 of these rare birds had been killed in the British Isles, of which 68 were 
shot in Norfolk and Suffolk. The author strongly condemned the unnecessary 
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slaughter which had taken place, and was still taking piece, among this speci 
which would have established iteelf here if it had received the commonest hospi- 


tality. 


On the Morphology of the Ophiuroidea, 
By the Rev. AuwRED Meriter Norman. 

The structure of the skeleton in these star-fishes was commented upon with 
especial reference to certain morphological points which were found to be of great 
value in the elucidation of species, but which had not hitherto been attended to 
by British naturalists. The following recent additions to our fauna were mea- 
tioned :—Ophiura Sars (Liitken), Ophiura_squamoea (Liitken), Ophixra afin 

Liitken) (synonymous with O. Normani, Hodge), Amphiura Chiapii (Forbes), 
opeltis securigera (Duben and Koren), Asteronyx Lovéni (ML and T.); and the 
specific characters of the several forms were pointed out. 


On British Holothuriada with reference to new Species. 
By the Rev. A. M. Normay. 


The object of this paper was to bring together information which is scattered 
through many publications on the naked Echinodermata of Great Britain. Since 
the publication of the late Professor Forbes’s work, several species of interest have 
been added to our fauna—namely, Cucumaria elongata (Duben and Koren), Thyone 
raphanus (Duben and Koren), Psolus sguamata (Duben and Koren), Holothuris 
nigra (Peach , and Synapta tnherens (Miiller). e author described three new 
species : inus pusillus, taken by Mr. Alder and Mr. G. H on the coast of 

urham; Zhyone fioccosa, from Cornwall; and Synapta tenera, ged by Mr. D. 
Robertson in the Clyde district. Attention was especially called to the value of 
the examination of the dermal spicula or calcareous plates in determining specific 
character in this order. These plates are generally profusely distributed in the skin 
of the Holothuroidea, and are found in the feet and tentacles. 


On the Occurrence of the Sperm Whale (Physeter macrocephalus) near 
Wick, N.B. By C. W. Pracu. 


It was found floating dead on the west side of this county (Caithness) m Angus 
1868, and towed into a small cove near Reay. Ita | was between 60 and 70 
feet, and it yielded about 1620 gallons of blubber, spermaceti, nd oil. Each lower 
jaw had about 22 teeth. 

Captain Macdonald, of Sandside House, purchased it of the Receiver of Wreck, 
and under his superintendence the skeleton has been carefully preserved. The 
authorities of the British Museum have since purchased it for that institution. 


Notice of a Monstrosity in a Whiting. By C. W. Rose. 


The fish, which was exhibited to the Section, had three eyes, two in their natu- 
ral position, and one between the two. He believed dusus natura among fish very 
rare, a great authority upon the subject mentioning only two such malformations 
—in one case a contraction of the upper jaw, and in the other an elongation of the 
- lower. As a proof of the rarity of these occurrences, it was only necessary to bear 
in mind that, amongst the thousands of whiting brought in, and the hundreds o 
thousands of mackerel and herring, this was the only instance of the kind of which 
there was any note. . 


On the Generic Characters furnished by the different Modes of mining Leaves 
adopted by the Larve of Micro-Lepidoptera. By H. T. Sramvron. 
There are no less than 20 different genera of the Zineina of which tho larve 
mine beneath the skins of the leaves of plants; some of these always rem 
miners, having no power of quitting their mine to enter a freah ane; some 
even change to the pupa state within the mine, but the greater number issue 
from their mines when full-fed, some before doing so cut out flat oval cases from 


® 
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the mined portion of the leaf, in which they descend to the ground, and therein 
change to the pupa state. Some mining larve move freely from one leaf to 
another; some only mine when they are young, feeding externally when about 
half-grown. Some of these mining larve have the complement of legs and 

rolegs; some have only 8 prolegs, the first pair of ventral prolegs being sbeont ; 


y, some are entirely without legs, and these are difficult to recognize as Lepi- 
dopterous larvee. 


On some Elucidations of the Geologwal History of North Africa, supplied by its 
lacustrine Fauna. By the Rev. H. B. Tristram. 


On certain Facts on the Variation of Species, which point to Western Asia as the 
centre of Creation for the Palearctic Region. By the Rev. H. B, Tristram. 


On the Physical Geography of the Malay Archipelago. 
By Arrrep R. WaALLace. 

This archipelago extends from the Nicobars on the north-west to San Cristoval, 
one of the Solomon Islands, on the south-east; and from Luzon, on the north, to 
Rotti, at the south-west angle of Timor, on the south; being an irregularly trian- 
gular area of 29}° latitude, by 69° of longitude. For ethnological and other pur- 

the Malay peninsula, though a portion of the mainland, is included in this 
insular belt ; and analogous reasons induced the determination of the eastern limit. 
The author advocated the insertion in all future atlases of a special map of these 
islands, comprising so many races of man and such variety of physical P enomena 
as to entitle it almost to be regarded as the sixth great division of the globe. The 
immense number of active and distinct volcanos were then mentioned (the islands 
in which the former occur being unusually liable to earthquakes), as also the immense 
forests which, throughout a great portion of the archipelago, clothe even the 
loftiest mountains to their summits; while in other portions these give place to 
arid hills and plains scantily covered with scrub. The meteorological phenomena 
display similar contrasts, some of the islands experiencing the monsoons with the 
utmost regularity, while others show an inconstancy of climate resembling our own. 
But the most marked feature of the physical geography of the region is to be found 
in the fact that one large section is connected by a very shallow sea with the con- 
tinent of Asia, while a similar submarine plateau unites another portion to Australia; 
the intervening belt of ocean being almost unfathomable. 

The author then subdivided the islands into—1l. Volcanic and Non-volcanic ; 
2. Forest Country and Open Country; 3. Well-marked Seasons and Undefined 
Seasons ; and 4. Western or Indo-Malayan Region, and Eastern or Austro-Malayan 


on. 

to the first, Borneo and Celebes formed two central masses, round which the 
volcanic islands are distributed in a band about 5000 miles in length, roughly con- 
forming to their outline, and comprising about fifty active volcanos. Throughout 
this entire length are to be found, at innumerable points, most convincing evidences 
of frequent upheavals and depressions of land, especially of upraised coral-reef. 
The island of Celebes, the great mass of Borneo, and the whole Malay peninsula 
have absolutely no volcano, active or extinct ; and there is a similar quiescent area, 
000 miles wide, in the great island of New Guinea, where no volcano is known to 
exist nor earthquake to occur in an island estimated to contain 290,000 square 
miles, or 53,000 more than Borneo, hitherto regarded aa, after Australia, the largest 

island in the world. Still further to the east occur a few small active volcanos. 
After describing the most striking peculiarities of climate and seasons, the author 
passed to the consideration of the geological formations and zoological products, 
and stated as a recognized fact that one portion of the archipelago is entirely 
Asiatic, while the remaining portion is quite as distinctly Australian. In support 
of this view, he briefly discussed the relations of the geographical distribution of 
animals and plants with geology; and claimed that the same changes in geological 
distribution of land and water, of which we have so many evidences in our pre- 
sent acquaintance with the constituents of the earth’s crust, are still going on. 


o 
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Wherever upon islands contiguous to each other or to a continent animals or plants 
of the same or closely analogous descriptions are observed, it will be found, upon 
investigation, that the sea between them is shallow; and that where a deep exes 
divides islands from each other, there entirely different types will be found. As 
upheaval of only 50 fathoms would make dry land of the whole sea intervening 
between Borneo, Java, and Sumatra, and the mainland of Malacca and Siam, whi 
the 100-fathom line of soundings includes the Philippines and other groups; from 
which fact he es the comparatively recent submergence of this of Asa 
He then adduced a variety of a ents from the zoological world, instanciee 
examples both of Carnivora and Ruminantia which are common to the island: 
named and to Southern Asia, while they are totally unknown to Australia, ve: 
which could never have reached the islands of the western section from the main- 
land of Asia so long as the ocean retained its present configuration. 

A few anomalies are observable in the Philippines, which could sufficiently be 
accounted for by the more remote period at which they were cut off from Asia. a 
indicated by the greater depth of the intervening ocean. The islands, from Celeb-= 
and Lombok eastward, present many of the characteristic features of the Austra- 
lian region, as indicated by the shallow sea and the similarity of fauna and fiors 
between the eastern section of the Indo-Australian archipelago and Australia, 
while the strait, barely 15 miles wide, between Bali and Lombok, marks the dividin:- 
line between the Asian and Australian kingdoms of natural history. From th 
various data a general conclusion may be drawn, that all the islands eastward .<¢ 
Borneo and Java formed part of an Australian or Pacific continent, from which 
they were separated at a period not merely long antecedent to the submergence uf 
the adjacent portion of the Asiatic continent, but probably long before any portion 
of South-eastern Asis emerged from the waves; basing this conclusion upon the 
comparatively recent geological formation of Java and Borneo, and on the t 
depth of the sea between Borneo and the eastern section of the archipelago, which 
pointed to a very long period during which the two continents of Asia and Australis 
were widely separated. 

Particular attention was called to the fact that the division of the archi 
now pointed out did not correspond to any physical or climatal divisions; for the 
volcanic band runs through both sections, and the climates of Borneo and New 
Guinea are very similar; yet in spite of these, which are usually deemed the neces- 
sary conditions for ensuring similarity of animal life, the most striking contrast 
between them qeapectively at once forces itself even upon the most unobeervast 
traveller. The difference between these two sections of the archipelago was farthr 
illustrated by showing what would be the consequence of the two continents of 
Africa and South America becoming joined in the course of ages by the slow up- 
heaval of the Atlantic bed, and the erosive agency of rivers on either continent. 
If, then, a renewed period of upheavals occurred, islands would have been formed 
similar to those of the Indo-Australian archipelago, yet equally dissimilar as to 
natural history. The paper concluded by urging upon naturalists increased devo- 
tion to that science, as tending to throw light upon many of the most recondite 
questions of the earth’s previous history. 


On the Geographical Distribution of Animal Life. By A. R. Warzace. 
The author called attention to the six geographical regions established by Ie 
Sclater (Proc. Linn. Soc., Feb. 1858) for ornithology—viz., lst, the N “ns 
comprising South America and the West Indies; 2nd, the Nearctic, including the 
rest of North America; 3rd, the Palsarctic, composed of Europe, Northern Ass 
to Japan, and Africa, north of the Desert; 4th, the Ethiopian, which contains the 
reat of Africa and Mad ; 5th; the Indian, containing Southern Asia and tbr 
western half of the Malay archipelago ; and 6th, the Australian, which comprised 
the eastern half of the Malay Islands, Australia, and most of the Pacific 
It was stated that these regions would apply almost equally well to mammal. 
reptiles, land-shells, and insects; but there were some exceptional cases, which 
it had been thought would render these regions inap licable to zoology grne- 
rally. These exceptional cases were—lIst, that the batrachians of Japan sr 
Palearctic, agreeing with the birds, &c. ; but the snakes are altogether In tian, as 
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pointed out by Dr. Giinther in his paper on the geographical distribution of reptiles 
(Proc. Zool. Soc. 1858, p. 373) d, that the mammalia of North Africa are 
not European, like the birds; 3rd, that the insects of the Moluccas and New Guinea 
are generally of Indian forms, while the birds and mammals are Australian; and, 
4th, that the insects of Chili are of North-Temperate and Australian forms, while 
the birds and mammals are mostly of true South-American groups. These cases 
were treated successively; and it was shown that the statement as to the mammals 
of North Africa was incorrect, and that they really very strongly confirmed the evi- 
dence of the birds and reptiles as to that country being Palwarctic. In the other 
cases the anomalies of distribution were explained as Foing due to special exce 
tional circumstances, which should not invalidate the general accuracy and useful- 
mess of these divisions. The discrepancies in the distribution of plants, which, 
while often agreeing with those of insects, were much greater, were sup to be 
im a great measure Sue to the adventitious action of the glacial epoch of floating 
ice. In conclusion, naturalists were called upon to furnish detailed information as 
to the agreement or discrepancies of this system of geographical regions in the 
groups to which they paid special attention, so that a final conclusion might be 
arrived at as to the advisability of adopting them for general use. 


PHYSIOLOGY. 


Address by Professor Rotiestor, F.B.S., President of the Subsection. 


THe President opened the business of the Subsection by a bibliographical 
survey of recent physiological works, periodical and systematic. Speaking, firstly, 
of British periodicals, he observed that the liberality of our various scientific so- 
cieties in publishing so many volumes of Proceedings in octavo, with illustrations, 
accounted for the more or less popular character of most other lish scientific 
journals. More strictly and severely scientific papers were to be found on the Conti- 
nent, in such works as the ‘Zeitschrift,’ published under the auspices of Siebold and 
Kolliker, or the ‘Archiv’ of Reichert and Du Bois Reymond, than we ordinarily saw 
in publications devoted similarly to biological science, and dependent similarly on 
public patronage, in Great Britain. The rapidity and readiness with which the 
societies alluded to published the most rigidly scientific dissertations made them, 
within these islands, the favourite channel for such communications. On the 
other hand, the fact that a large number of semi-scientific natural-history periodi- 
cals were published in this country proved that a strong taste for such subjects was 
becoming widely diffused throughout it. 

The more exclusively professional and practical medical press gave evidence of 
a similar tendency in the important section of the community for which it was 
intended, by the publication of lengthy series of lectures on the more recondite 
parts of philosophical anatomy, which could scarcely have any very direct bearing 
on the practical exercise of the art of healing. 

Passing from periodical to systematic literature, Professor Rolleston said that 
there were three great departments, viz. that of experimental physiology, that of 
structural and especially of microscopic anatomy, and, thirdly, that of compara- 
tive anatomy, in which accessions both to our knowledge and to our means of ob- 
taining it, had been recently made. In the department of experimental phy- 
siology, Dr. Edward Smith’s, Dr. Davy’s, Dr. Radcliffe’s, and Dr. Pavy’s recent 
works were well known to the Members of the Association, before whom the 
authors had brought, or would upon the present occasion bring, papers. Whilst 
upon this subject, Professor Rolleston made some remarks upon vivisection. A 
defence might be set up for it upon the following grounds, and under the follow- 
ing limitations :—Firstly, in the operations 7 sper under that name, the first 
thing done in many cases was to ex ish life and sensibility in a manner (as by 
pithing) as much more epeedy than the ordinary methods for the destruction of 
animals, as the scalpel of the anatomist was a surer and speedier agent than the 
clumsy tools of the slaughter-house or the uncertain ones of the sportaman. In 
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against which the instincts and, even leas ambiguously, the practice of the 
mass of mankind would be found to rebel, at all events at present. And it migit 
further be said, that the results of iments on the lower ani 

us to understand something of the nature of, and to combat, with some of 
success, the attacks of two terrible human and diabetes. 
question was a complex one, very different considerations having to be weighed 
one against the other, one scale contammg human, the other te suffering 


here, and in a British Association I need allude no further to the matter.” 

In structural (and ecepocially in the microscopic part of structural) anatomy, the 
writings of Professors e and Kiihne (both of whom had read papers last year 
before the Subsection) were particularly noteworthy, and the names of Dr. Turner 
and Dr. Roberts were both honourably connected with the subject and with the 
Association. As a periodical, the < Quarter! Journal of the Microscopical So- 
ciety,’ and as a systematic work, Virchow’s ‘Cellular Pathology,’ were deserving 
of our best acknowledgments. 

The important questions of “ Man’s place in Nature,” and of the relative position 
of the several varieties of the species, had never received s0 much attention from 

rofessed anatomists as within the present year. Professor Huxley’s name at 
ome, and Karl Vogt’s abroad, sufficiently illustrated this observation; and Vos 
Baer and Rudolph Wagner were devoting the evening of their long lives of succes 
ful biological labour to the elucidation and exposition of this momentous question 

The most recent systematic work on comparative anatomy with which the 
speaker was acquainted was that of Gegenbaur a, and it was also a most excellent 
one; and Professor Owen’s edition of Hunter’s ‘ Essays and Observations ' was 8 
most valuable addition to the literature of that branch of knowledge. 

No place could boast of better workers in zoological anatomy than Newcastle, 
rich in an Albany Hancock, a Joshua Alder, a Dr. Embleton ; nor could any local 
natural-history society fairly claim a superiority over the Tyneside N. 
Field-Club. 

A new systematic work on zoology was now issuing from the Leipsic pres: 
the names of the several authors, Peters, Gerstacker, and V. Carus, were 8 vely 
abundant guarantee for its anatomical and physiological merits. 

The present was a period preeminently fruitful in systematic treatises on phy- 
siology. The excellent English manual, by Dr. Kirkee, had just reached its fifth 
edition ; one, if not both, of Dr. Carpenter's larger works were out of print, and 
would, it might be expected, shortl reappear in fresh editions. On the Continent, 
Funke’s very comprehensive ‘Lehrbuch’ was ing through its fourth, \1- 
crordt’s had attained its second, and Budge’s within the present year its eighth 

on. 
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The remainder of the Address consisted of considerations, firstly, of the general 
usefulness and, secondly, of the educational value and applicability of the natural- 
history sciences. 


On the Ventilation of Barracks and other Public Buildings in India. 
Srewart Craze, Inspector-General of Prisons in the North-west Provinces. 


All the barracks recently erected in India are well supplied with means for natural 
ventilation; still, when occupied by the regulation number of men, the air duri 
night-time is very impure. It has been shown that, in a tropical climate, na 
ventilation will not proceed during certain atmospheric conditions; and however 
well any apartment may be supplied with doors, windows, &c., no movement of the 
internal air sufficient to change the atmosphere will take place. Therefore venti- 
lation by artificial means must be reso to; otherwise the inmates must suffer. 
It ia evident that, on account of the climate, the peculiar construction of suitable 
buildings renders ventilation by heat or vacuum impracticable, and therefore the 
“‘ plenum ” is the only method by which the ventilation under consideration can be 
accomplished. Fresh air forced into an apartment may not, it is true, completel 
expel the foul; but if openings for the ingress of the air be judiciousl arranged, 
the greater part of it will be got rid of by the open doors and ventilators, and what 
remains will be so completely diluted that no harm will come of inhaling it. An 
ordinary blower, 4' 9” x 2’ 6", constructed on the eccentric principle, with a revoly- 
ing fan 3' 9" x 2 5”, and worked by manual labour, will discharge (allowing even a 
broad margin for laziness on the part of the driver) 4000 cubic feet of air per minute. 
and will throw into two apartments 70 x 20’ each, through forty suitably arranged 
openings, upwards of cubic feet of air per minute, being at the rate of more 
than double the quantity (estimated at 20 cubic feet per minute) generally con- 
sidered necessary for the complete removal of putrescent matters from soldiers’ 
dormitories. A number of plates accompanying the paper exhibited the plan of a 
barrack 70'x 20’, ed with twenty beds, ventilated by forced ventilation, 
with sections and elevations of the whole apparatus, which the author had reason 
to believe was well adapted to the ventilation of soldiers’ barracks and other publie 
buildings in hot climates. The whole apparatus is of the most simple kind: it can 
be erected and kept in perfect working order by any ordinary joiner. The apparatus 
now in use at the Agra Prison was erected entirely by the prisoners. The first one 
was constructed for a corridor of sixty-eight cells, and. cost about £24 (240 rupees), 
including the cost of convict labour at the usual rates. Eight men are required to 
work each blower during twenty-four hours. Supposing the apparatus adjusted 
for two barracks, each arranged for twenty beds, so that the same blower will do 
for both, and cost at the usual contract rates £50 (500 rupees), or £1 5s. (12 
rupees 6 a.) per soldier for plant—the cost of working per mensem at 7s. (8 rupees 
8 a.) per coolie being £2 16s., or 28 rupees—the total cost per annum for each 
soldier, including wear and tear, &c., would not exceed £1, or 10 rupees. This 

i admitted to be no large outlay for the benefits of good ventilation. Such 
an outlay, calculated on the aggregate of the European force in India, would 
amount to & vory lange item; but supposing that good ventilation would prevent 
at least one-half of the frightful sickness and mortality that take place in the 
Indian army, which he believed it would do, the balance-sheet at the end of the 
year would be in favour of improved ventilation, independently of the increased 


efficiency of the soldiers and of the army generally. 


On the Ligamentous Action of the Long Muscles in Man and other Animals. 
By Dr. Crevanp. 


The author pointed out that, in the human subject, maximum flexion of the hi 
joint could not be obtained along with full extension of the knee, on account of the 
shortness of the hamstring muscles ; and so also maximum flexion of the ankle-joint, 
along with full extension of the knee, was prevented by the shortness of the gastro- 
cnemius muscle, This limitation of movements by the shortness of muscles, he said, 
was best seen in the humeral region of the horse, where it was so great that very little 
flexion or extension of the shoulder could occur without a corresponding movement 
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at the elbow; well-marked instances of similar interdependence of joints were 
to be found in other parts of the horse, and also in other animale—e. g. in the legs 
and wings of birds. He proceeded to show that movements of that description 
in the humeral region of the horse were exactly those most frequently and usefully 
employed by human beings; that the shoulder and elbow were asually flexed 
and extended together; that likewise in walking, leaping, &c., flexion and exten- 
sion of the hip, knee, and ankle went together; that in those movements the 
long muscles were not alternately contracted and extended, but kept in a state of 
medium contraction, very slightly altering their length, and were, therefore, evi- 
dently not the muscles which produced those movements. On the other hand, it was 
shown that a muscle passing over two joints, if maintaining a definite length, would 
cause another muscle passing over only one of them to act upon bo It was 

ed that, in the movements referred to, the long niuscles gave force, but not 
velocity. 


ea] 


Note on the Change of Attitude which takes place in Infants beginning to Walk. 
By Dr. Creianp. id 

This paper was illustrative of two drawings traced from a mesial section of the 
body of a newly born child. One of the drawings showed the position of the ver- 
tebral column when the head was bent forwards, and the thig flexed upon the 
body; the other its position when the body was stretched straight with the thighs 
in a line with the trunk. It was shown that the vertebral column of the newly 
born child was capable of being curved in any direction in its extent above the 
sacrum, but that the sacral concavity forwards was already formed. The limbs, 
however, could only be made to lie im a straight line with the trunk by i 
the pelvis back, so as to develope the lumbar convexity forwards of the column. 
Thus the straightening af the limba when the child begins to walk was shown to 
be effected not by mere motion of the hip-) oint, but by development of the lumbar 
convexity of the vertebral column. In the drawing of the stretched body the brim 
of the pelvis was vertical; in the other drawing it was 52° removed from being in 
a straight line with the lumbar vertebres immediately above it. 


Some Observations on the Eggs of Birds. By Joun Davy, M.D., F.RS., ge. 


The author, after pointing out certain qualities of resemblance common to the 

of different kinds of birds, such as especially the alkaline nature of the albu- 

men and the acid of the yelk, and that the two are in opposite electrical conditions, 

described the results of the experiments he had made to endeavour to ascertain in 

what respects the eggs of different species differ. Some of the canclusions which 
his results seem to warrant are the following :— 

1. As to the colour and markings of eggs, these are s0 very various, that the 
colouring-matter is of an organic kind very similar to that of leavea and flowers, 
and in depends on molecular arrangements. 

2. That the albumen in quantity tly exceeds the yelk, but in eggs of differ- 
ent species in no regular manner, w ilst n all the quantity of solid matter in the 
yelk is proportionally much larger than in the white. 

$. That the temperature at which the coagulation of the albumen takes place 
varies in almost every instance, and that the firmness of the coagulum does not 
appear to be regulated by the proportion of solid matter which the albumen yields 
on evaporation. 

4. That the coagulum of each has an aspect of its own, varying in different 
instances as to tint and degree of translucency, and in some varying in colour. 

The author, taking into consideration the many sources of error to which experi- 
ments on eggs are exposed, offers his results, and the conclusions from them, merely 
as approximations. 


Some Observations on the Blood, chiefly in relation to the question, Is Ammonia 
one of tts Normal Constituents? By Joun Davy, M.D., F.RS., ge. 
Of the many questions relating ta the blood, there are two, the author observed, 
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which have lately had much consideration :—one, as to the coagulation of that 
fluid, whether owing to the escape of ammonia? the other, whether the blood in a 
healthy state contains the volatile alkali? Referring to the first question, he stated 
his reasons for answering in the negative. The second question is, he thinks, 
more difficult to answer. The conclusions which he thinks are warranted by the 
results of varied experiments which he has made, are the following :— 

1. That they are confirmatory of the inference that the coagulation of the blood 
is not owing to the escape of ammonia. 

2. That they are favourable to the conclusion that the blood generally contains a 
minute portion of ammonia. 

3. That the ammonia which is found in the air expired in respiration, and in the 
insensible cutaneous perspiration, is derived from the blood, and 1s yielded in union 
with carbonic acid. 

4, That the proportion of the volatile alkali is greater in venous than in arterial 
blood, and in the Blood of the Batrachians and of other animals in which the aéra- 
tion of this fluid is less perfect than in birds and Mammalia of higher temperature. 


Notes on certain Parts of the Anatomy of a Young Chimpanzee. 
By Dr. Emsuzton. 


In these notes, & general description of the young male, with dimensions of the 
trunk and extremities, and of the alimentary canal, is given. The dentition, ver- 
tebres, and ribs are noticed. The muscles of the leg below the knee, and of the 
foot, are described. 

The different parta of the encephalon, and the relation of the posterior lobes of 
the cerebrum to the cerebellum, are reviewed. 

The conclusions drawn are in conformity with the deductions of Prof. Huxley, 
namely :—1. That the posterior extremity of the Chimpanzee is a foot, and not a 
hand. 2. That the posterior lobes of the cerebrum in the Chimpanzee are deve- 
loped so as fully to overlap the cerebellum, both laterally and posteriorly ; and that 

the parts of the human encephalon are represented in that of the Chimpanzee. 


On the Reciprocal Action between Plants and Gases. By R. Gannmn, F.L.S. 


In this paper the author brought forward the subject of the natural inhalations 
and exhalations of plants, and of the effects on vegetation of certain contaminations 
of the atmosphere, such as occur in coal and mining districta, consisting for the 
most part of sulphurous and hydrochloric acids and of ammonia. As regards the 
first question, he denied any power in ordinary plants to absorb watery vapour or 
water through the leaves, as exemplified by immersing the tops or leaves of droop- 
ing shoots in water, or by exposing them to a moist atmosphere. He noticed, too, 
that the avidity which water has for carbonic acid explains the facility with which 
it is taken in by the roots, or withdrawn by the juices of the leaves from the air. 
He guarded against this avidity in his experiments by covering the surface of the 
water in the bell-glasses containing his plants with a stratum of oil; and thus it 
may be clearly proved that growing plants or plucked leaves rapidly abeorb in the 
sun a large amount of carbonic acid, though an atmosphere containing one quar- 
ter or one half of the same has in a short time an unhealthy influence on them. 
With reepect to their exhalation of oxygen in the sun, he found that about 160 
square inches of the upper and lower surface of young holly-leaves gave off in a 
long summer day 1} in. of oxygen, or a holly-bush about breast high 40 in. in the 
same time. Plants, even if heaithy and growing, give off carbonic acid in the dark, 
so did the petals of plants even in sunchine, tho h in some cases no gas at all. 
Autumnal leaves appeared to absorb oxygen. With respect to the second point— 
the injurious effects of certain vapours upon plants—he observed that those men- 
tioned above appear to act as corrosives. That they all are given off in the districts 
in question is shown from the deposit of sulphur and muriate of ammonia to be 
seen upon the scoris of the mine-heaps. Phosphorus and coal-gas are lees preju- 
dicial than thoee above-mentioned; pure hydrogen, nitrogen, and the vapour of 
le still more innocuous. In fact, plants having no nervous centre are not 
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easily poisoned, except by corrosives, or by excess of stimulus to the rocte—too 
much guano for instance ; delicate plants may be watered with a solution of nvor- 
phia or of hydrocyanic acid with impunity. With respect to chemical impurities 
of the air, different plants have different susceptibilities for such influence, and the 
greater or leas impurity of the atmosphere may, indeed, be shown from the effects 
on plants. Thus the rhododendron will flourish in an air fatal to the common 
laurel ; wheat will luxuriate when a holly or oak will die. Some plants which 
appear naturally to luxuriate in the coal strata—as the oak, holly, or some ferns— 
die when the mines begin to be worked. Fortunately, ann suffer least; for 
instance, corn and wheat do well where nothing else can, and perhape the exhals- 
tions in question may even tend to ripen them. An increasing deterioration of the 
atmosphere in towns and mining districts may be estimated by means of plants 1s 
follows:—1. In the smallest degree of impurity trees are destitute of the leafy 
lichens; and Ericss, the Scotch fr, and the larch die. 2. Next, the common lav- 
rel, the Deodara cedar, the Irish arbutus, the laurestinus, and the yew die. 3. The 
araucaria, the thuja, the common cedar, the mezereon, and the Portugal laurel die. 
4. The common holly, the rhododendron, the oak, and the elm die. 6. Annuals 
still live, and the almond, poplar, and many roses thrive, fruit-trees are barren, 

unproductive, 6. Hieracia, Reseda ludea, the elder. some saxifrages and se- 

ums, with many syngenesious and cruciferous weeds still luxuriate. 


On a Parasitwal Acarus of the Anodon. By R. Gaxwmr, F.LS. 


The little Arachnoid in question inhabits the gills of the Anodon, and was fally 
described. as the Afar hora by Van Beneden. The author worked out 
ita history: the ova, deposited in the mantleof the mollusk; the larvee, with rostrum ; 
the eyes, at first four and then two in number; moulting, and till the last moult 
minus one pair of legs. The author attributes the formation of pearls par ercellence 
. to the presence of a distoma. Around these parasites, as nuclei, shelly matter is 
deposited, sometimes at first dark in colour, sometimes clear nacre from the com- 
mencement. Hence pearls may have a dark centre or not, or, if the dark deposit 
goes on, a black or purple pearl may be formed. It is sometimes imposzsible to dis- 
tinguish a distoma from an incipient pearl, except b presenres when the pearl will 
burst ; or polarized light will show the layer of y matter, or frequently the 
organization of the distoma may be seen through the nacreous covering. Bat other 
irritants may, exceptionally, the author admits, give rise to the formation of pearla 
or pearly prominences, as for instance the ova of parasites. Those of the Afar, 
when they are deposited in the external layer of the mantle of the mollusk, produce 
numerous pearly prominences to be seen upon the interior surface of the shell to- 
wards the retral extremity. 


Further Observations on the Normal Position of the Epiglottis. 
By Groner D. Gis, M.D., MA., F.GS. 


When this subject was brought before the Association last year, it was the 
generally received opinion that the epiglottis in the healthy state was always erect 
and pendicular. ts peculiar structure favoured this view. The examination 
of ealthy persons, up to the month of October 1862, has shown the authe 
that, in a certain percentage, the cartilage was im a semipendent, transvers, 
oblique, or nearly daite horizontal position. This waa during passive examination, 
independently of the act of swallowing, of phonation, or of any motion in the 
structures of the throat, and carefully observed when the tongue was protruded 
forward and held outside the mouth. Up to the present time, he had examined 
as many as 680 persons, of various ages and sex, all more or less in perfect health. 
or nearly approaching to it, and the percentage, curiously enough, remained the 
same—namely, eleven; that is, eleven persons out of every 100 individuals pe- 
sess an epiglottis whose position is not erect. This striking difference between a0 
erect and a pendent epiglottis is a question of the highest importance in everythig 
appertaining to voice and throat, whether in health or disease. The pendent con- 
dition of the epiglottis is sometimes congenital, and, when it occurs in the young, 
there is great danger to life during their passage through the diseases of child- 
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hood, especially those likely to involve the throat. As vaccinetion in the y 
18 & preventive or modifier of emall-pox, so may the knowlege of the condition of 
the epiglottis act as a safeguard in the treatment of diseases of the throat, more 
particularly in such terrible affections as croup, diphtheria, and the different forms 
of cedema of the laryax from scarlet fever or other disease. 


On Voluntary Olosure of the Glottis, independently of the Act of Breathing. 
By Gzorex D. Gis, M.D., M_A., GS. 


Voluntary control over the muscles of the larynx has been surmised, but never 
proved. In certain individuals, however, complete voluntary power is possessed 
over the laryngeal muscles ; and this was discovered in the course of some experi- 
ments performed by the author upon his own larynx with the aid of the laryngo- 
scope. They showed that the action of the posterior crico-arytenoid and the 
thyro-arytenoid muscles could be excited at pleasure by the will, without phona- 
tion and independently of the act of respiration; that is to say, breathing was 
interrupted for a few moments, and muscular action induced, the resulting ap- 
pearances being seen in the laryngeal mirror. 

It is considered to be more than probable, nay, almost certain, by some of our 
best physiologists, that all the muscles of the are in a state of action during 
phonation; and through the ‘general harmony and sympathy which exists every- 
where amongst groups of muscles associated. for one common purpose, it is assumed 
with perfect correctness that their states of action and relaxation are adjusted in 
such nicely balanced proportions as to produce the effect required by an education 
and practice of which the will is scarcely cognizant. .4 priors, therefore, if volun- 
tary power is possessed over one set of muscles, it must be equally so in neigh- 
bouring groups, because of this harmony and sympathy existing among auch 
muscles as those of the larynx in phonation. 

Whilst one group is therefore seen to act through voluntary power, it is but 
reasonable to assume that other groups are simultaneously influenced by the same 
agency ; and this can be proved to be correct. 

In the author's larynx, if he deeply iepires and forcibly or strongly draws in 
the air, the glottis is seen widely open, the thyro-arytencid muscles and vocal 
cords are drawn laterally outwards, and under favourable circumstances the traches 
ean be seen throughout its entire length, permitting of a view of its bifurcation and 
commencement of the bronchial tubes. This act is accomplished during breathing 

the action of the posterior cri oid muscles. 

If, on the other hand, the breathing is arrested fer a few momenta, and the 
action of the littl muscles excited by the will, there is seen a remarkable phano- 
menon, which consists in the opening and shutting of the glottis with extreme 
rapidity, m the same mazmer as the biades of a pair of scissors. 

e glottis may be retained of a trianguler shape, perfectly motionless, or kept 
quite shut, the edges remaining in contact, at pleasure. So complete is the can- 
trol over the laryngeal muscles in the author, that the balance of contraction and 
relaxation of the fibres may be so accurately regulated as to retain the glottis of 
any form, size, or width, at will, for some seconds, without an inspiration. - 

hen the lips of the glottis are in contact, and so retained, the pressure is such, 
during the muscular contraction, that the fibres of the aryteno-epiglottic or Hil- 
ton’s muscle are set in action, and the epiglottis is drawn downwards, and to some 
extent conceals the glottis. This last # enomenon further proves the voluntary 
power over a set of fibres which were considered as the least likely to be 
under the control of the will, for their action was called oottie an or convulsive, 


which permitted of the rapid passage ef the food over the and its precipita- 
tion into the cosophagus. 
According +o Bishop, the posterior crico-arytencid muscles alone open the 


glottis, while sll the rest close it. As the reflection of the voluntary action of the 
thyro-arytenoid museles can be seen, of necessity the oid and lateral crico- 

oid act ‘at the same moment, and as their fibres , those of the posterior 
crico-arytenoid contract, and thus the glottis is opened and shut by the will, 
during the alternate and simultaneous action of these muscles whilst pe Patton 
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is temporarily suspended. For the moment the author hazarded the opinion that 
the voluntary muscular power begins in the crico-thyroid muscles in approximating 
the two cartilages and rotating the cricoid on the thyroid, thus forming a pow 
a } for the continuance of muscular action in the other laryngeal muaciez, 
although the crico-thyroid exert at the same time their own influence on the 
tension of the vocal cords when they depreas and draw forward the thyroid and 
raise and tilt backwards the cricoid cartilage, at the same time rotating the one 
i upon the other. 

The author’s experiments he considered conclusively settled the question that 
in some persons, and probably in all if attempts were made, true voluntary power 
is over the museles of the larynx, and to such an extent that the glottis 
may be closed with a distinctly audible Aspping noise, chiefly by the powerful ani 
rapid contraction of the thyro-arytenoid muscles and their coordinate assistants, 
but especially the crico-thyroid, which, equally with the thyro-arytenoid, regulate 
the tension, position, and vibrating length of the vocal cords. 


On the Renal Organ (the so-called Water System) in the Nudibranchiate 
Mollusks. By A. Hancock. 


On the Physiological Effect produced by Apparatus contrived for the purpose of 
causing a Vacuum upon the entire Body, or a part thereof. By Dr. Junon. 


How to Restore Drowned Persons, Patients in Chloroform Accidents, Gc. By 
CHagtes Kipp, M.D., Member of the Royal College of Surgeons, England, 
Associate of the Surgical Society, Ireland. 

Since the previous Meeting of the Association, one very remarkable instance of 
accident from inhalation of chloroform vapour had come under the personal notice 
of the author, which he was desirous to ring before the Section. It has beens 
sort of experimentuam crucis to prove the tru certain views recently promul- 
gated by him (as our volumes of ‘ Transactions’ will testify), which it is not ne- 
cessary here again to state in detail. Jt has been a sort of SRERLAIN CIUCIS 
performed in a case of suspended animation in an hospital patient from chloro- 

orm, where certain manipulations, which have proved effectual in hundreds of 
experiments on the lower animals, poisoned on purpose by chloroform, have also 
proved unexpectedly valuable in sa human life in this instance. 

In these previous papers (it may be shortly stated) the author showed that 
from a large number of experiments on animals with anssthetic vapours, espe- 
cially by contrasting the effects of ether, chloroform, carbonic acid, carbonic 
oxide, &c., while the two latter disorganized the blood, and ether produced s kind 
of deep intoxication like alcohol, the effect of chloroform (while less persiste nt) 
was that of a more useful angsthetic for general purposes. It was shown that 
chloroform did not act very materially on the blood, or cause intoxication; and, 
moreover, that where deaths unhappily occurred from chloroform, the accident 
was not necessarily due, as previously taught in the schools, to deep narcotism of 
paralysis of the heart’s action (“ cardiac syncope”), but rather to narcotism of 
paralysis of the voluntary respiratory nerves and muscles, which, in a secondary 
manner (but only in an incidental and not important manner), induced, as a post- 
mortem result, this so-called state of cardiac syncope. 

The author also explained, at considerable detail, the nature and probable 
proportion of accidents from this cardiac syncope, or, as he now prefers calling it, 
APNGA or muscular apnoea, as also the probable proportion or percentage of scci- 
dents that happened (perhaps as coincidences) during a state of simple syNcoPE; 
the modus operand: of these proximate or immediate causes being different, as also 
the plan of resuscitation adapted to apnoea or to syncope being different, founded 
on this mode of operation of these causes. 

It was explained at some length, that the present discovery of the true nature 
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of chloroform accidents is of singular importance, as it bears in a marked manner 
on the entire physiology of apnea, viz. the apnosa and treatment of persons drowned, 
the resuscitation of still-born children, the recovery to life of patients suffocated in 
coal-mines, or individuals dug in a state of apncea out of the ruins of tumbled-down 
houses, or even the restoration to life of persons “found dead” in bed at night 
from the effects of an overloaded stomach (from indigestion) pressing on the dia~ 
phragm, but oftener ascribed to a mythical disease, ‘ fatty heart.” 

Reasoning deeply on various groups of facta, partly practical in hospitals, y 
patholo rP y experimental on animals, as seen in the dead-house part ont 
pirical from observations now of some ten thousand administrations of these agenta, 
the author leans to the belief that, under chloroform or ether, the heart is never 
attacked by the sudden paralysis which popular fancy as also some writers have 
sought to convey by the words cardiac syncope : we have had an erroneous or wrong 
interpretation of the facts. 

He contends, as 8 matter of reasoning, that if in one hundred experiments on 
dogs, rabbits, &c., poisoned by chloroform, the most marked or only marked post- 
mortem appearances be gorging of the right cavities of the heart, if in the human 
subject the same condition of the pulmonic or right heart be found, as it is, 
the previous statistical or bare induction from the facts that this gorging of the 
heart is the result of paralysis from chloroform (cardiac syncope), and the imme- 
diate cause of death, is not true, as there has been an anterior condition more im- 

rtant overlooked, viz. that this gorging of the right heart is merely the result of 
tapnoss or) the lungs not receiving the blood from the heart thus vainly striving 
to push it forward ; it is the function of the lungs and diaphragm, in a word, that 
is at fault, and what has been overlooked by mere experimenters of a vivisectional 
kind on animals; that, in hospital, the patients under chloroform usually struggle 
very violently, as if suffocating; and also when alarm of accidents arises, the pa- 
tient’s limbs are actively rubbed in the course of the veins, all which tends power- 
fully to engorge or fill the right side of the heart: the heart, in fine, strives ac- 
tively to push forward this blood; but the lungs are in a state of paralysis, and do 
not receive it. 

Electricity to the heart is useless in all these cases; but electricity to the dia~ 
phr: an respiratory muscles, as causing full artificial respiration, unloading 
the lungs and heart-cavities, &c., acta like magic. To support his view, other 
logical deductions were quoted by the author. It is against the analogy of the 
action of chloroform, so peculiarly confined to muscles of the voluntary kind, that it 
should act on the heart, It is contrary to all clinical observation of the pulse and 
action of the heart in thousands of hospital cases deeply narcotized, the pulse 
being almost always increased in volume and strength, even so much so that 
some good observers can see no explanation of the deaths but by over-stimulation 
and over-action which induce this gorging of its cavities: the heart, in experi- 
ments under chloroform, is, in fact, ulésmum mortens. in, it often occurs that 
the pulse, before taking chloroform, may, in patients, almost imperceptible 
and very slow, with a heart equally feeble, but both improve in force and number 
of beats as the narcotism of the chloroform becomes more and more advanced : 
even Dr. Snow describes the pulse as thus usually increased in force by chloro- 
form—a paradox he admits he cannot explain. Again, the deaths from chloroform 
do not usually occur from or in deep narcotism or coma, but generally in the stage 
of excitement or half-narcotism, and want of proper relation of the capacity of 
the lung (diminished perhaps) to the supply of blood in excess crowded into or 
engorging the large veins and right auricle and ventricle: a form of tetanic rigi- 
dity, with spasm of the glottis, explains the condition. 

omparing thus one group of facts with another group, the best form of deduc- 
tive reasoning, the error in the earlier hasty generalization is corrected; and when 
we remember that there have been now nearly 200 deaths in surgical operations from 
this mistake or generalization, ite correction becomes a matter of grave importance. 
The remedy which promises such good effects, which was used in the case of the 
poor lady dead from chloroform, the subject of the present communication (and has 
since been referred to in the leading medical journals in three other instances of 
apnoea from chloroform accident or drowning, with the same admirable good re- 
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sulta), is the “Faradization” form of electzicity, (not applied to the heart, but) 
solely to or through the respiratory muscles, diap P ie nerve, &c., #0 a 
to assist or originate, ap tly, the only true form of artificial respiration to 
desirable. This form of electricity cures hemiplegia, by renewing the vital activity 
of muscles paralyzed for a time by a clot in in; but the ordinary electricity 
is directed along the nerve to the brain, already disordered, and does mis- 
chief, and near the eye, for instance, may cause total blindness. So that, where 
we have already the brain under chloroform, the “ Faradization ” plan acts better 
by stimulating merely the diap and other respiratory muscles; the mode 
application found best in animals being an intermittent but gentle currat 
through the phrenic nerve (where the omohyoid muscle ts the neck lies 
at the outer edge of the sterno-mastoid) by means of the wetted sponge (not the 
dry sponge),—the other pole or sponge also, as in this lady's case, wetted, applied 
somewhere about the floating ribs nearest to the diaphragm, or, still better, one or 
two acupuncture needles stuck at once into the latter muscle, so as to excite alter- 
nate action of the current from the neck to the respiratory muscles, and imitate 
normal respiration. In animals, this plan succeeds in a manner almost marvellous 
in restoring life where suspended animation exists. 
The patient, in the present case, was a poor married lady, otherwise in fair 
health, admitted to one of our private hospitals or “homes,” who was opersied 
on by one of the plastic operations on the female organs, so successful of late, 
thanks, too, in a great measure, to the calming influence of chloroform. Near 
the end of the operation, the author (Dr. Kidd), who watched the respiration and 
pulse all through its performance, was alarmed by both stopping, then going on 
again, but finall stopping, with all the usual signs of dea by chloroform ; the 
woman, in fact, lay in a state that it might be said death had obviously set in: 
she was cold, pulseless, without motion or breathing, her face like stone. The 
utmost alarm was instantly felt. The so-called “ready method ” of Marshall Hall, 
as also the Silvester method of artificial respiration, were persistently had recourse 
to; still there was no pulse, no breathing, no animation. The lifeless or all but 
lifeless body, in a word, lay, as many of the animals poisoned by chloroform are 
seen to lie, till roused up by electricity. The author of the paper sent at once 
for the magneto-electric battery. Some confusion arose at first in its appli 
cation, as hs e handles a poles were not insulated, ing the author i es 
receiving the shocks, till a German physician, standi appi t th 
metallic handies with his coat-tails ¥ non-comductors). This Has incident 1s 
mentioned to show how totally unprepared for such accidents our London hos- 
pitals are. All the persons standing by, too, were erroneously solicitous that the 
electricity should be applied at once to the heart; but the directions of the 
author were not to the heart at all, but to the phrenic nerve and diaphragm, % 
already described. The poor patient had now been lying some quarter of an hour 
pulseless, cold, and without breath, indeed pronoun “dead.”’ Off and oa, 
alternately, the moist poles were now applied about twelve times each minute, #0 
as to imitate in somewise the stimulus of ordinary contractions of the diapbregm; 
and soon, to the delight of the operator and all around, a deep sighing inspiration 
‘was noticed at each of the circle (this was a great relief ), increasing in full- 
ness till it was evident good reepiration was established. No pulse, however, was 
yet perceptible, and cardiac action was still watched for with much eagerness. Mi- 
nutes on minutes passed away as hours: the patient moaned at the excitement of 
the phrenic and a pin stuck into the diaphragm (the author’s scarf-pin, as no other 
was to be had); but still it was thought desirable to continue the application of 
the electricity: there was soon a flicker of the pulse, but not till the expiration of 
two hours was the pulse quite reestablished. It is worth being added, that the 
woman quite recovered, and had no recollection whatever of the four hours ber 
life was In the balance and under the surgical operation. The case, a8 
stated, is chiefly remarkable as fully bearing out the effi of this form of elec 
tricity, and applied only in this manner, as previously tried in hundreds of expen- 
ments on the lower animals. It has now been tried in four cases on the human 
subject. It places a serious responsibility on our London and other hospitals where 
the author's views have not yet been examined, and where deaths are occurring 
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very often; nor is it the least valuable portion of the present researcheg that they 
seem applicable to all forms of apnoea, whether from drowning, or chloroform, or 
suffocation in coal-mines, or resuscitation of still-born children, &c.—all forms of 
stoppage of heart, indirectly arising from want of artificial or natural respiration. 
The discovery may not appear so valuable or new to some who have not studied 
the subject, ut it is eminently both one and the other, when taken in conjunc- 
tion with the fact, only half known in the schools, that the “cardiac syncope ” of the 
standard books does not begin at all in the heart, but (as the author’s researches 
in previous volumes of ‘Transactions’ testify) in the lungs, and prabably by a 
form of tetanic rigidity of the respiratory muscles. 


On the Investigation of Instinctive Actions, By Dr. W. Murray. 


The conclusion arrived at by the author was, that the instinctive movements of 
animals, and their nervous or speychical constitution, did not differ from those of 
man in kind, but in degree. Movements are classed by him under two heads :— 
Ist. The simple, of which the volitional, emotional, and the reflex are varieties, 
2nd. The compound, made up of two or more of the former. In man the volitional 
movements, as representing reason and experience, are immensely superior to the 
others. As we descend in the scale, we find emotion as the originator of the 
purely instinctive movements become more prominent. Lower still in the scal 
we find all the movements necessary to the life of the animal left to the care and 
control of reflex action. The author concluded that the amount of intelligence 

ased by animals may be estimated by the extent to which the volitional con- 
trols the emotional and reflex movements, inasmuch as volition is the representative 
of reason. 


On the Practicability of Arresting the Development of Epidemic Diseases by the 
Internal Use of Anti-Zymotic Agents. By Dr. G. Rosrnson. 

The author commenced by referring to the circumstance of the analogy between 
many of the phenomena of zymotic diseases and the ordinary process of fermenta- 
tion having Fee perceived and recognized by Hippocrates and the oldest writers 
on medicine. Their idea was, that a poisonous ferment, existing in the atmosphere, 
entered the mass of blood, and induced in it a series of changes, which gave rise 
to the excessive heat and other peculiarities of that class of diseases. At the pre- 
sent time, this doctrine, modified by the discoveries of Liebig and other chemists, . 
has been adopted by most physicians, and forms the basis of the classification of 
diseases framed by Dr. Farr, and used by the Registrar-General. It thus supposes 
living germs to exist in the atmosphere, which, when introduced into the body, 

ive rise to a specific and regular series of morbid actions, pursuing a definite course 
in a definite time, as in emall-pox—those germs bein eveloped and multiplied, 
and producing others capable of reproducing in other bodies the same succession 
of changes. Other pathologista have supposed that the atmospheric poison acts on 
the blood chemically, by giving rise to what may be termed catalytic actions; while 
the author is disposed to believe, from what he saw during the cholera epidemic in 
Newcastle, in 1853, that some of these volatile organic matters in the atmosphere 
are capable of acting on the animal body as direct poisons, and that this inanimate 
volatile matter also furnishes nutrition to the organic germs suspended in the air. 
After these preliminary remarks, he proceeded to refer briefly to a number of scat- 
tered facts, which seemed to him to indicate the existence of a great principle, which 
might hereafter be found applicable to the prevention or mitigation of epidemic 
diseases, by the direct use of substances capable of arresting the process of morbific 
fermentation. He mentioned the following facte as converging to this conclusion : 
—1. Antiseptic substances, ranging from simple innocuous matters, such as sugar, 
up to the powerful metallic poisons, such as corrosive sublimate, and forming 
@ very numerous and diversified group, have been long known to be capable of 
arresting the putrefaction of animal and vegetable structures. 2. The same sub- 
stances prevent the formation of fungi, as is seen in the use of solutions of metallic 
salts in taxidermy, in the prevention of dry-rot, &c. 8. Many of those agents are 


120 REPORT—1863. 


also known to arrest at once the process of fermentation—as, for mstance, sul- 
phurous acid; and Erni and other chemists have observed under the microscope the 


rapid stoppage of the vitality of the yeast-plant when a solution of arsenious acid 
was added to the fermenting liquor. 4 The formation of the in and on 
the plant, which causes the vine disease, is prevented by applymg sulphur 
to the affected vines. 5. In Cornwall, it is believed that the arsenical fames 
from the tin. calcining furnaces exercised an influence over the potato ts 
in the neighbourhood, which preserved them from the disease then i 
other parts of the same county. [A statement to this effect, signed by Capt. 
Charles Thomas, sen., of Dolcoath, and sixteen cottagers, was here reali 
6. It has been found that when a species of fermentation has taken place in the 
human stomach, resulting in the development in large quantities of a minute orgs- 
nism (the Sarcina ventriculi), this morbid action can be controlled and stopped by 
the direct anti-zymotic influence of certain salts, such as sulphite of soda, m doses 
perfectly compatible with the patient’s safety. 7. In different parts of the warld, 
among different races, a belief has long existed that certain antiseptic substances, 
of which arsenic may be taken as the type, are capable of acting as ahtidotes or 
preservative and curative agencies against atmospheric and other poisons ; and in 
some cases that popular belief has proved to be well founded. The experience of 
the multitude discovered the value of arsenic as a cure for ague long before it was 
recognized as such by physicians. The arsenical fumes of certain works in Carn- 
wall were stated by the late Dr. Paris to have stopped the ague, previously endemic 
there. More recently it has been stated, that the arsenic-eaters of Syria are pecu- 
liarly exempt from fevers and other epidemic diseases ; and in India the natives 
have long used arsenic as an antidote to the poison of snakes. Dr. Robinson con- 
cluded by expressing a belief that these scattered observations were not only suffi- 
cient to justify and necessitate further inquiries in this direction, but seemed in 
themselves to shadow forth the outline of a great law, which might at some future 
time be productive of immense benefit to mankind. 


On the Nature and Varieties of Organic Effluvia. By Dr. G. Ronrxsox. 


Were any proof wanting of the intimate and necessary connexion between nate- 
ral philosophy, chemistry, and natural history, on the one hand, and physiology 
and pathology on the other, it would be supp ied by the gradual progress of our 
knowledge of the abnormal constituents of the atmosphere. As the natural sciences 
have advanced, many of those noxious influences which were formerly ascribed to 
supernatural causes, or to the scarcely lesa mysterious agencies of stars, comets, and 
volcanos, have, even in the present imperfect state of medical science, been traced 
to the operation of the ordinary laws of nature; and there is strong reason to hope 
and believe that with the advance of science the composition and relations of many 
of those subtle aérial poisons which sometimes periodically, sometimes permanently, 
desolate various regions of the earth will be ascertained, and their injurious effects 
st least in some degree mitigated or prevented. But for this great object to be 
even partially attained, the cultivators of the natural sciences must be t into 
closer relation with physiologists and pathologists ; they must, even for the advance- 
ment of their own favourite departments of knowledge, be willing both to receive 
and impart instruction, and so cooperate in the work of elucidating the laws of life 
with those men whoee special duties compel them to observe, as closely as human 
powers extend, the structure and functions of the highest of all animal organi 
tions. Even now, the necessity for further advances in the application of natural 
R ilosophy and chemistry to the explanation of the phenomena of life is painfull 
elt by every student of the healthy and diseased actions of the human body ; and 
there are hosts of questions, all bearing most powerfully and directly on the health 
and happiness of mankind, which can only be solved by continued progress in the 
direction indicated. I make these preliminary remarks in no depreciatory spirit, 
and with a full sense of the enormous advances recently made in the devel ment 
of the physical sciences; but I do feel that the highest, and noblest, most 
useful study that can engage the human intellect—the study of man himself— 
not in this country received a proper share of attention, while I am at the 
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same time convinced that its cultivation would in turn accelerate the progress 
of general science. A very little reflection will suffice to demonstrate that, under 
the general term “organic effluvia,” several entirely distinct substances have been 
confounded; and as it is impossible to entertain any clear ideas of their action 
as causes of disease, without greater precision in this respect, I am induced to 
direct attention to the subject. The importance of a clearer classification will 
be manifest when we consider that our arguments and inquiries respecting epi- 
demic diseases must be materially influenced by the views prevalent as to the 
composition, properties, and affinities of those peculiar matters present in the 
atmosphere, which form the basis of such pathological and hygienic researches. 
In the present state of our knowledge, I am inclined to think that all those 
abnormal constituents of the atmosphere which are recognized under the gene- 
ral term “organic effluvia” may be resolved into four principal groups, viz. :— 
1. Gases and the vapours of volatile chemical compounds formed during the de- 
composition of organic matter. 2. Odoriferous particles sus generis. 8. Volatile 
organic matters not endowed with vitality. 4. Living germs. 1. In the first 
group I would place not only the binary gaseous compounds evolved, for instance, 
uring putrefaction, such as the compounds of hydrogen with sulphur, phosphorus, 
carbon, &c., but also ammonia and its curious combinations with sulphur and phos- 
phorus, described by Dr. Crace Calvert as formed during the decomposition of 
animal matter. 2. The natural philosophy of odours is so little known that no 
excuse need be offered for placing in a separate group the volatile particles capable 
of being detected by the sense of smell, but not demonstrably related to any known 
gases or vapours. 38. The third class of organic effluvia is one to which I attach 
great importance from the belief that not only are those volatile organic matters 
often, perhaps generally, poisonous in themselves, but that they are also injurious to 
an incalculable extent by sheltering, nourishing, and so propagating the noxious 
germs liable at all times to be suspended in the atmosphere. And if it can be demon- 
strated that volatile organic matter is present, under certain circumstances, in the 
air surrounding us, there is no more difficulty in believing it capable of nourishing 
and contributing to the growth and development of contiguous germs, than in 
supposing the animalcules present in water to derive their chief support from the 
animal and vegetable matters dissolved or suspended in it. That organic matter is 
present in the atmosphere might at once be inferred from the varied odours pro- 
ceeding from plante and animals, and from the injurious effects exercised on 
living animals by exposure for a dength of time to accumulations of such effluvia. 
But modern chemistry has converted this probability into a certainty. Vauquelin, 
on analyzing the liquid obtained by the decomposition of marsh deios, found in the 
residue an organic substance which blackened or charred on exposure to heat. 
Zimmerman has described, under the name of “ pyrrhine,” volatile organic matter 
universally present in rain and snow-water. And more recently Dr. Smith 
has even determined the relative quantity of the organic constituents of the atmo- 
sphere present under different circumstances. This point may, therefore, be con- 
sidered as definitely settled. 4. The existence of living germs in the atmosphere 
is proved by the phenomena of what has been erroneously called “ Equivocal 
Generation,” such as the appearance of fungi on animal and vegetable substances 
secluded from everything but the atmosphere, air, &c. The possible dependence 
of epidemic diseases on the entrance into the blood circulating within the human 
y of some varieties of these organic germs is favoured by many analogies and 

by some direct evidence. For instance, Dr. Robert Dundas Thompson, who examined 
e air contained in the cholera-wards of St. Thomas’s Hospital during the epidemic 
of 1854, states “that in the atmosphere of a cholera-ward mechanical matters were 
diffused throughout the air, derived from the inmates; that sporules of fungi, and 
germs of vibriones, or vibriones themselves, were obtained by filtration from the 
atmosphere.” In leaving this subject for the present, it may be well to observe, 
that whatever classification of these volatile invisible Rerticles emanating from 
living or dead animal and vegetable matter may eventually be adopted, they are 
doubtless so mixed together as to render their separation in any definite quantity 
of air very difficult, if at all practicable. For instance, in the effluvia proceeding 


rd 
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from a case of small-pox it could be demonstrated that all the above-described 
varieties are present, And, in fact, there is every reason to believe that the atmo- 
sphere is even more compound than the ocean, containing innumerable substances 

ved or suspended in it, and being constantly affected by and reacting on the 
yaass of living organisms with which it is brought in contact. 


On the Condition of the Uterus after Delivery in certain of the Mammaka. 
By Professor Rotiestor, M.D., M.A., FRS. 

The author gave descriptions of the uteri of the common Rat (Mus deceenanus), 
of the Tenrec (Centites ecaudatus), and of the human subject, in each case giving 
the appearances seen immediately after or at the period of ition. He 
described, also, and figured the uterine walls and the foetal membranes of a Pig- 
tailed Monkey (Macacus nemestrinus), which had died a short time after partu- 
rition. Special reference was made to Dr. Matthew Duncan’s paper in the last 
volume of the ‘Obstetrical Society’s Transactions,’ and to M. Robin’s paper in the 
‘Mémoires de l’Académie Impériale de Médecine de Paris’ (tome xxv. 1561). 
These authors had shown that, in the human subject, one part, and that much the 
larger part, of the so-called “ decidua scrotina ” was really not deciduous at all; and 
M. Cazeau (‘ Traité des Accoughements,’ p. 500) had stated it as his belief that the 
non-deciduous scrotina was often mistaken in practice for a morbidly adherent 
placenta. In theory it had often been mistaken for a mass of denuded muscular 
coat, being, as it was, made up of smooth and glistening strata of membrane, which 
it was necessary to examine with the microscope to be assured that it was not the 
muscular but a modified mucous coat. The non-deciduous acrotina in the Rat did 
not form, as in the human subject, an elevated area, but a hernial protrusion out of 
the uterine cavity into the mesometrium. This had been mistaken for a develop- 
ing ovum. M. Kobin’s phrase, in describing the way in which the utero“ placental 
area and the lamin of non-deciduous scrotina were restored to the condition of 
the rest of the uterine mucous surface (“le tissu de la muqueuse s'est régénéré au- 
devant d’eux.”’), was shown to apply to the process of restoration in the homologous 
area and tissues in several of the lower animals; and it was suggested that the 

rocess of reparation of extensive superficial wounds bore a considerable resem- 

lance to the more purely physiological phenomenon under consideration. M. 
Coste’s plate (‘ Histoire du Développement,’ 1. a, fig. 3), however, showed for what 
a long period the utero-placental area might retain characters more or less different 
from those of the rest of the mucous membrane of the cavity. In this point, the 
Rodent and Insectivore contrasted forcibly with the human subject. The deci- 
duous scrotina it was not always easy to separate away from the after-birth, at 
least so as to preserve it in the form and dimensions it had normally in the human 
subject previously to parturition. In the Monkey it was more coherent and con- 
sistent, and was so figured by the author, as well as by Breschet in the ‘ Mémoires 
de l'Institut’ Gix.), in a paper less known than it deserved to be. In the lower 
Mammalian orders, the Insectivora, Rodentia, and Carnivora, the deciduous acrotina 
was thicker, more pulpy, and less condensed than the homologous structure in the 
Quadrumana and in the human subject. The Cetacea, the Pach ta (re- 
sembling them in so many points), and the Ruminants had no deciduous scrotina 
This structure was saucer-shaped in the Rat, and mig t be found in the stomach 
of the mother rat after parturition, together with the after-birth, which these 
animals, as well as many others below the apes, devoured. It was bilobed, but 
the two lobes were continuous centrally, though constricted, in the Rabbit; the 
decidua scrotina, in fact, clamped the bilobed after-birth together. The same was 
the case with the Hare; but the two lobes of the after-birth iteelf were here con- 
nected by an isthmus of their own proper tissue, as well as by the decidua acrotina. 
The decidua was but a thin wafer in the Tenrec at full time: in a Hedgehog, at an 
early period, it was tumbler-shaped,—the bottom of the tumbler being supposed 
to be convex, and the rim to converge somewhat. 
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On Iafe in the Atmosphere, By J. SawveErsor. 

No subject in natural history, except the allied one, the origin of species, had of 
late excited greater interest in the scientific world than the origin of the lowest 
types of living beings on the globe; and although the problem was far from being 
solved, yet the investigations that had accompanied the discussion had already 
served the useful purpose of throwing new light on the anatomy and life-history 
of the mysterious little forms of which it treated. It was rather with the latter 
object, than in the expectation of being able to assist in the solution of the general 
question, that the author ventured to lay before the Association the results of in- 
‘vestigations recently made. He had, for example, taken rags imported from various 
countries, and shaken the dust from them into distilled water, which he then exposed 
to the atmosphere; and after describing generally the character of the living forms 
he had discovered in this pure water, he stated in detail the forms of life found in 
each kind of dust, and among these were some new species of Rhizopoda and 
Infusoria, and an interesting ciliated worm-shaped form, originally a Vibrio, but 
which grew in dimensions until it assumed the appearance of a collection of the 
larvs of some other Infusoria. The general result of the microscopical examina- 
tion of these fluids between the 27th of July and 165th of August was as follows :— 
In the dust of Egypt, J apan, Melbourne, and Trieste, life was the most abundant, 
and the development of the different forms was rapid. He also described the infu- 
sorial forms found in pure distilled water after a few days’ exposure to the atmo- 

here. In conclusion, he observed that if he was correct in supposing the germs 

the living forms that he had described to be present in the dust conveyed by the 
atmosphere, and in distilled water, it was worthy of notice that these retain 
vitality for a long period, of which he could not pretend to define the limit. In his 
experiments they outlived the heat of a tropic sun, and the dryness of a warm 
room during the whole of the winter; but in Dr. Pouchet’s case they retained their 
life 2000 years, for he obtained his from the interior of the pyramids of Eeyrt, 
and they survived an ordeal of 400° of heat. A main purpose which the author 
in view was to disprove the theory of spontaneous generation ; and he suggested 
whether the great rapidity with which these germs are multiplied might not account 
for the s of epidemic diseases. He did not profess to have any acquaintance 
with such diseases ; but might it not be desirable to subject the atmosphere of hos- 
pitals to the microscopic test P 


On the Dietary of the Lancashire Operatives. By Dr. E. Surrs, F.RS, 

Dr. Smith explained at some length an inquiry into the dietary of the Lanea- 
shire operatives made by him for the Government, with a view to show the 
minimum allowance of food to maintain health, and the most economical mode of 
expending the amount. The Report had just been published in the Fifth Report 
of the Medical Officer of the Privy Council, and in the paper he showed—let, the 
amount and cost of nutriment which those populations obtained in times of plenty 
and scarcity, contrasting the amount in the same person under the two conditions ; 
2nd, the amount which should be allowed for food is 2s, 3d. to women, and 
2s. 6d. to men, weekly; Srd, the formule for soups and other foods distributed to 
these classes; and 4th, numerous formuls by Dr. Smith to show how 
much nutriment could be obtained from ordinary foods for the sum allowed. 


On the Dietaries of the Labouring Classes. By Dr. E. Surru, F.R.S. 


In this paper Dr. Smith pointed out the value of various foods in relation to their 
cost and nutritive elements, and particularly the extreme value of bread, skimmed 
milk, and butter-milk in the dietary of the poorer classes. The carbon and nitrogen 
in the nutritive elements were alone selected, and the price of the foods was such 
as applied to the ter part of the country. The following table contains some 
of the resulta at which he arrived :— 
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TaBLE showing the quantity of Carbon and Nitrogen contained in 1d. worth of 
various foods at the prices annexed, and also the variation from the penn 
of various foods to supply as much Carbon and Nitrogen as are contained in one 
pennyworth of bread (the standard quantity). 


New-milk cheese .... 


d. grains. a. a. 
13 per Ib. 1450 66 . .. 
2 1830 | 60 | 1-09 11 
1, 2500 | 98 58 7 
2 sy 1380 35 105 1:88 
4, 1513 | 75 | 957 88 
1 , 2800 121 51 545 
4 ” | 1820 | 170 7 388 | 
i" 1540 49 04 134 |! 
Lene eeeeeees 1 , ' 770 241 | 1:88 2-60 | 
Green vegetables .... + 5» | 1640 56 “88 1-18 
Green vegetables .... +, 820 28 1-76 236 | 
Butter ...........05. 12 , 327 .. | 448 .  ! 
RS 8 ” 501 45 
Dripping...........-. ) 
Suet 7 651 2-29 | 
Sugar .............. 4} ,, 622 2-34 
Treacle ............ 8 oy 746 104 
see c eee ar eeess 7 y 320 4°53 
Mutton ............ 7 yy 415 20 8-49 3:3 
Pork .....-.ceee0e, 7 5 483 18 30 
Liver ........-.005. 3, 410 70 3-53 
Bones ........-.05.. 5, 1566 48 "92 1-46 
Dried English bacon . . at 510 12 2°84 55 
Green American bacon 4t ,, 918 17 1:58 3-88 
Dried herrings ...... 2 each 352 54 4:1 123 |! 
Fresh herrings ...... 4 5 480 72 30 91 
New milk .......... 1 per pint. 546 44 2-66 15 
New milk ..... .... 2 5 273 5:32 30 
Skimmed milk ...... + ,, 1748 147 "82 38 
Skimmed milk ...... + , 873 87 1-64 76 | 
Skimmed milk ...... a 437 44 | 3-28 152 | 
Butter-milk ........ +» 2514 262 576 25 
Butter-milk ........ 4 » 838 88 1°15 “75 
| Whey .............. - = . - = 
Skimmed-milk cheese ” 782 122 198 "54 


On Cranial Deformities, more especially on the Scaphocephalic Skull. 
By WiiraM Turner, M.B., F.RS.E. 

The author commenced by stating that deformities of the skull might be occa- 
sioned by artificial means, by pathological changes, by posthumous changes, and 
developmental irregularities and deficiencies. He in a great measure restri 
himeelf in his paper to a consideration of the effects produced on cranial form by 
developmental irregularities and variations in the mode of ossific formation, more 
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especially by premature or retarded union of the cranial bones along their sutural 
lines and at their synchondroses. He arranged the sutures connecting the bones 
of the skull-cap into a vertical transverse group, a median longitudinal, and two 
lateral longitudinal groups; and ing with Professor Virchow, of Berlin, he 
stated that should a premature ossification take place in one, or more than one, of 
the whole, or a part, of a line of sutures, then the growth of the skull correspond- 
ing to, and in a direction perpendicular to, the line of synostosis will occur, and 
diminished length, or breadth, or height, as the case may be, will be occasioned. 
He illustrated this proposition by describing a peculiarly elongated and laterally 
compressed form of skull, to which, along with Professor Von , of St. Peters- 
burg, he applied the name scaphocephalus. Four as yet undescribed examples 
of thi peculvar boat-shaped skull had come under his notice.. The whole of these 
crania were characterized by possessing the following characters :—absence of a 
sagittal suture, and consequent blending of the two parietal bones; absence of 
ietal eminences ; lateral compreasion ; great elongation. He then discussed at 
Tength the two theories which had been advanced to account for the production of 
such a form of skull; and concluded that the balance of evidence was in favour 
of the theory that it originated from a premature union of the sagittal margins of 
the two parietal bones, and consequent compensatory growth of the skull in the 
antero-posterior direction, rather than from the development of the bi-parietal bone 
from a single median vertical centre. The author then directed attention to the 
importance of attending to the above proposition in ethnological inquiry, more 
especially with reference to the production, through its action, of various a t 
forms of skull in individuals of any given nationality, which may cause them to 
posses a shape of head quite different from that of the race to which they belong. 
e pointed out, moreover, that obliteration of the sutures to a ter or less ex- 
tent exists in the crania of the Flathead Indians, which have been distorted by 
artificial means; his observations agreeing with those of Professor Daniel Wilson 
in this particular. He was of opinion that the ure occasioned the tendency to 
premature union of the bones in these cases. e author did not think that persons 
possessing crania the form of which had been modified by premature synostosis 
necessarily exhibited any special tendencies to cerebral disease or deficiencies in 
their mental capacities. e paper is printed at length in the ‘Natural History 
Review,’ January 1864. 


On the Means of passing unharmed through Noxious Gases or Vapours. 
By Jouxn Wurtz, Surgeon, Finchley. 


It consists of two flexible Pipes fixed in a metal covering, which is fixed over 
the nose and mouth. Each of these pipes is furnished with a valve of vulcanized 
india-rubber, one of which is fixed so that it can be moved only inwards, and 
the other only outwards. These valves are elastic, and of so light a material that 
they are opened and shut by the force of the air, moved to and fro in the act of 
breathing ; and, therefore, when the air passes through these Pipes, the person 
inhales only through one pipe, and exhales through the other. Having the end, 
which is farthest from the body, of that pipe by which he inhales in a pure atmo- 
sphere, the air which enters the lungs is pure, though the n is surrounded by 
noxious vapour. This inhaling-pipe may draw its supply from the open air at any 
distance from the body, or it may be supplied from a bag carried on the body. 
By this plan, the supply is limited to the size of the bag; by that, the supply is 
limited by the length of his inhaling-pipe. The fiexible valve of the exhaling- 
pipe completely prevents of the surrounding gas, and therefore the pipe is 
short ; it need not be more than half an inch in length. The part of the apparatus 
which I have described, and which I call the “ori-nasal cover” and air-pipes, is 
fixed in that part of an air-tight hood which covers the face. A tippet, made of 
waterproof cloth, is joined to the hood. Two circular pieces of glass are fixed in 
the hood for enabling the man to see. Every part of this air-proof hood where 
the metal is fixed is water-tight. When this apparatus is about to be used, a soft, 
thick kerchief is to be wrapped smoothly round the neck. The hood and tippet 
is then put op. A band is bound round the head and face, over the hood, to keep 
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the ori-nasal cover in ita place. A kerchief is bound round the neck over the tippet, 
to prevent any foul air passing under it; and the waistcoat and coat shoald 
be buttoned and secured over the tippet for the same purpose. 


On the Coal-Miners of Durham and Northumberland, their Habits aad 
Diseases. By Dr. Wrison. 

Premising that disease, like life, was not an entity per se, but a modified vitality, 
the object af this paper was to show what effect the exclusive habits and occu- 
pation of the coal-miners of the North of England had on their health and length 
of life. The author described at length the construction of the cottages, the dress, 
the fod, the nature of the work, and the pastimes of the pitmen. 

Their houses are well adapted for good ventilation. eir dreas is the best for 
resisting the effect of the change of temperature in going to and returning from 


working alternately one week from 1 a.m. till 9 a.m., and in the next from 9 am. 
till 5 p.m. They eat a moderate quantity of animal food once a day, y oD 
re from work: after this meal they give themselves a thoro i 


The impure air they often unavoidably breathe brings on structural changes 
im the mucous merbrane of the lungs, and the consequent oppressed breathing 
is a very common ailment. According to the author’s experience, they are almost 
exempt from Bright’s disease; and he attributes this to their e tration 
while at work, and the daily ablution with soap and hot water on their retum 

ome. 

Having gone with some minuteness into the statistics taken by Dr. Farr from the 
census of land, the author drew the conclusion that the miner of the north of 
England has an average of three years’ longer life than the te of English- 
men, eight years’ longer life than the Cornish miner, nine longer than the Stafford- 
shire and twelve longer than the South Wales miner, and only. one year less than 
that of the men of the healthiest districts of the kingdom. 

These results were in accordance with the author's personal observations, and 
were also borne out by statistics taken by him from the local registers of his 
neighbourhood. Pitmen marry young, and are thus freed from a class of 
imaginary and real disorders; and the author concludes, that whilst there is much 
nee for amendment in their morals, their physical condition should not be inter- 
fered with. 


GEOGRAPHY AND ETHNOLOGY. 


Address of the President, Sir Ropenicx I. Murcurson, K.C.B., D.C.L., LL.D, 
F.R.S., Director-General of the Geological Survey, and President of the 
Royal Geographical Soorety. 

A QUARTER of the t century has elapsed since it fell to my Jot, es Jomt 

General Secretary of the British Association for the Advancement of Seience, 

address the numerous and influential body which in 1838 was assembled at New- 
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castle-on-Tyne, and presided over by the late Duke of Northumberland. Under 
the auspices of that good and enlightened nobleman, we then gathered together 
much pecuniary aid for the advancement of Science; and, including Ladies (who, 
however, were not then members, but visitors), our numbers were greater than on 
any occasion before or since at any place in the British Isles. 1 was then associated 
in duty with that eminent mathematician the late Dr. Peacock, afterwards Dean of 
Ely, who, with many of our leading members, has, alas! passed away. Those of 
us, however, who are left come again hither with a lively recollection of the kind 
reception we then met with, and therefote sanguinely anticipate that Newcastle 
and the Counties of the North of England will well sustain their former good name 


and high | utation. 

In 1838 this town had been so recently embellished by such new and beautiful 
architecture that, in our opening General Assembly, I spoke of the noble results of 
individual enterprise, genius, and taste which associated the triumphs of art 
with those of manufacture and commerce, and combined the refinements of wealth 
with the most varied productions of industry. 

The words of the Latin poet, which I then quoted, have, indeed, in later years 
been rendered still more applicable :— 


‘ Hio portus alii effodiunt; hic alta theatris 
Fundamenta locant alii, immaneeque columnas 
Rupibus excidunt ; scenis decora alta futuris.” 


For, if I was then struck with the great works which this capital of the northern- 
most English counties had achieved since the early recollections of a boy at Durham 
School in the first years of this century, what is now my gratification and surprise 
when I look at the onward progress made between 1838 and 1868 in this centre of 
industry! In 1888 we were not enabled to reach our place of meeting by railroad 
from the south or from the north; but now the passenger flies across the Tyne by 
one of the noblest and most skilfully engineered of river-viaducts. Then, it 1s true, 
great and flourishing manufactories existed, and evidences of energy and high in- 
tellect abounded; but now among your townsmen there has arisen a man whose 
genius has thrown new light on the defence of nations, and whose talents and 
Ingenuity have been so appreciated by the public, that the British Association 
could not have selected a more fittmg ident of their body. 

Twenty-five years ago your trade and commerce were, it is true, important; but 

our imports and exports, including those of North and South Shielda and Sunder- 
d, have since then, as nearly as may be, trebled, and ships from the Tyne, the 
Wear, and the Tees now frequent the most distant regions of the globe. 

It is cially by this great extension of ita influence and relations that New- 
castle-on Tyne has become an eminently suitable meeting-place for geographers 
and ethnologists ; and to this fitness of things, let me remind you, the Association 
has of late years adapted iteelf: for, when we last assembled here, this Section, of 
which I am proud to have been the founder, had no existence. 

When in 1838 I here took a retrospective view of the progress made by the 
British Association m the first seven years of its existence, it was natural that, 
with the strong desire with which I was imbued, I should have then expressed my 
regret that Geography had not hitherto received at our Meetings that amount of 
attention to which it is justly entitled. Referring to the progress then made by the 
Royal Geographical Society of London, when its members were a third part only of 
the present number, I expressed a hope that the great geographical problems which 
had been lately solved, and which remained to be worked out, might be brought 
re ly before the Association, and secure the application of some of those funds 
which had hitherto been exclusively appropfiated to the advancement of other 
sciences. 

Steadily pursuing this idea, it was therefore a great satisfaction to me to succeed, 
after an interval of sixteen years, in establishing in the year 1854 this separate 
Section of Geography and Ethnology; and since that day I can truly say that this 
department of our Scientific Body has been most popular, and at the same time, I 
trust, eminently useful. 

Under these encouraging aspects, I will first call your attention to some of the 
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leading geographical results in British Geography which have been brought shout 
since we last net here. At that time four years had elapsed since (st our firs 
Meeting in Scotland) I directed the attention of this Association to the untoward 
condition of the To hical Survey of the British Isles, by showing that no map 
of any country north of the Trent was in existence; im short, that ali the North of 
England and the whole of Scotland were in that lamentable state ; whilst the 
survey of France, and of nearly all the States of Germanv, had been completed. 
Having roused public sentiment to this neglected state of the national map—s 
neglected, indeed, that one of the great headlands (Cape Wrath) was known to 
have been laid down some miles out of its proper place in all maps and charte— 
deputations to the Government followed, in the first of which I pleaded the cause 
of phy, but with little or no effect as regarded the North of Engiand and 
my native country, Scotland. Ireland then abeorbed nearly all the labours of the 
Ordnance Survey, and was at length furnished with a map on the six-inch scale. 
from which the really useful general map on the one-inch scale has since been con- 
structing, but is not yet completed. 

In the twenty-nine years which have e since the period when the question 
was first agitated, at Edinburgh, considerable progress has doubtless been made: 
but it is surely a reproach to a powerful country like Britain that in thirty vesrs 
we have only just seen the region between the Trent and the Tyne delineated and 
laid down on a real map, +. e., on the one-inch scale; whilst even yet the maps of 
the northernmost English counties are unfinished. 

In making this obeervation, I am well aware that the skilful officer, Colonel Sir 
Henry James, who now directa the Survey, has made every exertion to complete 
this national object, and has shown great talent in its management. The tardy 
execution of the | work has been oot” to two causes. rite first of these was the 

eviation from the original operations, which tted, and from 
which on various occasions I have entered my humble Teor The construction 
of a General Map of Great Britain, on the scale of one inch to the mile, was in 
rapid progress some thirty years back; and had this been followed out to its com- 
letion, in the first instance, without ap lying the Survey forces to other and more 
etailed objects, not merely England, but the whole of the British Isles would 
have been completely mapped many years ago, and upon a scale larger than that 
used in the general map of any other country; in fact, upon the largest scale to 
which the term “ Pe can be applied, or which can really serve some of the most 
essential a otil e Hirst deviation from the carly I plan took place in Trelan‘, 
where, in order to settle disputes relating to pro tween townlands, the six- 
inch scale was introduced. Now, plans on aie scale, if not furnished with con- 
tour lines, do not embrace the salient features of a true map, whilst the dimen- 
sions of the sheets relating to any one county are so large, that though highly use- 
ful to geological surveyors and miners, they cannot be consulted for improvements 
of construction of canals, railroads, or other public works, still lees for any 
neral military movements or traveling purposes. With the extension of the 
urvey to the North of England and Scotland, not only has the six-inch acale been 
adopted, but much larger cadastral plans, on the 25}-inch scale, have been and are 
in execution. While these plans are, I t, moet valuable to individual pr- 
prietors, they are beside the purposes of the geographer, inasmuch as they exhibit 
no attempt whatever at the delineation of physical features. Hence I regret that 
their execution should have been preferred to the completion, in the first instance, 
of an intelligible and useful Map of the British Islea, which, if made to depend on 
the previous completion of the large-scale plans, will still involve, I fear, the lapee 
of another very long period before the whole country will possess what geographers 
consider a map. The other and the most powerful cause which has retarded the 
progress of good cartography has been the frequently recurring cold fits of indiffer- 
ence and consequent cutting off of the supplies by which our legislature has been 
periodically affected, and which have necessarily occasioned a co and stagné- 
tion in the works of this important Survey. 
As respects my own ial department, or the “ Geological Survey,” I deprecate 
till more strongly the delay of the construction of the one-inch } seeing 
‘~ologist can yet labour effectively in the Highlands of Scotland, and accurately 
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delineate their interesting rock-formations by colouring any one of the defective 
county maps of that region. With my expression of regret on these points, I am 
bound to that the large cadastral plans are admirably executed ; and that 
for the registration of property they are of material value. As such great land- 
marks, they will always be mementos of the highly useful services of Sir Henry 
James and his associates. 

Let us now cast a rapid glance over the progress of discovery in distant lands, 
and particularly where our countrymen have signalized themselves. In this wide 
field wherein our knowledge has been extraordinarily increased within the last few 
years, I will limit my remarke to three or four regions; the more so as I have 
recently addressed the Royal Geographical Society at large on many collateral 
topics in a Discourse which is now in circulation. 

A ia, scarcely known to the civilized world till after Cook’s voyages (1770- 
75), has of late been so rapidly colonized by Britain, that ere long she will be no 
mean rival of those vast regions of North America which were first occupied by 
subjects of the British Crown. At former Meetings of this Association we have 
dwelt on the early discoveries of new lands in the interior of Australia, in which 
the names of Mitchell, Eyre, Sturt, Leichardt, and others have been always 
mentioned with honour and respect. The later journeys of the brothers Augustus 
and Frank Gregory have earned for those good surveyors the highest honours of 
the Royal Geographical Society, for their extensive researches and determinations 
of longitude and vNatitude in Northern, Eastern, and Western Australia. Whilst 
more recently the bold expedition of Burke and Wills cost those noble fellows 
their lives, the latest researches of their successors stand out as indeed most singu- 
larly successful. M‘Douall Stuart, after various previous triumphs, in one of which 
he reached the watershed of North Australia, has actually passed from Adelaide, in 
South Australia, to Van Diemen Bay on the north coast, in latitude 15° S. Con- 
temporaneously with this last expedition, M‘Kinlay, proceeding also from Adelaide, 
reached the Gulf of Carpentaria, and thence travelled to the eastern shore; and 
Landsborough, realizing all the value of the discoveries of Burke and Wills, and 

netrating from the Gulf of Carpentaria, traversed the continent southward until 

e regained the noble colony of Victoria, in which the expedition was organized. 
As I have recently dwelt at some length on these bold adventurers in my Anni- 
versary Address, referring also to some geographical determinations by Mr. Walker, 
of Queensland, I will now simply direct your attention to the huge map of Aus- 
tralia which hangs upon the wall, and on which all the routes of these explorers 
are laid down. 

The rapid rise of the different Colonies in Australia is truly marvellous; and, 
whilst we have successfully occupied all the available ports and lands along the 
eastern, southern, and western sides of the great Continent, we are now, I rejoice 
to say, beginning to extend our settlements to the north coast, the occupation of 
which I have advocated for many a year, on political as well as on commercial and 
colonial grounds. A few years only of practical researches have dispelled our 
ignorance ting the interior of this vast mass of land, in which, though there 
are wild desert tracts, there are aleo many rich and well-watered oases of fine 
pasture-grounds, through which the colonist may open out communications across 
the Continent from the south and east to the northern shores. A short time only, 
I venture to predict, will elapse before towns shall arise at the head of the Gulf of 
Carpentaria, as well as at the mouth of the Victoria River of the North, from whence 
as well as from the new settlement of Cape York, Australians will have a direct 
communication with our t Indian Empire. In speaking of the progress of these 
remarkable Colonies, it may be considered invidious to seem to select any one for 
special notice, where all of them have such high claims to our notice. I may, 
however, in passing, mention the last-formed of these wonderful separate Govern- 
ments. This is Queensland, possessing a surface six times greater than that of the 
United Kingdom, and the very grazing-grounds of which (according to its accom- 
plished Governor, Sir G. Bowen) are about twice as large as the British Isles, in- 
cluding large tracts peculiarly adapted to the growth of cotton. 

Nor can I omit to notice the striking enco ment given to geographical ex- 
ploration, and, indeed, to the cultivation of many branches of science, by governor 
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Sir Henry Barkly, whose final Address to the Royal Socie of Victoria is one of 
which the President of any Scientific Society in might well be proud. 

The progreas which our enterprising Australian Colonists have made, not only 
in wealth and material prosperity, but in all that can ignify a people, was striki 
manifested at the last Great International Exhibition. it we saw coll 
not merely the rich natural products of gold and copper, with i actor 
views which even enabled us to imagine that we visited the mines of our 
antipodes, but we also had before us solid proofs, in the publication of excellest 
Maps and the Catalogues of the valuable Libraries of Sydney and Melbourne, thst 
there is scarcely any branch of knowledge or of industry which is not cultivated ia 
Australia with a zeal rivalling that of the mother-country. 

Relying on the conversations which it was my privilege to hold with the dir 
tinguished men who represented the several Austrian Colonies on that 
as well as with many personal friends who have long resided there, I feel 
that there is no part of the British dominions where the people are more attached 
to the Sovereign and the British Constitution than Australia. It has always, 
therefore, been a source of pain to me, when some persons have spoken or wnites 
of the coming of the day when these great Colonies are to be separated from ui. 
Seeing no cause for such separation, and believing that our Government and Legisls- 
ture are much too enlightened to commit the error into which our Government fell 
when Britain lost her North American settlements, we are, I rest satisfied, neve 
likely to estrange ourAustralian Colonies by similar treatment. It has been well said 
by a late Governor of South Australia that the loyalty of Australia is an homage to 
the enlightened rule of England, of which her statesmen may be proud®. Onm 
own part, I am indeed persuaded that, if judiciously and considerately 
Australia, which affords by far the finest possible field for the emigration of our 
superabundant population, will long continue to be a source of wealth and strength 
to the mother-country ; and will, I trust, for ages hold out a proof that the people 
who live under a constitutional monarchy enjoy much truer freedom, in its best 
sense, than those who have formed part of any democracy, ancient or modem. 

And now let me say a few words on the last grand geographical feat—the dir 
covery of the water-basin which supplies the Nile. 

The first act in this portentous operation was the discovery, by Captain Spy 
(when he left his leader, Captain Burton), of the large ican 
in the year 18568, he named Victoria Nyanza, In his late expedition, whe 
accompanied by Captain Grant, he has proved (as he said he would before he 
started) that this great body of fresh water is the main source of the White Nile; 
and in this exploit we have one of the greatest Beographical triumphs of al] history. 
For age after age had rolled on—traveller r traveller, from the days of the 
Egyptian priests and of the Roman emperors down to modern periods, had ender 
voured to ascend the Nile to its sources, and all had failed! By reversing the line 
of research followed by all former travellers, and by proceeding from the east coast 
of Africa, near Zanzibar, to the central, lofty, and flat plateau-land forming in thet 
meridian the watershed between North and South Africa, these gallant Indie 
Captains reached the great reservoir from whence the Nile flows. Thence they 
traced the mighty stream northwards into t,and demonstrated that, whilst the 
White Nile, which they followed, is the t Nile; the so-called Biue Rive, 
joining the parent stream at Khartum on the frontiers of Egypt, is, like the Athen 
and other waters, a tributary only. ; 

As the outlines of the long walk of Speke and Grant across those vast inter 
and equatorial regions of Africa have been given to the public, first in my Addrew 
to the Royal Geographical Society, and subsequently in various peri x 
would be out of place to say more on the subject until their own fall accoust, 
which | they are preparing with many illustrative sketches, shall have bees 

ublished. 
P In the mean time it is gratifying to know that our gracious Queen has ebows by 
her own kind expressions how truly she is proud that two of her own gallsst 
Officers should have succeeded in performing what the people of many a Europes? 

* Bee the Lecture, “Australia: what it is and what it may be,” Sir Richerd @. 
MacDonnell, O.B. Dublin, 1868. yh 
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nation have failed to accomplish. We may therefore be sure that the British 
people will rejoice with all geographers, if the travellers should receive due honours 
and rewards for such glorious services. 

Among foreign Sovereigns the King of Italy has taken the lead in the desire to 
commemorate the great event, by.0 ering two gold medals to be struck on the 
occasion. The first, which immediately after its completion was presented to the 
leader on the Royal Geographical Society’s Anniversary, had on its reverse the 
‘words, so well kmown to Englishmen as the motto of Nelson, “ Honor a Nilo.” 
‘The second, which the Italian Minister, the Marquis d’Azeglio, since put into my 
hands, and which has been delivered oy me to Captain Grant, has on it these 

gnant words: “ Al Capitano Grant: divise col Capitano Speke gloria e pericoli.” 
* hus do these medals remind us that, through the enterprise of her sons d 
has won glory through many a danger at the sources, as at the mouth, of the Nile. 

Among the  feographical communications which have been already sent in to be 
read at this Meeting, and of which I have any acquaintance, I will now allude to 

our . . 

Referring still to Africa, we hope to be favoured by Dr. Barth with a translation 
from the German of the ascent of the lofty snow-clad mountain of Kilimandjaro, 
in tropical Eastern Africa, as carried out by that energetic Hanoverian traveller, 
Baron C. von der Decken. 

In relation to China, you will, Idoubt not, be much gratified with the memoir of 
Mr. R. Swinhoe, a practised Chinese scholar, and formerly a British Vice-Consul, 
on the large, but little known, island of Formosa, and the numerous islets between 
it and the mainland. Whilst the publications of the last few years, including the 
‘ Narrative of the North China Campaign of 1860’*, by Mr. Swinhoe himself, have 
rendered us well acquainted with large portions of the interior of China—and whilst 
Captain Blakiston haa laid down on a beautiful chart the course of that mighty 
stream the Yang-tsze-Kiang, to a distance of nearly 1000 miles above the hi Chest 
point previously reached by our countrymen—the great island of Formosa, off the 
eastern coast of the Chinese mainland, has remained comparatively unknown. 
Since the days when parts of its west coast were surveyed, the outline of those 
shores has, it appears, undergone a great change by the rapid increment of silt and 
sand washed down from the mountainous interior; so that 8 new survey is imperi- 
ously called for, to render some of the ports accessible to commerce. Near the 
north end of the island, indeed, the port of Tam Sui is not liable to these dange 
and is indicated by Mr. Swinhoe as being best suited for commercial dealings ; and 
this part of the coast was so well surveyed by Captain (now Admiral) Collinson 
that his charts thereof may be entirely depended on. In short, now that Lord 
Elgin’s Freaty of Pekin has thrown open to British enterprise all the porte of 
China, it is to be hoped that, by the completion of accurate surveys of the south- 
western coast of Formosa, its present unapproachable harbours will soon be 
frequented by British vessels. e learn that these extensive lands are very rich in 
natural productions; and Mr. Swinhoe will interest you much by a description of 
the habits, costumes, and peculiarities of the Chinese inhabitants. The aborigines 
—a Malayan race—atill occupy all the mountainous districts, or eastern side of the 
island, and live among the great forests that yield so much camphor. The subject 
of Formosa is so novel that this communication will prove very attractive; whilst. 
you will, I doubt not, be struck by the coloured drawings which the author has 
made of the Chinese occupants of this great island, and after whom, articularly the 
women, the Portuguese may well be supposed to have named it “ Formosa.’ 
as I have been led to believe, my accomplished friend Sir Harry Parkes should join 
our Section on this occasion, it 1s certain that he will give us a lively and accurate 
description of the Chinese people, as well as a solid and trustworthy account of our 
political and commercial relations both with China and Japan. 

Turning to Central America, you will have a very interesting memoir by Mr. 
Osbert Salvin on the physical geography of Guatemala, in which the author will 
particularly notice the geographic distribution of the various zoological produc- 
tions of that country. Hoe will also give us accounts of its virgin forests, volcanos, 


® London: Smith and Elder, 1861. 9° 


182 REPORT—1863. 


and lakes, as well as of the Indian remains and buildings which he has traced 
in it. 

Another American subject to be brought before us will doubtless bring to our 
halls many persons interested in the triumphs of mechanical skill when practically 
applied to the overcoming of ifficulties presented by physico-geogra- 
p features. Mr. William Wheelwright has commenced the execution of s 
stupendous engineering work, called the Great Central Argentine Railroad, to which 
he formerly called the attention of the Royal Geographical Society, and which » 
destined to connect the great port of Buenos Ayres, on the Atlantic, with the city 
of Copiapo and the port of Caldera, on the Pacific. From the Pass of San Francisco 
in the Andes (16,000 feet high), it will descend the western side of those mountain: 
through the valley of Paipote, and reach the city of Copiapo, 1300 feet above the 
ocean; thence continuing to Caldera, one of the finest ports in the Pacific, after a 
descent of 246 miles from the culminating point of the road in the Andes. With 
the exception of one inclined plane of five or six miles, the immense elevation 
to be traversed by locomotive engines; for Mr. Wheelwright has already hod : 
railroad constructed from the valley of Copiapo to the mineral district of Charms- 
cillo, on which the trains run twelve miles an hour, in ascending 1900 feet in nine 
miles !—a gradient unheard of, I believe, in Europe. 

In the commencement of this Address I spoke of the imperfect means we 
seased in 1838 of reaching rapidly this flourishing town by rail; and still less then 
had the genius and sagacity of Wheatetone overapread the countries with the electric 
telegraph. Such however has been the progress, that in 1861, at Manchester, we 
interchanged questions and answers with the philosophers of St. Petersburg danzg 
an evening assembly ; and advances have been effected for transmitting telegrams 
roundthe world. <A vast stride will be made in the ensuing winter by the extension 
of the telegraph from Constantinople through Asia Minor, and thence wa the 
Persian Guif to the country of Mekran, at the head of the Indian Ocean, and s0 to 
the British possessions in India. The preliminary researches which have beea 
made towards the establishment of this overland electric line to British India have, 
indeed, already laid open to us countries which, though unknown to the modems, 
were seats of power when Alexander the Great and his lieutenants invaded India 
At the same time other efforts are in progress to carry a system of telegraphs from 
Russia through Siberia, and thence across the Desert of Gobi to Pekin. 

The great desideratum, however, of connecting. Europe with America by a Sab- 
marine Telegraph remains to be accomplished. With a view to that desirable end, 
the Council of the Royal Geographical Society warmly supported a proposal by 
Dr. Wallich to effect a complete survey of the intervening sea-bottom as a pre- 
cursor to the actual laying down of a cable upon the vast unknown irregularities of 
the submarine surface ; such an effort being certain to throw much light on Nataral 
History and Physical Geography. The soundings which ascertain the nature of the 
bottom of the ocean, not only give us the outlines and characters of various sunken 
rocks, sands, and mud-banks, and of vast and deep cavities, but inform us wher 
the under-currents prevail, and where at vast depths the surface is tranquil and un- 
ruffied in some places, whilst in others submarine volcanos disturb the sea-botton. 
Nay more, these submarine operations have taught us that some of the lover 
animals cannot only live, but flourish, preserving even their colours, at the ena 
mous depth of one mile and a half. We thus see how the efforts of the nautical 
surveyors and the engineers to spread the electric telegraph are not merely destined 
to be useful to mankind, but to elicit t and important truths in Naturd 
History, the development of which is specially connected with the pursuits of the 
geographer. 

. In adverting to the consideration of the other science which this Section ew- 
braces, it gives me pleasure to be able to report that the Ethnological Society 12! 
® prosperous and satisfactory state, having within the last three years greatly Ii 
creased the number of its members and improved its financial condition. 
satisfactory result is in great measure due to the vigorous exertions and numer0ss 
contributions of my eminent friend, its last President, Mr. John Crawfurd, whom ! 
am happy to see among us at this Meeting. Under his auspices the Ethnological 
Society brought out last year a volume of Transactions, forming the firet of a ne¥ 
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series, which has been favourably received by the public, and a second volume has 
just been published. As the Ethnological Society has had the good fortune to see 
the place vacated Py the retirement of Mr. Crawfurd filled up by the appointment 
of so skilful and philosophic a naturalist as Mr. John Lubbock, and as Mr. Francis 
Galton, the President of this Section at the last Meeting of the Association, has 
kindly consented to act as our Ethnological Secretary, we may reasonably calculate 
on receiving much sound support from men lie these, who can so well connect the 
sciences which we cultivate with many other branches of human knowle 
In conclusion, I have now only to exhort Pht to profit by this Meeting, not 
merely by listening attentively to the reading of the various memoirs to be brought 
before you, with many of which (particularly those relating to Ethnology) I am as 
yet uainted, but also by discussing all doubtful points in a fair spirit of in- 
quiry. Above all, let us strive to show, by the amount of useful knowl we 
ather together, that the value and interest attached to the proceedings of this 
Section are as effectively sustained on the banks of the Tyne as they have been 
at any other meeting-place of this our Parliament of Science. = - . 


On some Curiosities of Physical Geography tn the Ionian Ieles. 
By Professor Anstep, F.R.S. 


The Ionian Islands and the mainland of Greece abound with matters of intereet 
to the geographer. Among them are:—]. Valleys and circular depressions re- 
ceiving drainage, but without apparent outlet. These abound in Corfu, Santa 
Maura, and Cephalonia. They occur also in Zante, rendering the islands less 
healthy than they would otherwise be. They are, beyond doubt, results of the 
peculiarly cracked and open condition of the limestone-rock of which the whole 
of the islands may be said to be made up. 2. Inflowing currents of sea-water. 
Very clearly connected with the same condition of the rock is the curious pheno- 
menon presented near the town of Argostoli, the capital of Cephalonia. The town 
is on a low step of cracked and cavernous limestone, a foot or two above the highest 
ordinary level of the sea, on one shore of 8 small creek, separated by a higher ridge 
of similar limestone from the Gulf of Argostoli. There is hardly more than a fow 
inches perceptible tide in the eastern part of the Mediterranean, and even in this 
creek the rise, though multiplied, is small. At four places close to the town there 
are inlets or cracks, a few feet wide, entering some hundred yards into the land, 
and terminating in broken, rocky, cavernous spaces. Instead of the ordinary phe- 
nomenon of the fresh water running over the land to the sea, we have here the 
reversed phenomenon of the sea coming in by these crevices, running for some 
distance over the land, and finally entering and becoming lost in the earth. It is 
nothing unusual in limestone-countries to find water disappearing into the earth; 
but it is certainly exceptionable that this should be sea-water, and that it should 
continue permanently. The author suggested as a better explanation of these 
inflowing currents than has yet been given, that they are probably results of the 
cracked condition of the limestone-rock and the great evaporation from the surface 
during summer. It is not unusual to see the vine—especially the grape-vine— 
growing and flourishing on piles of loose, » anger limestone, without the smallest 
particle of visible soil. The moisture required by the roots is no doubt supplied by 
constant evaporation from the water underground. It goes on so long as there is 
any moisture left, and the hotter and drier the limestone at the surface, the more 
readily is the supply sucked up. Thus, whatever water enters the rock from rain 
falling on the surface, and all that comes in by these entering currents from the 
sea, is probably exhausted by evaporation from the surface. It would follow, if this 
explanation be correct, that a deposit of salt must be forming in connexion with 
the limestone into which the water penetrates. 


On some Points in the Crantoscopy of South American Nations. 
By C. Carrer Buare, F.G.S., F.A.S.L. 
The object of the paper was to reconsider some of the primary principles on 
which those cranioscopists who have classified the races of South America have 
based their arrangements, and to call especial attention to a few important excep- 
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tions which appear to invalidate the generalizations commonl Every 
practical cranloscopist is aware that Retzius’s classification of human skulls into 
hycephalic and dolichocephalic was applied by that illustrious Swede to the 
ment of the great leading South American types. The lamented and de- 
ceased cranioscopist gave, as examples of the brach ycephelic type, as exhibited in 
South America, the tribes of Ecuador, Peru, Bolivia, Chile, La Plata, P: 
and Tierra del Fuego; while the dolichocephalic or long-headed type found its r- 
presentatives in the populations of Carib, Guarani, Brazilian, Paraguay, and Uraguay 
origin. This broad generalized statement of facts still remains the accepted and 
ominant hypothesis. How far is it consonant with the extent of our know- 
fedge on the subject P Those few tribes and nations of South America of which 
any accurate and reliable information exists will be briefly recapitulated in the 
following observations, and especial attention drawn to the desiderata which appear 
in our collections, The geographical order will be adhered to, apart from any 
broad generalization which may arise, based on craniometrical classification ; such 
neralizations, e.g., a8 that of Morton, who divided the whole American races 
into two great families; the Toltecan, comprising the extinct half-civilized tribes 
which have become extinct during a prehistoric period; and the barbarous tribes 
The latter division was subordinated amongst the Appalachian, Brazilian, Pata- 
gonian, and Fuegian branches. Mr. Blake then proceeded to criticise these types 
in detail. In the first place, he pointed to Colombia; the characteristic type pre- 
vailing amongst the tribes of Venezuela is the Carib. The skull is here markedly 
long-headed, with the parietal diameter less than the longitudinal The frontal 
bones are strongly flattened ; the zygomatic arches large. Accurate and reliable 
evidence re fing the cranial conformation of the natives of Ecuador is wanting. 
The Cara and the yi are unknown. There were several types in Pera; ¢. g. the 
Chincha type, short-headed; the Chimi type, long-headed, so far as known ; the 
Inca or Quichua, short-headed, flattened from before to behind by compression from 
the frontal bone to the occiput. In Bolivia there were the Aymaré, Tong-headed, 
of which few examples existed in our collections; the Titicacan, long-headed, but 
of whom the other physical characters are unknown. In Chile, at the present 
day, the type was long-headed, 0 far as known. The Anthropological Society of 
Paris has recently prepared a series of queries respecting the physical characters of 
the Chile races, which showed the utter want of information on this topic In 
Patagonia the type was also long-headed, as in Tierra del Fuego, Paraguay, Ls 
Plata, and Brazil. 


On Celtic Languages. By R. 8. Cuarnocx. 

The author commenced by stating that, having had an opportunity of readi 
Mr. Crawfurd's paper before attending the Meetings of the Association, he sho 
reply to it in detail. At. Crawfurd stated that when between tro oF more ra 

there was s substantial phonetic or grammatical agreement, they might 
gronounced cognate. In the next p ph, however, he laid down Yio 
proposition, namely, that the words which most distinctly proved languages to be 
cognate were conjunctions, &c., words, in fact, which could not be 
He would not quarrel with Mr. Crawfurd for using the term German in describing 
the origin of five-sixths of our English , when doubtless o-Saxos 
was intended. The Norman element, instead of being one-sixth, probably did not 
constitute a fiftieth part of the language. On the question of tical struc- 
ture, he combated the notion that the leading languages of Europe, ancient and 
modern, had all sprung out of a dead language of India, and also the proposition thst 
the Siamese was a monosyllabic language, and contended that race could nevet 
to a certainty be determined by language. It would be considered absard m4 
man who, having given cogent reasons for not visiting Rome, forthwith started for 
the Holy City. But Mr. Crawfurd, after going to the trouble of arguing thet 
the boasted test of agreement in the mere structural form of | is inadmit- 
sible, proceeded nevertheless to compare the Gaclic and Welsh, with the view of 
showing thst in point of structure they were cords by the balt 


languages. Age 
after that the formation of und words by the halp of preposttions *¥ 
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them, of the Sanskrit, the Gaelic, and Welsh, Mr. Crawfurd argued that no such 
manyer of compounding words was known to either of these languages, This 
sesertion was inexcusable; for if he had searched the dictionaries of the last two 

» he would soon have found that in upwards of one-third of the words 
the first syllable was a prefix. The author quoted numerous instances to prove 
this; and then contended that the English language was not of German origin, 
but a language which was principally based upon Greek and Latin, derived partly 
through Saxon and Norman-French, and partly direct from the two former lan~ 
Guages. 


Ona Visit to Dahomey. By Mr. Crarr. 


On the Commixture of the Races of Man, as affecting the Progress of Civiliza~ 
tion in Eastern Asia and the Malay and Polynesian Islands. By Joun 
Cnawronpd, FBS. 

The writer gives, as examples, the mixture of the Chinese with the Malay, of 
the European with the Malay, and of the European with the Polynesian. 6 
first description of admixture forms the largest portion of the so-called Chinese 
inhabitants of the Philippines with the Mala Archipelago ; the second, under 
the designation of Mesizo, a considerable body in the Philippine Islands; and of 
the third, « striking instance is to be found in the Pitcairn Islanders. 


On the Origin of the Gipsies. By Joun Crawrorp, F.R.S. 

The gipsies, whose first appearance in Europe took place 400 years ago, or about 
seven years before the discevery of Ameriea. have excited much curiosity for the 
last years, in consequence chiefly of their being believed to be Hindus—an 
hypothesis, according to the writer of this paper, for which there is no other evi- 
dence than a few Indian words in their rude language, and a somewhat darker com- 
plexion than that of the people they are living among. Of the genuine Hindu 
words in their language he gives a list amounting to more than 123, while of other 
oriental s, such as Persian, Turkish, and Arabic, it contains a considerable 
number. “ From all,” says he, “that has been said in the course of this paper, I 
must come to the conclusion that the gipsies, when, above four centuries ago, th 
firet appeared in Western Europe, were dy composed of a mixture of many di 
ferent races, and that the present gipsios are still more mongrel. In the Asiatic 

rtion of their lineege, there is probably a small infusion of Hindu blood ; but this 

I think, the utmost that can be predicated of their Indian pedigree. Shortly 

ing, they are no more Hindus in lineage than they are Persians, Turks, or 
peans; for they are a mixture of all these, and this in proportions impossible 
to ascertain.” 


On the so-called Celtic Languages, in reference to the Question of Race. 
By Joun Crawrvurp, FERS. 


The object of thia paper is to show that the Welsh and Armorican languages on 
- the one side, and the Irish and Scota-Gaelic on the other, are not sister tongues, 
’ but distinct languages, and hence that the People speaking them, in.so far as 

language can be considered evidence, are of different races. This the author 
endeavours to show by an analysis of the grammatical structures and vocabularies 
of the two tongues. “If,” says he “the facts and arguments adduced in the 
course of this paper be valid, the languages which are its subject are two dis- 


tinct and separate tongues. e, indeed, seven centuries , pronounced the 
Welsh and Irish to be as different from each other as Latin and Saxon. In so far, 
then, as can be considered a test of race, and to the extent that one Eu- 
ropean race di from another, the 


ies speaking the two | ages must be 
viewed as distinct original races.” “If,” he concludes, “the Gaelic language on 
the one hand, and the Welsh and Armoric on the other, be two distinct tongues, 
and not, as the denomination of Celtic would give us to understand, dialects of a 
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common tongue, it will of course follow that the people speaking the Gaelic lan- 
guage, whether of Ireland or of Scotland, had no share in the great enterprises of the 
people known to the Romans as Gauls. The peuple who established themselves 
in Northern Italy, who captured Rome, overran and plundered Greece, and, under 
the name of Galatians, established themselves in Asia Minor, were the Celts— 
men who spoke the same language which is now spoken in Wales and Brittany, 
although it is not likely that the inhabitants of these poor and remote countries 
had any share in these remoter enterprises.” 


A few Notes on Sir Charles Lyell’s ‘ Antiquity of Man.’ 
By Joux Crawrurp, F.R.S. 

The author agrees entirely with Sir Charles Lyell in his conclusion that the ex- 
istence of the human race is of a far higher antiquity than is popularly believed, and 
he dissents from him only on the question of the commutation of species, ing 
himself here to Sir Charles’s arguments drawn from and the image 
transition of the family of the apes into man, and hence the unity of : 
On the subject of language, Sir Charles Lyell, adopting the Aryan or Indo-Ger- 
manic theory as expounded by Professor Max Miiller, gives it as his opinion that 
no language has been known to have endured beyond 1000 years ; and in ition 
to this opinion, the author of the paper quotes the Arabic, which, dating from the 

ublication of the Koran to the present time, has lasted for 1240 years, while the 
breek age, reckoning from the time of Homer to our own days, has endured, 
with small change, for 2600 years; he further adds that, when there is no change 
in the frame of society, as among the Australians, a | may last even for 
thousands of years. On the question of the transmutation of the apes into man, 
Sir Charlee Lyell adopts the opinions of the learned and ingenious Professor Huxlev, 
who, while he adopts the theory that man is a direct transition from the anthropoid 
monkeys, takes special pains to guard himself from concluding that there is any 
other than a certain structural resemblance between them. “ Let me, then, take 
this opportunity,” says he, “of distinctly asserting that the differences are great 
and significant ; that every bone of a Gorilla bears marks by which it may be dis- 
tinguished from the corresponding bones of a man; and that in the present crea- 
tion, at any rate, no intermediate link bridges over the gap between Homo and 
Troglodytes. At the same time, no one is more strongly convinced than I am of 
the vastness of the gulf between civilized man and the brutes, or is more certain 
that, whether from them or not, he is assuredly not of them. No one is leas dis- 
posed to think lightly of the present dignity, or despairingly of the future hopes, 
of the only consciously intelligent denizen of this world.” “The monkeys, then,” 
concludes the author of the paper, “ have an outward and even a structural resem- 
blance to man beyond all other animals, and that is all; but why nature has be- 
stowed upon them this similarity is a mystery beyond our understanding.” 


On a Human Cranium from Amiens. By Henry Ducxworrta, F.G.S. 
This was a short communication relating to the discovery of a human skull, in 
the summer of 1861, whilst on a visit to the quarries of St. Acheul. 1t was obtaied 
from the deposit lmown to the workmen as the “ Découvert” bed, its depth from 
the surface being about six feet. 


Ethnology of Eastern Mantehuria. By Captain Fiemme. 


From Tientsin (North China) to the Capital of Mantchu Tartary. 
By Captain G. Frere. 

The paper described a journey performed by the author in company with Mr. 
Meakin in 1861. The travellers did not adopt the Chinese dreas, as they were 
advised to do, believing that it was not only difficult to maintain the disguise— 
the discovery of which might lead to consequences of a very serious nature—bat 
that they would consult their own safety, and produce a good impression in the 
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natives, by appearing in the English costume, and making no secret of the object 
of their journey e explorers passed the Great Wall of China, from which 
they extracted a brick (which was exhibited), and gleaned much valuable in- 
formation about the country. 


On the Discovery of the Sources of the Nile. {By J. A. Grawt, Bengal Army. 


Our consisted of Captain Speke, myself, and two hundred natives, formed 
of ees from Zanzibar, ten men of the Cape Mounted Rifles, and negro porters 
returning to their homes in the interior. Of baggage-animals, we had twelve mules 
and three or four donkeys ; but these all died within three months of our having left 
the coast. Food was purchased, and porters paid, in cotton cloths, Venetian beads, 
or thick brass and copper wire; when these failed, the chiefs of the countries were 
conciliated with presents of rifles, ammunition, watches, medicines, &c. 

The route from the sea to the lake district lay through large properties governed 
by paltry but independent sultans, who delayed us till their demands for taxes 
' were satisfied. Further on a new and distinct race were met with—the Wahuma 
kings owning the fertile lands on the western shores of the Lake Victoria-Nyanza, 
and holding the key to the Nile. Fortunately for us, they showed great intelligence, 
asking many questions about our Queen, our arts and manufactures, and finall 

ted our long-wished-for desire—a passage through their countries tow 
Egypt On questioning them where the waters of that mighty lake of 2000 square 
es went to, they were, until enlightened by us, as ignorant of its course as we 
had been, for ages, of its source. 


On the Aboriginal Occupation of North Tynedale and Western Northumber- 
land: an Illustration of the Social Life of the Northumbrian Celts, By 
the Rev. G. R. Hatt.° 


The author said that his archseological survey had extended over an area of 
about 300 square miles, and that many vestiges of the prehistoric period were now 
noticed for the first time. The numerous ancient British Cerau, or fortified 
towns, might be considered as hill-forte, located, as the Warden Hill Camp, near 
the confluence of the North and South Tyne, on elevated sites; or, as lowland 
fastnesses, of which the Countess Park Camp is a good type, occupying escarp- 
ments, usually flanked by deep ravines in the river-basin itself, The foundations 
of ramparts, including from one to three acres, and of numerous hut-circles or 
dwellings, ranging from 15 to 46 feet in diameter, can be traced in many instances. 
The action of fire was evident on the unhewn, massive blocks of white freestone in 
several oppida—a proof of long occupation by the aboriginal tribes, who seem to 
have consisted of petty septs or clans, generally at war with one another. Nu- 
merous terraces for primitive cultivation, querns or hand-mills, large mounds of 
iron scori~@, with the rudest pottery intermingled, and “delves ” to furnish ore for 
these primitive smelting-works, occur at Birtley and elsewhere. A remarkable 
conical tumulus, 30 feet high and 100 paces in circumference, exists near Gun- 
nerton, called the Money Hill. Many smaller barrows, in one of which a cist-vaen 
was found, have been noticed, and several flint arrow-heads and iron spear-heads 
have been ploughed up in this district. 

These vestiges were shown to be most probably Celtic, and of pre-Roman date 
the present state of the North-American Indians illustrating very nearly the social 
life of the Gadeni Celts. 


On Routes between India and China. By Captain Hennprrson. 


The paper treated of some proposed overland and river routes between British 
India and Western China for emigration and trade. These routes are to be opened 
out by the general system of tug- and tow-boate of the native type, to be established 
in Eastern Bengal and British Burmah, and have for their object to open the coal- 
fields of Assam and Silhet in connexion with the Eastern Bengel Railway, and to 
extend the traffic of the Calcutta and South-eastern Railway to Burmah and 
China, vid the River Irawaddy and ite tributaries at Bamu, under the recent 
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treaty with the King of Burmah. The author stated that the large consumption 
and Sontinual exhaustion of coal in England and America had induced him to 
bring before them the coal-supply of India, which at the present juncture was a 
uestion of vital importance as to the financial position of our railways there—Sir 

harles Wood having recently guaranteed the East Indian Auxiliary Railway for 
the provision of cheap coal from the Kurhurballee fields south of the Ganges, 
while the'working of the Assam coal-fields is a matter of greater moment, as it 
would facilitate the project of overland communication between Western China 
and British India, and not only extend trade, but induce emigration to eastem 
Bengal and British Burmah, which provinces have an area of nearly 200,000 
square miles, and a population less than 4,000,000. The Oriental Inland Com- 
pany, after spending a large portion of their capital in triala, now admitted that 
he train-system was a failure. The author had persevered in experiments to 
render his system a perfect one, and some recent improvements in boilers exd 
condensers would enable him to establish a cheap mode of transit by tug- and tow- 
- hoats of native type. The paper was accompanied by appendices and diagrams ex- 
planatory of the nautilus-flotilla system of boats advocated by the author; and it 
atated that by their adoption Assam coal could be brought to Kooshtee at two- 
thirds of the present price of that brought from Calcutta, and at one-fourth of 
its cost in the upper part of the Burhampooter. 


On his Exploration of certain Affluents of the Nile. By Baron von Heverm. 


On some Old Maps of Africa, placing the Central Equatorial Lakes (especially 
Nyanza and Tanganyika) nearly in their true positions. By Joun Hoes, 
M.A., F.RS., FRGS., fe. 


The author described in this paper some old maps of Africa, in each of which 
one of the central lakes of Equatorial Africa is laid down nearly in its exact position. 
The frst of the maps mentioned is one of the 16th century, which is preserved, 
according to Sir R. I. Murchison, in the College de Pro da Fide at Rome Iq 
it the Nile is delineated as flowing out of an equatorial lake; and it was probably 
in part derived from that by Diafar Ben Musa in a.p. 833. 
. Inthis Arabic map the Nile is laid down as issuing from a lake upon the equator, 
named Aura Kavar. 

The next map is that of Africa, by John Senex, F.R.S. Geographer to Queen 
Anne, and which he dedicated to “Sir Isaac Newton, Kt, President of the Royal 
Society, and Master of Her Majesty’s Mint,” about 150 years ago. 

In it is placed, in about 1° of latitude from the equator, southwards, a large lake 
of much the same form as the Lake Nyanza, and extending to near 3° gouth lat 
The 35th meridian of east longitude intersecta about one-third of its west por- 
tion, instead of dividing it at about one-third of its east side. Senex says, “ This 
great lake is placed there by the report of the negroes.” But the same able car- 
tographer has placed, in his ‘ of the World,’ the “great lake (Nyanza) oy 
report of the Caffres,” nearer to the equator, and in about 33° east long., whic 
is a much more accurate position than that given in his former map. 

The fifth map of Africa is a small one, published in 1811, by Walker, in his 
‘Universal Atlas.’ This, omitting the former equatorial lake, or the Nyanza, ex- 
hibits a very long and narrow lake, called “ Lake of Zambre.” It presenta, upon the 
whole, much of the shape of the Lake Zanganytka, ita north extremity being placed 
at about 3° of south lat., and ita east position in the meridian of 31° (or neally 80) 
of east long. It will be seen that Walker has only misplaced the Lake Zambre, 
or Tanganyika, by one degree of longitude—a singular coincidence, when we re- 
member the date of its execution, more than fifty years aince. 

Another lake, the Maravi, or N ‘et called by some Zambesi, is given in a sixth 
map, also exhibited, which is by Lizars, at Edinburgh, in 1815; but with remark- 
able carelessness, or probably scepticism, it omits altogether the éwo former greet 

uaterial lakes. 

fence, inasmuch as each of these threes maps only places a single and a different 
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lake, it is necessary to have all the éhree to constitute a more accurate map of that 
portion of Africa. 

Next, Mr. Hogg showed that the best geographers, including Herodotus and 
Ptolemy, considered the Waite river, or the western branch, as the true Nile. 
And he then produced two more ancient maps, taken from two early Latin trans- 
lations and editions of the latter geographer, wherein the “ Nili Paludes,” or lakes, 
with the Mountains of the Moon (Montes Lune) as their origin, are differently laid 
down: one was published at Rome, with an atlas, in a.p. 1478, and the other at 
Bale in 1642. The earliest of these two maps represents a third large branch of 
the Nile, which it calls “Astapus fluvius,” flowing from the S.F., and having its 
source in a small lake, which 1s bisected by the equinoctial line. Under this is 
written “Coloa Palus.” Since the Lake Coloa, or Caloé, is clearly identified with 
the lake now termed Dembea, this river must answer to the Bahr el Azrek, the 
Azure or Blue River; ita geographical position, therefore, is assigned far too 
much to the south. 

Mr. Hogg also described Seneca’s account of the two officers sent by Nero Ceesar to 
find out the “Caput Nili,” and which was narrated by them in the presence of that 
contemporary writer; and he conceived that the Nile which those officers explored 
was the west branch, or Bahr el Abiad, by reason of the vast quantity of ‘‘implicites 
aquis herbw” still existing there and in the Bahr el Ghazal; and he her 
thought that the “ duas petras, ex quibus ingens vis fluminis excidebat,”’ would 
seem to indicate the Karuma Falls, where the two Roman officers terminated their 
exploration, but which the two English officers, Captains Speke and Grant, have 
now so successfully completed, and by gallantly following that branch to its entrance 
into the Mediterranean Sea, have proved it to be the true Nile. 


On Anthropological Classification. By Dr. Jamus Hunt, F.S.A. 


After the author had given a short outline of the nature of the subject, in which 
he stated that the origin of man belongs entirely to mythical times, and is a ques- 
tion which could not be solved by human experience, he proposed merely to classify 
man as he now exists, or as he has existed since the historical period, without 
reference tu those distinctions being absolutely original. The scope of the present, 
paper was to inquire whether these physical ifferences were so well marked as to 
serve as the basis of classification. He reviewed the classifications of Ephorus of 
Cuma, Buffon, Linnseus, Gmelin, Herder, Voltaire, Blumenbach, Lacépéde, Du- 
méril, Maltebrun, Cuvier, Virey, Hunter, Lawrence, Metzan, Bory, Desmoulins, 
Prichard, Lesson, Fischer, Morton, Latham, Hombron, J. sequinot, D'Omalius 
d’Halloy, Pickering, Burke, Knox, Agassiz, Crawfurd, and Isidore Geoffroy St.- 
Hilaire, and offered critical remarke on each system. The multiplicity of the 
systems at present in vogue is a suflicient refutation of the truth of most of them. 

he author considered that anatomy and physiology were the primary sources 
whence an adequate knowledge of the principles of anthropological classification 
could be derived. Language is no test of race. He laid great stress upon the form 
of the cranium as the most convenient and certain distinctive mark, and spoke with 
t approval of the ternary classification adopted by Gratiolet, who divides man- 
Kind into the frontal (European), parietal ( Mongol), and occipital (N eg) races— 
these cranial distinctions being coincident with the mental and moral characters 
which were solely dependent on man’s physical structure. Other secondary phy- 
sical characters could also be used with advantage; and the author especially 
alluded to the classifications which might be based upon colour, stature, hair and 
beard, longevity, diseases, temperaments, odour, entozoa, and other subsidiary points 
of distinction. The degree of intelligence was the chief character distinguishing 
man from the inferior animals. If a classifier of the negroes of the West Indies 
were to use lan alone as a criterion, he would classify them under the head 
of Europeans, with whom their acquired language is identical; their physical cha- 
racters alone mark them as African. The author considered that language must 
be utterly discarded as the first principle of anthropological classification. He gave 
a far higher value to religion and to art, considering merely as the third 
element. That there are well-marked physical, mental, and moral distinctions in 
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mankind is as well-ascertained a fact as that there are differences in the orang and 
the chimpanzee. We must, therefore, classify mankind according to the physical 
and psychological differences which now exist; for the present state of anthropology 
will not enable us to say how and when these distinctions have originated. 


On the Physucal and Mental Characters of the Negro. 
By Dr. James Hunt, F.S.A. 


The object of the paper was to determine the position which one well-defined 
race occupies in the genus Homo, and the relation or analogy which the n race 
bears to animated nature generally. The skin and hair are by no means the only 
things which distinguish the negro from the European, even physically; and the 
difference is greater still mentally and morally. The skeleton of the negro is 

nerally heavier, and the bones are larger and thicker, in proportion to the muscles, 

an those of the European. The thorax is compressed ; the leg is lo than in 
Europeans, but is made to look shorter on account of the ankle being only between 
1} in. to 14 in. above the ground; the heel is both flat and long. Burmeister has 
pointed out the resemblance of the foot and the position of the toes of the negro to 
that of the ape; and many observers have noticed that some negroes frequently 
used the great toe asa thumb. The hairis essentially different; and the voice re- 
sembles sometimes the alto of a eunuch—there being » peculiarity about it by which 
it can always be distinguished. The assertion that the negro only requires an oppor- 
tunity for becoming civilized was stated to be disproved by history. The Abtcan 
race have had the benefit of the tian, Carthaginian, and Roman civilization, but 
nowhere did they become civilized. The many cases of civilized blacks are not pure 
negroes ; but, in nearly every case where they had become men of mark, they had 
European blood in their veins. In the West Indian Islands it has frequently been 
observed that all the negroes in places of trust which require intelligence have 
European features. Negro children are precocious; but no advance in education 
can be made after they arrive at the age of puberty; they still continue mentally 
children. After citing authorities to prove the low psychological character of 
the negro, the paper continued :—“ We now know it to be a patent fact that there 
are races existing which have no history, and that the negro is one of these races. 
From the most remote antiquity, the negro race seem to have been what they now 
are.” The author could see no evidence to support the opinion of some writers 
that the negro had degenerated from some higher form of civilization. The 
general deductions he would make were—first, that there is as good reason for 
classifying the negro as a distinct species from the European as there is for i 
the ass a distinct species from the zebra; secondly, that the negro is inferior intel- 
lectually to the European; thirdly, that the analogies are far more numerous be- 
tween the negro and the ape than between the European and the ape. There was 
in the negro that assemb. of evidence which would induce an unbiassed observer 
to make the European and negro two distinct species. 


Some Facts respecting the Great Lakes of North America. By J. A, Lapnam. 


On the Extinction of Races. By R. Lx. 


The author gave statistics showing the rate of éxtinction of the various tribes 
which have given way to modern civilization. He stated that it might be sug- 
ted as an almost abstract question for discussion whether the disappearance 
of the aboriginal tribes might be taken as a type of what might happen at a future 
riod of the world’s history, when the present population shall have given place 
to an order of beings superior to the now dominant race of mankind. was 
now the centre from which this flood of civilized life was overspreading the 
and our own Anglo-Saxon race contributed one of the chief elements of that civili- 
zation. It might be the lot of nations now springing into existence at the antipodes 
to outstrip her in the pursuit of knowledge, and, when ages shall have 
away, to supply a nobler race and a more perfect humanity to the lands which 
sow rank foremost in civilization. Vi as a bare fact, and taking it in con- 


TRANSACTIONS OF THE SECTIONS. 141 


nexion with what we knew of the previous history of man, there was nothing in 
the extinction of races to justify us in regarding it as a type of anything to fol- 
low at some future period. The man who now wanders free through the unknown 
wilds of Australia had not only not advanced in moral development since the 
formation of his species, but he had actually retrograded. We must, therefore, 
regard this extinction of races rather as an illustration of humanity in its crudest 
form shrinking and passing away before a race endowed with superior intel- 


ligence 
On the recent Discovery of Lacustrine Human Habitations in Wigtonshire. 
By Lord Lovatne. 


Dowalton Loch, in which the structures about to be described were discovered, 
is a sheet of water of very irregular form, about two miles long and half a mile 
broad, situated in Wigtonshire, on the west coast of Scotland, at the end of a 
narrow valley five miles in extent, the whole of which is occupied by a moas, part 
of whose waters flow into the loch, and the remainder into the sea near Monreith ; 
the elevation of the watershed near the middle of the valley being almost imper- 
ceptible. Sir William Maxwell, of Monreith, has effected the drainage of this loch 
at his own heavy expense, to the great benefit of his neighbours as well as himself, 
by a cutting at its southern extremity of no leas than 26 feet deep, for a considerable 
distance through the wall of whinstone and slate that closes the valley. The 
water having been partially drawn off, the bed of the loch exhibits the appearance 
of an immense sheet of mud, surrounded by beaches of different elevations, covered 
with | rolled stones and angular blocks of slate. It contains a few small islets, 
com , apparently, of the same materials as the beaches. Sir W. Maxwell, 
having heard that a bronze vessel had been found in the mud near the southern 
shore, succeeded in obtaining it, but could not trace other articles of the same 
description reported to have been found near it. On visiting the spot, 19th of 
A t, 1863, to obtain further information, I observed some timbers standing on 
an island near the centre of the loch, and was told that some one had been there in 
a boat when it first appeared above water, and had found bones, a small granite 
quern, and piles; and 8 spot was pointed out to me at the extremity of one of the 
little promontories, where similar piles were observable, which, on inspection, I 
found to be true. These piles varied from a foot to eighteen inches in circumference. 
Sir W. Maxwell’s bailift Mr. Chalmers, who displayed great zeal and intelligence 
throughout these researches, having proceeded to the spot to secure labourers for 
the next day’s search, reported that, t ough it was not possible to reach the larger 
island, a smaller one was accessible, and that a canoe lay near it. Onreaching the 
island, over about 40 yards of mud, I found it nearly circular, about 38 yards in 
circumference and 13 in diameter. It was elevated about 5} feet above the mud, 
and on each side of it were two patches of stone, nearly touching it. On the north 
side of it lay a canoe of oak, between the two patches, and surrounded by piles, the 
heads just appearing above the surface of the mud; it was 24 feet long, 4 feet 
2 inches brow in the middle, and 7 inches deep, the thickness of the bottom being 
2 inches. On removing the stones which covered the surface, several teeth, appa- 
rently of swine and oxen, were found; and I proceeded to cut a trench round the 
islet; and upon coming to the southern end, a small quantity of ashes were turned 
up, in which were teeth and burnt bones, a piece of a fine earthenware armlet of a 
yellow colour, and a large broken earthenware bead, striped blue and white, together 
with a small metal ornament, apparently gilt; two other pieces of an armlet of the 
same material, one striped with blue and white, were also found on the surface. On 
cutting deeper into the structure (the foregoing objects having been found on the 
outside about 2 feet from the top), it proved to be wholly artificial, resting on the 
soft bottom of the loch ; the uppermost layer was a mass of brushwood about 2 feet 
thick; beneath it large branches and stems of small trees, mostly hazel and birch, 
mingled with large stones, evidently added to compress the mass; below that 
were layers of heather and brushwood, intermingled with stones and soil, the whole 
resting upon a bed of fern about 1 foot thick, which appeared in all the structures 
examined to form the foundation. The whole mass was pinned together by piles 
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and stakes of oak and willow, some of them driven 2} feet into the bottom of the 
loch, similar to those above mentioned. The ialet was surrounded by an immense 
number of these, extending to a distance of 20 yards around it; and the masses of 
stone, which apparently were meant to act as breakwaters, were laid amongst them. 
The one next examined stood about 60 yards off, at the extremity of a .pro- 
jection into the loch, but separated from it by the now hardened mud. It was 
amaller, and the layers were not so distinctly marked, and some of the timbers in- 
serted in it under the first layer of brushwood were larger, and either split or cat 
toa face. A stake with two holes bored in it about the size of a , & thin 
piece of wood in which mortises had been cut, and a sort of box, the interior of 
which was about 6 inches cube, with a ledge to receive the cover, very rudely cut 
out of a block of wood, were found. I succeeded two days afterwards in reaching 
the t islet in a boat. It appeared by measurement to be 3 feet below the 
level of the other islets; but it was much larger, and several depressions on its 
surface showed that it had sunk. Wherever the soil was not covered with stones 
and silt, teeth were scattered all over it. We found quantities of bones at different 
depths in the mass, but always below the upper layer of faggots, and towards the 
outside. The progress of the excavation was very soon stopped by the oozing in of 
the water; but a workman, Plunging his arm up to the shoulder into the soft mate- 
rial, brought up handfuls of the fern layer, mingled with sticks and hasel-nuts and 
large bones, believed to be those of oxen. Near the spot lumps of sand and stone, 
fused together, were picked up. On the south side of the island extraordinary pains 
had been taken to secure the structure: heavy slabs of oak, 5 feet long, 2 feet wide 
and 2 inches thick, were laid one upon another in a sloping direction, bol 
together by stakes inserted in mortises 8 inches by 10 inches in size, and connected 
by squared pieces of timber 8 feet 8 inches in length. Itextended to the length of 
23 yards, and its base, about 5 yards beyond the surface of the mud, was formed of 
stems of trees laid horizontally, and secured by stakes. In other respects the forma- 
tion resembled that of the other islet, but it was far larger, measuring 100 
round by about 36 yards across. No building of any sort was discovered ; but 8 
large plank of oak, 12 feet long, 14 inches broad, and 7 inches thick, lay covered 
with stones on the north side. The sinking of the mud had by this time laid bare 
a second canoe between the islet first examined and the shore; it was 18} feet 
long, 2 feet 7 inches wide, and barely 2 inches deep; a block of wood, cut to fit s 
hole left probably by a rotten branch, was inserted in the side, 2 feet long, 7 inches 
wide, and 5} inches thick, and had there been secured by pegs driven through the 
side ; across the stern was cut a deep groove to admit a ard ; a hole 2 inches 
in diameter was bored at about one-third of the length of both canoes in the 
bottom. This was so rotten that it would not bear my weight withont breaking. 
The next day, being unable to reach the last-mentioned island, I found upon the 
spot which had been indicated to me on my first inquiry, no less than six struc- 
tures similar to those before described, in a semicircle. They were, however, much 
smaller, apparently single dwellings. Though upon some of them charred wood 
was found, nothing else was discovered except a mortised piece of timber, which 
might have drifted there; and in one inserted under the upper layer of brushwood, 
& large oak timber, measuring 8 feet jong by 8 feet in circumference. oat 
these investigations, no tool or weapon of any sort has come to light. In the 
layers the leaves and nuts were perfectly fresh and distinct, and the bark was 9 
plainly distinguishable on the stems and timber as on the day they were laid down, 
as were also the heather and the fern. It is difficult to conjecture the state of the 
loch when these edifices were formed, and whether or not they were completed st 
one period. The finding of the lange atones in the lower layer of ferns might lead 
to the belief that they were gradually raised as the waters of the loch increased; 
and the necessity of strengthening them by breakwaters would seem to prove thst 
the loch must have risen considerably before they were abandoned. No other sort 
of building has been discovered on them; but the great number of teeth scattered 
over the surface of the larger island, and even on the mud surrounding, and the 
immense expenditure of labour indicated in the shaping and hewing of the large 
timber with tools, which must have been, from the work produced, of the rudest 
description, betoken apparently a considerable population. The loch must hare 
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remained for a considerable period at each of the different levels before mentioned ; 
at one time 6 or 7 feet above ite last level (that is, before ite drainage was effected), 
to which it was reduced by three cuts made to feed neighbouring mills, one cer- 
tainly of great antiquity. At 3} feet below the ordinary level there are unmistake- 
able appearances of a former beach, with which the top of the first-mentioned islet 
almost exactly coincides. It is remarkable that though there are many rocky 
eminences in the bed of the loch, none bear token of ever having been used. for the 
erection of these dwellings, which seem invariably to have been based upon the 
soft bottom of the loch, where the intervening mud and water may have afforded 
the inhabitants a greater security from attacks from the shore. 1 had not time 
to examine fully the shores of the loch; but I was assured by Mr. Chalmers 
that he had examined them carefully without finding traces of other structures, 
On a hill to the south there are remains of a Danish fort * (¢. ¢. a circular entrench- 
ment), and the very ancient ruin called Long Castle is on an adjacent promontory 
on the north side. Since writing the above, a very old man in Sir William Max- 
‘well’s service told me that in clearing out a channel between a small wooded island 
in Myston Loch, close to Monreith House and the beach, he remembers there being 
found layers of timbers, piles, and flat stones laid in circles. I have also obtain 
from a farmer living near Ravenstone Moss « paddle of black oak, 3 feet long, 14 
inches broad, and 1 inch thick, which, with four or five others, he had found in 
that moss, lying close to a mass of timbers about 6 feet from the surface ; this, I 
have every reason to believe, formed part of a structure similar to those described. 
I should have mentioned that, though retaining its shape, the timber is for the 
most part compretely decayed, except where it has been protected from the action 
of the mud. walton Loch lies one mile to the left of the high road, halfway 
between Wigton and Port William. The name of the loch is probably derived from 
the Macdowals, formerly lords of this part of the country, and possibly of Insh 
origin, constant communications with the north of Ireland having taken place from 
the earliest Reriod. Sir William Maxwell suggests as an easy explanation of the 
different levels found in the loch, that the waters originally disch themselves 
into the sea from the western end of the valley, a portion of them only now finding 
an exit that way, in consequence of the formation of the moas towards the centre 
of the valley, which compelled the remainder to flow into the loch. In this case 
the structures must be sup to have been formed in the early stages of the 
growth of the moss, whilst the loch was so shallow as to make it easy to raise the 
moss above its waters, and yet deep enough to float canoes, and afford the desired 
security from an enemy. 


On Two Ascents of the Volcano of Misti. By the Hon. R. Mansnam. 


On his Travels towards the Sources of the Nile. By Signor Mxani. 


M. Miani indicated some trifling matters in which he asserted that the geo- 

phy of the explorers was at fault, and concluded by expressing a hope that the 

Srepevor of Austria would grant him money to make another expedition to ascer- 
tain whether he or they were wrong. 


On the Tribes, Trade, and Resources around the Shore-line of the Persian Gulf. 
By Colonel Petry. 


On the Antiquities of the Orkneys. By G. Purriz. 


Proposed Interoceanic and International Transit Route through Central 
America. By Captain Beprozp Pm, RN. 
It is with peculiar pleasure that I introduce my present subject to your notice, 
because I y believe that the result of the labours of myself and my com- 
® This has subsequently proved, on closer investigation, to be decidedly Roman. A 
Roman bua in bronze has also been picked up on the larger islet. 
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panions during the explorations in Central America, from which we have just 
returned, will not alone prove interesting as additions to our phical know- 
ledge, but be the means of conferring happiness upon hundreds of thousands of our 
fellow-countrymen at the antipodes, of vastly increasing and directing the flow of 
commerce from the great producing countries of the Pacific into lish channels, 
and, furthermore, of offering to our energy and eapital a new field of enterprise 
of boundless extent and inexhaustible resources. 

I propose to discuss my subject under two heads, viz. :—1. The physical aspect 
of Central America; 2. The great political and commercial importance of a rail- 
road transit across it. 

In defining the boundaries of Central America, I do not restrict myself to thst 
part commonly called the Isthmus of Panama, but include the entire country, from 
the first narrowing of North America at Tehuantepec to its final expansion into 
South America at Darien. This lange extent of country, the centre of the New 
World, is included between the 7th and 18th parallels of north latitude and the 
77th and 94th meridians of west longitude. There are no less than four i 
or isthmuses within the above boundaries, the narrowest of which, in lat. 9° noreh 
and long. 79° west, is only 27 miles across, while the broadest is not 200 miles from 
ocean to ocean. The extent of the coast-line, counting all its sinuositiesa, is 3000 
miles, the length from end to end about 1350 in a direction N.W. and S.E_., and the 
area 306,000 square miles, or about the size of England and France. The population 
is about 2 850,000, or an average of rather more than nine to the square mile. 

The climate of Central America is equable. There are two seasons, the wet and 
dry, oF summer and winter. 

e maximum range of the thermometer in the interior of Nicaragua, the 
central state or republic, is about 90°; the temperature in the dry season is much 
cooler, and often quite chally 5 but the following observations will give some ides 
of the atmospherical laws by which the climate is governed. Annual rain-fall 
07:7 inches 5 ‘rain fell 138 days; menn highest temp., 86°; lowest, 71°; yearly 
average, 77°. 

The prevailing type of disease is a low intermittent fever; but that the general 
healthiness of the country is above the average in the tropics is proved by the 
vigorous old age of the inhabitants and the small percentage of deaths amongst 
the residents. The more violent forms of disease have never been experienced, 
and yellow fever is unknown. 

- The general aspect and scenery of Central America is most varied, and perhaps, 
on the whole, unrivalled in the world. The Atlantic coast-line is for the most 
art low, and fringed with primeval forests; magnificent rivers, coming from the 
interior, empty themselves into the Caribbean Sea, and these again are inter- 
sected near their mouths by extensive lagoons, forming an interior navigation, 
close to the shore, for many hundreds of miles, and offering the greatest facilities 
for the growth and export of cotton of any locality I have ever visited. 

Inland, nature has been prodigal of ner hoes and has put on her grandest forms. 
Towering mountains and volcanos, magnificent savannas, level plains, and beauti- 
ful lakes, dotted with the most romantic islands, the whole combined with a 
fertility of soil and salubrity of climate unsurpassed in the tropics. 

Of its manifold productions those best known are precious metals, cochineal, 
indigo, sarsaparilla, vanilla, india rubber, balsam, copal, cotton, copaiba, cocoa, 
coffee, tobacco, hides, mahogany, cedar, live oak, several dyewoods, pitch-pine, 
containing a large quantity of tar, lignurh vite, cascarilla, a great variety of hard 
woods, silk-grass, tortoise shell, &c. 

In short, from its geographical position, climate, and inexhaustible natural 
wealth, Central America may safely be looked upon as offering to enterprise the 
most desirable field in the world. 

The above is a brief sketch of the centre of the New World under its physical 
aspect. It remains to point out in what manner so promising a country may be 
utilized. I propose, by the construction of a transit by railroad from the Atlantic 
to the Pacific Ocean, through the heart of the central state, or rather republic, of 
Nicaragua, to open up the entire country; and I am anxious to make this transit a 
great highway of nations for all the world. 
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The political necesaity of such a route is proved beyond cavil or dispute by the 
following words of the Duke of Newcastle, Colonial Secretary, spoken from his 
place in the House of Lords, session 1862 :—‘A short time back, when there was 
an apprehension of hostilities with the United States ine Trent affair), he was 
unable to communicate with the Governor of British Columbia for the space of 
six weeks, there being the possible chance of any dispatches sent wd Panama 
falling into hostile hands.” 

At present the only means of crossing from the Atlantic to the Pacific is by the 
Panama Railroad, which is essentially an American undertaking, and exclusively 
devoted to the interests of the United States. 

The speech above points out the sort of political paralysis our statesmen are 
liable to while this state of affairs continues, and it is unfortunately only too easy 
to prove that our merchants trading with that part of the world are liable at any 
moment to a similar commercial paralysis, which it might not be so easy to recover 
from ; indeed the blow might have been dealt long before this, had not the fearful 
war and dismemberment of the United States fully occupied the attention of its 
citizens. 

With regard to the Great Transit Route I have proposed, it is right that I should 
just sketch its rise and progress. 

In 1859-60 I was stationed on the coast of Central America (Atlantic side), as 
senior naval officer in command of H. M. S. ‘Gorgon,’ and then first conceived 
the idea of a transit through Nicaragua. The nature of the service I was at that 
time employed upon precluded the possibility of any elaborate survey or explora- 
tions; but all my investigations went to prove the practicahility-of my project, and 
subsequently, after payiug off the ‘Gorgon,’ I was enabled to go thoroughly into 
the matter. I have now just returned from Nicaragua, and am happy to say that 
my surveys and sections prove beyond doubt the practicability of a railroad from 
ocean to ocean, with good harbours at each terminus, and facilities in other respects 
for opening a great highway of nations such as I believe no other interoceanic 
project has yet offered. 

The route starts from a headland on the Atlantic, called Monkey Point, thirty 
miles north of Greytown, runs in a westerly direction to San Miguelito on the Lake 
Nicaragua, skirts the northern side of that lake, crosses the River Tipitapa, and 
following the south side of Lake Managua, passes through the city of Leon, and 
finally terminates at Realejo on the Pacific. 

The construction of such a railroad across Nicaragua would open up the finest 
cotton country in the world, formed by nature for the cultivation of the plant, and 
enjoying a geographical position in close proximity to the best market. The rail- 
road transit, while it would make England independent of the American monopoly 
at Panama, would shorten the route to British Columbia by several days, open up 
the Japanese trade, and bring us within forty-five days of Australia and forty-one 
of New Zealand, thereby knitting those colonies, and securing their commerce to the 
mother country more firmly than ever. 

We have every encouragement to proceed. See what the Suez line has done for 
India ; it has brought that country much closer to England, and afforded the best 

srantee for its future prosperity and permanent connexion. For instance, in 

861, 759 miles of railroad were made, and 747 in 1862,—that, too, in a country 
where it was previously demonstrated to be an impossibility to construct railroads, 
owing to the monsoons, the crumbly soil, the rapid vegetation, the white ant, the 
heat, the poverty of the inhabitants, the want of labour, the idleness of the poor, 
and the lassitude of the rich. 

Eastern Australia, New Zealand, and our North Pacific colonies are now calling 
loudly upon us to treat them at least as well as our adopted Indian children. We 
are bound by every law to doso. The opportunity of knitting these colonies to us, 
and making them as profitable as India, is doubtless offered, by opening a speedy 
means of transit between them and us. Suezis an example; let us read the lesson 
right, and no longer persist, by a suicidal apathy, in estranging from us such loyal 
fellow-subjects and good customers. 
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On the Marganza. By the Rev. J. L. Procror. 


On the Opening of a Cist of the Stone Age near the Coast of the Moray Firth. 
By E. Roserts and Prof. Busx, F.R.S. 

Mr. Roberts said that, in company with his friends Dr. Gordon and Mr. Harvey 
Gem, he had lately visited two mounds situated upon the sandy shores at Bannat 
Hill, a mile from Burghead ; and after examining their contents, they turned their 
attention to the small cairns of rudely piled stones which lie a few yards from one 
of the shell-middens, and which evidently marked the burial-places of the tribe. 
Two of these were piled around small enclosed s formed by the junction of 
four upright stones. A fragment of human jaw lying on the sand outside one of 
those led them to search among its contents for other bones, but unsuccessfully. 
The second cairn, however, with its central cist, yielded better evidence. This, 
like the neighbouring tomb, was a rude erection of four flat sandstone-slabs, placed 
vertically, 80 as to enclose a space 30 inches long by 20 inches in width. The 
depth of the stone, which nearly corresponded with that of the grave, was 22 inches 
Three of the stones had been sli ily smoothed before being used. The direction 
of this grave was 8.S.E. by N.N. This, however, was of no moment, asa the 
adjoining one differed so much in this respect as to lie at nearly right angles to it 
The cavity thus formed was filled with sand, into which they dug, and presently 
succeeded in discovering a skeleton, which had apparently been buried in a crouch- 
ing position, the legs below the knee being bent beneath the hams, and the head 
bowed towards the knees, and presenting peculiarities which Mr. Busk had described 
in a note attached to the paper. From the position of the skeleton Mr. Roberta 
was at first inclined to consider that the cist never been broken into, but the 
absence of some few of the vertebres and of the smaller bones rendered this some- 
what uncertain, though the disturbance, whether from curiosity or another motive, 
seemed to have been insignificant. He regretted, however, to add, that the box in 
which he packed the bones was tampered with during its transit from Elgin to Lon- 
don, and some of the bones, including the lower jaw, from which precious evidence 
might have been obtained bearing on the Moulin-Quignon enigma, never reached 
him. No pottery nor fashioned stones accompanied the skeleton. The note by 
Professor Busk was to the effect that the bones had belonged apparently to a young 
individual, about 5 feet 8 or 9 inches in height, of slight make, and no great 
muscular development. At first sight, from the comparative delicacy of form and 
want of muscular impressions, one would be inclined to regard them as those of a 
woman, but, if so, she must have been of more than the usual stature. Unfortu- 
nately, no part of the pelvis, which would enable a correct judgment as to this 

oint to be formed, was found among the remains. If they were a man’s, he must 
fave been of small size, and not of a strong build, with a remarkably small head for 
a male. The cranium was decidedly brachycephalic, the proportion of length to 
breadth being as 1-00 to °823, and for its size rather un y high, the proportion 
of that dimension being to the vength as ‘808 to 1:00. The forehead was narrow, 
and the supraorbital ridges very s ightly projecting, although the frontal sinuses 
were well developed. Compared with other ancient crania, this might be 
as belonging to the same class as those which had been considered as appertaiming 
to the stone-period of the North of Europe. 


On the Physical Geography of Guatemala. By O. Sarvin. 
On Ethnographical Casts. By Hermann ScHiaeintweit. 


On the Ethnology of Ceylon, referring especially to its Singalese and Tamil 
Inhatitants. By Mvcrvu Coomana Swamy. 

The author commenced by saying that the population of Ceylon was nearly 
three millions, and that its inhabitants, who were distributed among a great variety 
of races, might be classified under the heads of European, Asiatic, and Eurasian. 
The European population was not great, and consisted chiefly of English, Irs, 
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and Scotch emigrants, employed in the civil and military service or on the plan- 
tations. The Asiatics of Ceylon are the Veddahs, the Singalese, the Tamils, the 
Moors, and the Malays. The Veddahs are hunters, and are supposed to be the 
aborigines of the island. The Tamils of Ceylon belong to the same race as the 
Tamils of Southern India, and consist either of those who have been on the island 
for centuries or who are recent emigrants. They are to be chiefly found in the 
north-east portion of the island, and their two great capitals are Jaffna and Trin- 
comala, eir main occupation is agricultural. The coolies are the labourers of 
the island. They cross over in large numbers from the continent during the coffee- 
season. The Singalese are the inhabitants proper of Ceylon, and range themselves 
under the heads of Kandians, low-country Singalese, and Rhodiahs. The Kan- 
dians are the inhabitants of the hill-country, and are a hardy robust race, never 
till recently intermingling with their low-country brethren. Their language is 
made up of three component parts — Elu (a Singalese pure) , the Pali, and the 
Sanskrit. They possess an extensive literature, and their religion is Bhuddism. 
The low-country Singalese are either Buddhists, Roman Catholics, or Protestants. 
The influence of Roman Catholicism is very great, and the people are divided into 
classes after their occupations. The Malay population of the island is small, and 
the inhabitants form the Ceylon Rifle Regiment. They are faithful soldiers, 
brave and obedient; and in their religion thorough Mahommedans. The Moors 
are the small traders and shopkeepers of the island. 


On the Anatomical Characters of the Skull found by Mr. Duckworth. 
By Wriitram Turner, M.B., F.RS.E. 


A. description of the form and general characters of this cranium was given, one 
of the most interesting features connected with it being its resemblance to the 
much-discussed “ Engis” skull, of which it might almost be considered to be a 
reduced copy. 


On the Varieties of Men in the Malay Archipelago. 
By Aurrep R. Waruace, F.R.G.S. 


In the Malay Archipelago are found two very strongly contrasted races—the 
Malays and the Papuans. The former inhabit the great western islands, Su- 
matra, Java, Borneo, and Celebes; the latter New Guinea and the adjacent 
small islands. The typical Malays are of a light brown colour, resembling cinna- 
mon or lightly roasted coffee ; they have constantly straight black and rather coarse 
hair, little or no beard, and generally smooth hvirless “bodies : they are of a low 
stature, rather strongly made, with short thick feet and small delicate hands. 
The face is broad, the eyebrows flat, the nose small, well-formed, with the nostrils 
somewhat exposed ; the lips broad and well cut, the mouth | but not project 
ing. In character the Malay is impassive, reserved, and bashful. His feelings of 
surprise, admiration, or fear are not readily manifested, and he has little appre- 
ciation of the sublime or beautiful. He is somewhat taciturn, is deliberate when 
he speaks; he but seldom laughs, nor does he openly express his gratitude for a 
favour. He revenges an insult more quickly than an injury. He is honest and 
trustworthy in many matters, but prides himself upon his capacity for lying. His 
intellect is but mediocre; he is deficient in the energy necessary to acquire know- 
ledge, and his mind seems incapabje of following out any more than the simplest 
combinations of ideas. He is quick in acquiring mechanical arte, and therefore 
makes a good servant for simple routine duties. 

The Papuan is, in many respects, the opposite of the Malay. In colour he is a 
deep sooty brown or black; his hair is very peculiar, being harsh, ary, and frizzly, 
growing in little tufts, which in youth are short and compact, but which in adulta 
often grow out so as to form a com frizzly mop, nearly a yard in diameter. He 
is bearded, and his arms, legs, and breast are more or legs hairy. The Papuan is 
taller than the Malay, and, perhaps, equal to the ave of Europeans ; the face is 
elongate, and the hands and feet rather | ; the forehead is flat, the brows very 
prominent, the nose large, long, and arched, with the nostrils hidden by the over- 

ging tip. The face has thus a Semitic character, which is percept le even in 
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the children. The moral characteristics of the Papuan separate him widely from 
the Malay. Ile is impulsive and demonstrative in speech and action. His emo- 
tions and passions are expressed in shouts and laughter, in yells and frantic leap- 
ings. He is noisy and boisterous in speech and action, both at home and before 
strangers. Of his intellect less is known, but it seems at least equal and probabls 
superior to that of the Malay. He has a love of art, decorating his canoe, his 
house, and almost every domestic article with elaborate ing. It most be 
Branted, therefore, that these two races are most strong! contrasted ; and if man- 
ind can be classed at all in distinct varieties, the alay and the Papuan mot 
certainly be kept separate. Besides these well-marked races are the inhabitant: 
of the intermediate islands of the Moluccas and Timor, which, though differing in 
some degree from both, may yet, in almost every case, be classed with one or the 
other of them. The Negritos of the Philippines, and the Semangs of Malacca, 
differ in most important characters from the Papuan races, with which they have 
hitherto been classed, and must be considered to have Asiatic rather than Poly- 
nesian affinities. The recent evidence of the antiquity of man, and his having 
survived geological changes and the extinction of many species of Mammalis, 
introduces a new element into ethnographical researches, and enables us to specu- 
late more freely on the derivation and origin of races. Mr. Darwin’s researches on 
the structure and origin of the coral-reefs of the Pacific render it highly probable 
that great islands, or even continents, have recently sunk beneath its waters. The 
present distribution of animals in the Pacific islands leads us to conclude that this 
subsidence is geologically recent. The inhabitants of all the Pacitic islands, 2 
far west as New Guinea and Australia, have much in common, while they differ 
greatly from other races. Combining these facts, and boldly following their indi- 
cations, we may divide the Malay Archipelago by a vertical waving line through the 
Moluccas, so that all the tribes to the west of the line will be Malayan or of Asiatic 
origin, and all to the east Papuan or of Polynesian origin. This division is in 
harmony with that which has been shown to exist in the animal productions of 
the same regions, and obviates the difficulties attending every theory hitherto pro- 
posed as to the affinities and derivation of the Malayan and Polynesian racea. 


On the Central Argentine Railway from Rosario to Cordova, and across the 
Cordillera of the Andes. By W. WHEELWRIGHT. 


This railway commences at the city of Rosario, in the province of Santa Fé, on 
the right of the La Plata, in latitude 32° 56’ south, longitude 61° 30' west, 
and about 250 miles above Buenos Ayres by the channel route, which is navigable 
for ships of a large size, and has a depth of 16 feet of water; it possesses 8 very 
fine harbour and all the elements of prosperity, and is the great commercial 
entrepot of the interior provinces. Here the steamers which ply between Monte- 
video, Buenos Ayres, and Paraguay, and those engaged in commerce with Cor- 
rientes and other commercial points stop, while almost a daily intercourse by 
steamers is kept up between this port and Buenos Ayres. From io the rail- 
way will Bursne its course in a north-west direction over those vast and fertile 
plains to Cordova, the central city of the plains, 247 miles, and thus will form the 

t trunk line, having upon its south and west the provinces of Mendoza, San 
Fan, San Luis, and the interior of the province of Buenos Ayres, whose 
roads all concentrate upon the line of railway about midway; on the north ar 
the provinces of Tucuman, Santiago del Estero, Jujury, Catamarca, and Rioja, 
with all their roads concentrating at Cordova, and thus forming one of the mos! 
extraordinary combinations to be found in the annals of railways. The railway} 
a work of great magnitude, and is intended to go over mountains at an elevation 
of 16,023 feet. 


Notice of the Discovery of Three additional Runic Inscriptions in St, Molio's 
Cave, Holy Island, Argyleshire. By Prof. D. Witson. 


On the Rivers of the Interior of Australia. By the Rev. J. E. Woop. 


——————————————— 


TRANSACTIONS OF THE SECTIONS. 


ECONOMIC SCIENCE AND STATISTICS. 
Address by Wiiutau Trix, MP., F.RS., President of the Section. 


THE general business of this Section will be preceded by a few opening re- 
marks which I shall have the honour of addressing to you, and we will then 
proceed with the papers on the programme for the day. One of the usual du- 
ties of Presidents seems to be the presentation of an opening Address; but in 
accepting the office I have now the honour of filling, it appeared to me that our 
time would be better occupied in considering the papers we may have submitted to 
us than in occupying a considerable portion of your time by opinions of my own upon 
the subject. Iwas the more led to this because on looking at what has been done by 
the gentlemen who immediately preceded me, viz. Mr. Newmarch, in 1861, at Man- 
chester, and Mr. Chadwick last year at Cambridge, it appeared to me that each of 
them had almost wholly exhausted the subject, with re to the objects and 
topics of statistics and economical science, and the admirable résumé of Mr. New- 
march in 1861 showed what has been done so correctly and completely during the 
thirty years over which his experience extended, that it left little for me to say. 
One or two subjects obviously and naturally suggested themselves, and in referrin 
to Mr. Newmarch’s address, we find an admire le calculation of the results, wit 
which statistical inquiry is more mmediately concerned. Ile says, “ These seem to 
me six-fold, viz., first, all such problems as relate to the real nature of wealth, and 
to the production and growth of wealth in a community; second, all such as relate 
to the exchange of commodities, that is to say, to inland and foreign trade; third, 
all problems relating to taxation and finance; fourth, problems relating to cur- 
rency, banks, and prices; fifth, problema relating to the wages and the hire of 
labour, and the division of employments; and lastly, problems relating to the func- 
tions of the State as regards interference with the economic relations of its sub- 
jects.” These are all so clearly expressed and put, that I cannot do better than 
resent them to your notice, and call attention to this able statement of our ob- 
jects and duties. He continues thus: “ With respect to the first three of these 
ups of problems, it is probable that no further important doctrines remain to be 
iscovered. There is little further to be found out concerning the real nature of 
wealth, concerning the true principles of exchange, or concerning taxation and 
finance, beyond the conclusions already established and expounded.” I should, 
however, be glad if the present position of monetary affairs in America could be 
brought forward and fully discussed in this Section ; for her statesmen and mer- 
chants appear to bid defiance to all the laws and calculations of statistics. I should 
therefore very much Irke the exact condition of the currency system in America, 
and information as to the extraordinary amount of debt they have certainly 
created, to be brought under your consideration. One other topic I must men- 
tion, which is best explained in the following words in the Report of the Par- 
liamentary Committee :—“ A Committee of the House of Commons having reported 
in favour of the adoption of the Metrical System of Weights and Measures, and it 
being understood that a Bill to carry into effect euch recommendation will be in- 
troduced in the ensuing Session of Parliament, your Committee venture to sug- 
gest that the expediency of such a measure might be discussed at the ensuing 
Meeting.” My friend, Colonel Sykes, supplemented this report with a statement 
that a Bill relative to this had been ‘ntroduced subsequently to the report of the 
Committee being pre , and that it had been read a first and second time, the 
latter occupying the House nearly the whole of one day ; and, notwithstanding the 
opposition of Government, the measure passed the second reading. I think the 
most convenient course would be not to enter at present again on a fresh discus- 
sion of this subject, because the principle of the measure has been thus affirmed by 
Parliament, and it has also been very fully discussed in the Meetings of the Social 
Science Association. After remarking on the beneficial effects of the newly esta- 
blished Social Science Association, and the cordiality existing between it and the 
British Association, the chairman concluded. 
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The Volunteer Force ; ts Comparative Cost, Devedopment, present State and 
By Lieut.-Colonel Henry C. ALLHUSEN. 

Scarcely four years have elapsed since certain political causes induced the peopl. 
of this country to arm in its defence, and to originate that movement which so 
soon resulted in the organization and establishment of the present volunteer army. 
The first steps were taken under Lord Derby’s administration by General Peel, the 
Secretary of State for War, who accepted the services of several corps in the spring 
of 1859, and afforded them every facility within his power. When the present 
Government came into office thirteen corps were established, and although at that 
time every expense had to be borne by volunteers, the force increased with extra- 
ordinary rapidity, its enrolled strength rising to 150,000 men in June 1861, and 
attaining the maximum (163,000) in April 1862. It was, however, shortly found 
that the pecuniary sacrifice entailed by this voluntary enlistment was so great as 
to necessitate assistance on the part of the State, and the first contribution was 

ted by Lord Herbert, who supplied 25 per cent. of the arms and ammunition ; 
ut uniformity in equipment being subsequently deemed essential, it was deter- 
mined to issue the quantity. This was followed by the appointment of ad- 
Jutants and drill instructors, and lastly by the adoption of the capitation grant, 
recommended last year by the Royal Commission. In consideration of this sup- 
port, and to engure its proper application, the Act of George III. has been repealed 
the Volunteer Act introd this Session by the Marquis of Hartington, the 
nder Secretary of State for War. It possesses the advantage of placing a limit 
to inefficiency by clearly defining the terms on which a volunteer is to be con- 
sidered effective ; and with reference to the provisions regarding discipline, the 
voluntary nature of the service virtually annuls the power any of these clauses 
might seem to confer on commanding officers. In this force control must main! 
depend on example, and can be exercised with good effect only when sup 
by reciprocal esteem and confidence ; in fact, a succesaful combination of discipline 
and efficiency cannot be attained unless moderation, good feeling, and a proper 
spirit of emulation animate all the members in the discharge of their respective 
uties. Although undoubtedly much has been done to consolidate this great in- 
stitution through the countenance of public opinion, the support of Her Majesty’s 
Government, and the well-known favour and consideration with which the present 
Secretary of State, Lord de Grey, has invariably regarded the volunteer farce, yet 
it is probable that further measures will be found indispensable to ensure the 
manence of its basis. The number of drill instructors is imadequate, and their 
qualifications below the requisite standard ; the capitation grant should be raised to 
. for garrison artillery, engineers, and rifles, and to 50s. for light horse and in- 
land artillery corps ing guns on travelling carriages; and, finally, a force of 
field artillery should be organized by issuing li cht field guns to such of the inland 
corps as may make application for them. e adoption of these ions 
would have the effect of reducing the cost entailed by serving in the volunteer 
force, which 30s. per man cannot entirely cover ;-would rescue inland artillery 
corps from their present anomalous position, and would improve the mobility of 
the volunteer army, and the self-supporti wer of its several branches. 

The total enrolled strength is now 169,000 men of all ranks, of whom 1300 are 
cavalry, 23,000 artillery, 2500 engineers, and 132,200 rifle volunteers. After 
comparing the cost of the several branches of Her Majesty’s land service and its 
strength with that of the continental armies, the author concluded as followa :— 
‘“‘ The people of this country, from their natural industry and energy, pay almost 
undivided attention to the pursuits of the day that interest them most; hence 
a long-continued peace produces apathy, and almost a dislike for all military 
exercises. Thus it is that, dt arlborough, the renown of the British arms 
seems to have receded, until the glorious campaigns of Wellington again 
raised rem to admiration ; and although alter forty years’ peace the battles in the 
Crimea were fought with the utmost bravery, and under severe privations, yet on 
the Continent the prestige of our arms most certainly suffered, our mili- 
tary organization was considered far from what it ought to have been. This, how- 
ever, produced reforms which have placed the army in the highest state of eff- 
clency, and now that the militia is well organized, the yeomanry regularly trained, 
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and the volunteer force still in its strength, England has a military armament equal 
to any emergency. The desired position, then, having been attained, every effort 
should be made to preserve it, and success, through Providence, will be certain if 
the other services continue efficient, and the volunteer army be rendered perma- 
nent. The idea of invasion may have become latent, or merged in the memories of 
the past ; still men well know that as the tide of time rolls on, the nations, as they 
rise and fall in its course, can neither command the sunshine of peace nor prevent 
the thunder-clouds of war.” 


On the Vital and Sanitary Statistecs of our European Army in India, com- 
pared with those of the French Army under like conditions of Climate and 
Locality. By Dr. Jamzs Brep. 

The author showed that the mortality of 69-0 per 1000, adopted in the lately 
published ‘Sanitary Report for India,’ obtained under the insalubrious conditions of 
ocality and climate, had been greatly ameliorated of late years. For the last twenty- 
six years, or from 1829 to 1856, the death-rate, inclusive of a considerable period 
of war, the Cabul massacre, the Scinde and Gwalior campaigns, and the two Sikh 
wars, was only 44:4 per 1000. For 1817, during the Pindaree war, the mortality 
per 000 was 69-0; the average for the next six years of peace being 75-0. In 
824, 1825, and 1826, during the first Burmese war and siege of Bhurtpoor, the 
mortality rose to 129, 157, and 158 per 1000 for these years respectively; and for 
the next six years of peace fell to an average of 56 per 1000; and for the next eleven 
ears of war, 1839 to 1840 inclusive, the rate vibrated from 47 to 124 during the 
first Sikh war—being for the eleven years an ave of 74 per 1000. In the last 
six years, 1850 to 1855 inclusive, the average mortality was 37:3 per 1000. By the 
latest return of the British army in India, exclusive of the late Kast India Com- 
pany’ troops, it appears that the deaths in India amounted to 35:3 per 1000; and 
on the 


ths homo caused a further loss of 35:3 per 1000; being altogether 
@ decrease of the whole stre 1 alid ing, 


ngth of 68°6 per 1000. It was shown that inv 

even at home, causes a decrease of 32:3 per 1000, while the average death-rate, 
exclusive of the Horse Artillery, was 14-7 ; so that this cause of decrement in 
India is not greatly in excess. In comparing these rates of Indian mortality in 
the British army with those of French troops, in their tropical colonies of Marti- 
nique, Guadaloupe, Guiana, and Réunion, during ten years—1838-47 inclusive— 
the mortality was 69°5 per 1000—vibrating between 90-4 and 25:3. In Algeria, 
in an effective strength of 108,000 men, for ten years, from 1837 to 1846 inclusive, 
the death-rate was 78:8 per 1000; and during 1846 it was 68°8; while the 
other casualties of discharged, sent to France, killed in battle, deaths in French 
hospitals, pensioned, and invalided, amounted to 28°3, increasing the total decre- 
ments of French troops in Algeria to 97°1 per 1000. The author also showed, 
that whereas at home, for fifteen years previous to 1854, the average death-rate was 
14:7, and that of invalids 42:1 per 1000, those rates respectively in 1860 had fallen 
to 7°32 and 21:30, evidently a gain to the effective force of 18-38 per 1000. In 
the hot climates of Jamaica, Ceylon, and Mauritius, where from January 1880 to 
March 1837 the death-rates roxpocsi rely were 91:49 and 34-6, they had fallen in 
1860 to 20-2, 19-6, and 23:8 per 1000, proving beyond doubt that, with the intro- 
duction into India of improved sanitary appliances, adapted to climate and loca- 
lities, and with restraints on vice aud intemperance, correspondingly decreasing 
rates of augmented health among our troops must follow as natural results. The 
author, in conclusion, referred to Miss Nightingale's evidence, recorded in the 
Topographical and Statistical Reports, printed in the Appendix to the Sanitary 
Commissioners’ Report of 1863. 


On the Coventry Freehold Land Society. By C. H. Bracesrives. 


After describing the six estates of the Society and their appropriation to build- 
ing purposes, the author stated that the mode adopted for obtaining these results 
had been by a contribution of one shilling and sixpence per week per ahare bei 
paid to a common fund, and when that fund sufficiently accumulated, an 
estates offered in localities suitable to the convenience of members, they had been 
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purchased in the order shown in a Table exhibited. The streets on the estates 
ave been substantially made and well culverted, regard having been paid to the 
best and most approved sanitary arrangements. When an estate was purchased, 
the allotments were offered to the members in priority as they stood upon the 
books, it being optional with the members whether they had their allotments in 
that or a future purchase ; by this means the members generally have been enabled 
to obtain their allotment in such locality that they most approved. Members 
previous to the ballot were allowed to withdraw the amount they had subscribed, 
and sums amounting in the whole to £2681 14s. 6d. have been so withdrawn. 
When a member received his allotment, he was at liberty either to pay the balance 
at once or to give a mortgage to the trustees as security. About two-thirds of the 
members have given mortgages, the whole of which, with the exception of ten, 
have now been paid for by the ordinary contributions of one shilling and sixpence 
per share per week. The ten mortgages remaining are for 25 shares, and the amount 
remaining unpaid is about £100. e legal expenses were in each case of con- 
veyance, and mortgage 32s. 6d., exclusive of stamp, whether for one or six shares. 
In the above manner 1108 allotments on six estates have been made, and the 
future transactions of the Society reduced to £100. The princi cause which has 
brought the managers to a determination to wind up the affairs of the Society 
have arisen from the great depression in the principal trade of the town during the 
last few years. 


On the Sanitary Condition of the Troops in India. By Dr. Campa. 


Ife said that the object of the paper was to call attention to 8 few of the facts stated 
in the report recently laid before Parliament of the Commission appointed by Her 
Majesty in 1859 to inquire into the health of all ranks of the army in India. From 
the data collected in the paper, it appears that the mortality of men of the soldiers’ 
age in the healthy parts of England and Wales is such that eight die annually to 
1000 living. In India the mortality per thousand at the age of 20-25 is 56:4: at 
25-30 it 1s 48-8; and at 40-46 it is 61:6. The excess of mortality in India is 
nearly the same at all the seven quinquennial periods of age from 20 to 55, except 
at the first and fifth, when the recruits join and leave their corps in greatest num- 
bers. This points to the influence of the term of service, and seems to justify the 
inference that the fatal cnuses in operation produce nearly the same fatal reeults 
in India at all the ages from 20 to 55 among men exposed to the same influences. 
From actuarial tables prepared by Dr. Farr, it seems that the expectation of life 
at the age of 20 is 17°7 years in India, and 39:5 years in England ; so, therefore, life 
is shortened by 21:8 years. On an average, in the stations of , 84 men ma 
battalion of 1000 were constantly in the hospital. Thus, out of 1000 men at a given 
station, 84 of their number are sick in the hospital, and 68 die annually. ith 
this amount of sickness, an army of 70,000 British troops in India has, 80 to speak, 
a vast hospital of 5880 beds constantly full of sick, and loses yearly by death 4830 
men, or nearly five regiments. With respect to the loss and sickness in war, all 
the evidence goes to show that the diminution in the mortality of men before the 
mutiny was due to improvements in the sanitary arrangements. Fever, dysentery, 
diarrhoea, cholera, liver affections, and other diseases which prove specially fatal 
in India, were referred to in the paper, and numerous statistics furnished as to 
this effect. Comparative statements of the mortality among officers and civil 
servants in England and India were also given. The report, in ita recapitulations, 
states that the inquiries of the Commission have shown—1. That by far the larger 
proportion of the mortality and inefficiency in the Indian army has arisen from 
endemic diseases, and notably from fevers, diarrhoea, dysentery, cholera, and from 
diseases of the liver. 2. That the predisposition to these diseases is in part attri- 
butable to malaria, in conjunction with extremes of temperature, moisture, and 
variability. 3. But that there are other causes of a very active kind in India, con- 
nected with stations, barracks, hospitals, and the habits of the men, of the same 
nature as those which are known in colder climates to occasion attacks of the very 
diseases from which the Indian army suffers so severely. 
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A Statistical Account of the Parish of Bellingham. By W. H. CHantton. 


On the Origin of the Stockton and Darlington Railway. 
By W. Fatzrows, of Middlesbrough. 


The author b by stating that the first locomotive railway was the Stockton 
and Darlington line, the Act for which was dated April 19, 1821, and the line 
opened in September 1825; whilst the Act for the Liverpool and Manchester, to 
which the honour of being first constructed has been erroncously assigned, was 
dated May 5, 1826, and it was opened September 15, 1830. The first effort to 
provide for the extension of the trade of the South Durham district was made as 
early as 1767, when subscriptions were opened for connecting the towns of Stock- 
ton and Darlington and the neighbouring country by means of a canal. A joint 
report on the project was prepared by Mr. Robert Whitworth and the celebrsted 
Brindley, estimating the expense at £63,722, exclusive of parliamentary expenses ; 
the total length was to be thirty-three miles, and the rise in that distance 328 feet. 
The echeme was never carried out, and similar projects made afterwards met with 
the same fate. A public meeting was held at Stockton in July 1818, presided 
over by the Earl of Strathmore, at which, notwithstanding resolutions proposed 
by Mr. Edward Pease and other gentlemen in favour of the formation of a railway, 
a canal scheme in the northern part of the district, based on the report of Mr. Lea- 
ther, was resolved to be adopted. Mr. Pease and his friends called a mecting at 
Darlington on the 18th November in the same year, when it was resolved to form 
a Company for a railway from Stockton by way of Yarm and Darlington, to 
the Auckland coal-field, with a proposed capital of £100,000. The share list was 
soon made up, and Mr. Overton surveyed the line. An application was made to 
Parliament for an Act for constructing the same; and such an ct received the 
Royal assent in April 1821, and George Stephenson was called in to construct it. 
The first rail was laid by Mr. Meynell (the Chairman of the Company) on the 
22nd of May, 1821. The formal opening of this railway took place on the 27th of 
September, 1825, when a locomotive drawing five waggons laden with coal, one 
with flour, one containing surveyors, engineers, &c., six waggons with strangers, 
fourteen with workmen and others, and last of all, other six waggons of coals, 
from one end to the other of the line. The whole train moved at the rate of 
ten to twelve miles an hour, with an estimated weight of 86 tons. It was 
computed that about 700 people were drawn in this train, a number which created 
the greatest astonizhment. Since that time the Stockton and Darlington Railway 
has always paid dividends to its shareholders; and the Company, having carried 
into effect the scheme foreshadowed by Brindley and Whitworth, has become the 
connecting link between the towns of Stockton and Kendal and the western parts 
of the island. The Company, as a separate company, held its last meeting during 
the present month (August 1863), Parliament having sanctioned its amalgamation 
with the North-eastern system. It began with a capital of £100,000, and ended as 
& separate company with one of £4,000,000. 


On the Difference between Irish and English Poor-law. By Dr. Hancock. 


He said that the difference between the Irish and English Poor-laws was most 
material. The statistics of the distressed districts show the extent to which able- 
bodied men can and do get relief. There was a very simple proof that the Irish 
Poor-law could not be adopted in Ireland. The Poor-law xmendment Act, in 
1834, was passed with the intention of abolishing all out-door relief to the able- 
bodied, but when it began to be extended to the manufacturing districts in the 
North of England, this was found to be impracticable, and the attempt was given 
up. The great intercourse which takes place between England and Ireland leads 
to the labouring population spending part of their lives in one country and part in 
the other. It is manifest that the establishing of a different rule by law as to the 
mode of treating labourers engaged in the same trade when suffering from the 
same calamity, is just such a cause as would be calculated to contribute in some 
degree to feelings of discontent. There can be no doubt that a great deal of dis- 
turbance connected with land in Ireland, particularly the more violent part of it, 


154 BEPORT—1868. 


has been caused by the attempt of many proprietors to convert the Irish peasant 
occupiers into farm-labourers, in view of copying what they see in d and 
Scotland. Those who do so, if they wish to succeed, should carry out the whole 
of the English system of agricultural management. If they omit such an in- 
portant element as the Poor-law they cannot expect to be successful—at any rate, 
it is obvious that Irish proprietors should not be restrained by law from managing 
the relief of their poor labourers exactly as English proprietors do. 


On the Opening and Extension of Durham Unwwersity Academical Endowments. 
By James Hurwoop, M.A., F.RS. 


The University of Durham possesses estates, the income of which, during 
the last four years, has averaged £7170 a year, whilst the average net income for 
the same period has only been £5410 a year. The difference between these two 
sums, or £1760, shows the average annual outgoings of the property, which 
amount to nearly one-fourth of the gross rental, and are so excessive, that advan- 

would be derived by an appeal to the Attorney-General to inquire, by means 
of the agency under his control, into the cost of the management of the landed 
estates of the University of Durham, considered as charitable property. 

Commissioners were appointed, under the Durham University Act of 1861, for the 
improvement of that seat of learning; they included the Right Rev. Dr. Baring, 
Bishop of Durham, the Right Hon. R. Lowe, M.P., the Right Hon. C. B. Adderley, 
N.P., the Hon. H.'G. Liddell, M.P., the Rev. Dr. Vaughan, and Robert Ingham, 

.» M.P. 

n their re ort, the Commissioners observe that the financial arrangements of the 
University of Durham have been conducted with little system or success; they 
remark that there has been no sufficient encouragement given to the atudy of 
physical science, and that the University of Dur: has failed to do for the 
industry of the North all that it might reasonably have been expected to perform. 

The scheme of the Ecclesiastical Commissioners for the University of Durham 
had originally comprised the annexation of the wardenship of the University to the 
deanery of Durham, the endowment of the professorships of Divinity and Greek with 
canonries in Durham Cathedral, and the establishment of twenty-four fellowships 
of £120 a year each, with a further sum of £30 a year to each of the ten senior 
clerical fellows. 

Among the alterations suggested by the Commissioners of 1861, were the 
cessation of any further appointments to any of the twenty-four fellowshipa, all of 
which had been exclusively limited to members of the Church of England, and the 
stopping of any further elections to twenty scholarshipe belonging to the University, . 
and hitherto confined to members of the Church of England. . 

Forty open scholarships of £30 a year each, to be competed for by any persons, 
whether members of the University or not, and to be tenable for two years each. 
were proposed by the Commissioners of 1861, in place of the previous arrangement 
of fellowships and scholarships; and a further recommendation was made, that 
forty additional scholarships of £50 a year cach should be created, to be competed 
for by any students commencing their second year, and to be tenable for one year, 
with the power of a successful candidate retaining such £50 scholarship for an 
additional year, in any case where the student, having taken a d in one de 
ment of the University, should select to study in some other department of the 
University ; as, for instance, if a scholar, who is a Bachelor of Arts, should choose 
to study either divinity or physical science. 

Under the existing Durham system, about £2916 are annually laid out in 
fellowships, and £740 in scholarships; the change pro by the Commissioners 
of 1861 in this plan has been arrested by petitions from the Dean and Chapter 
of Durham, and other persons, to the Queen in Council, which have been su 
by pleadings before a Committee of the Privy Council, and have led to the dir 
alicwance of the ordinances of the Commissioners of 1861 by the Privy Council. 

It isnot the intention of the Commissioners of 1861 to issue an ordinances, 
and the work of reform is for the present practically left in the hands of the Dean 
and Chapter of Durham. 
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" All the students of the University of Durham are expected to attend the Church 
of England service, and subscription to the three articles of the thirty-eixth canon of 
the Church of England is expected previous to any degree in Arts being conferred. 
Dissenters are consequently virtually excluded from the University of Durham. 

An almost constant decline is observable in the numbers of the Durham Uni- 
versity students. In 1862-03 there were only 23 students in Arta and 23 students 
in Divinity ; total 46 students. 

The sums required from the University of Durham endowments, for the scholar- 
ships suggested by the Commissioners of 1861, would be £1600 a year, viz., £600 
a year to provide for twenty open scholarships of £30 a year cach, tenable for two 
years, and £1000 a year for twenty open scholarships of £50 a year each, tenable 
for one year; some additional provision would also be needed to meet the case of 
the £50 scholarships being continued for a second year. 


Remarks on Native Colonial Schools and Hospitals, from the Sanitary Statistics 
of the Aborigines of British Colonies, collected by Miss Nieutineate. Pre- 
sented to the Statistical Section by Jauts Herwoop, M.A., F.RS. 


An inquiry has recently been conducted by Miss Nightingale into British colonial 
hospitals and schools. That distinguished ady has been assisted by the Duke of 
Newcastle, Secretary of State for the Colonies, in her important investigations, and 
a still more extended inquiry is recommended by her into the condition of the 
ancient tribes who atill remain in the British colonial possessions. 

Adult natives in many of the colonies are regarded as specially liable to the 
disease of consumption: diseases affecting the chest may be considered as a main 
cause of the gradual decline and disappearance of some of the civilized or semi- 
civilized races of aborigines. 

Many of the school-houses for native children are described in the colonial returns 
as of bad construction, and ill situated for health, and the ventilation is often very 
insufficient. The period of tuition varies considerably, from two up to ten or more 

ears. 
7 Many returns have been received from hospitals for the native population in the 
colonies, and the statistics of mortality in these returns show a very high death- 
rate upon the number received into those institutions. Among the causes of such 
a mortality may be mentioned, defective stamina in the native population, delay in 
applying for medical relief, bad and insufficient accommodation, or defective medi- 
cal treatment, and inadequate management of the sick. 

Bad, over-crowded dwellings for the natives, deficicnt drainage, bad water, want 
of cleanliness, and other bad habits, must also have their share in increasing disease 
and mortality. 

A select Committee of the Legislative Council of Victoria, Australia, inquired 
in 1858-59 into the condition of the Australian aborigines, and noticed in Meir 
report, that the rapid settlement consequent upon the country being occupied by 
flocks and herds was more unfavourable to the aborigines than if the land had only 
been gradually taken up for agricultural purposes. 

The Committee were of opinion that great injustico had been perpetrated upon 
the aborigines, and that when the government of the country found it necessary to 
take from them their hunting-grounds and their means of living, proper proviaion 
should have been made for the natives thus dispossessed of their former territory. 

Miss Nightingale recommends the following remedial measures for tho native 
population in the colonies :— 

, Provision of land should be made for the exclusive use of the existing tribes, 
and settlements should be formed under any Christian dehomination which might 
undertake in a wise manner the gradual winning of the native population under 
their care to higher and better habits. 

2. The prohibition of the sale of intoxicating drinks to the aborigines. 

8. The proper conduct of education. 

4, Physical training and out-door work. 

5. Encouragement of open-air activity. 


156 REPORT—1863. 


On the Reduction of the Death-rate tn Gateshead by Sanitary Measures. 
By Joun Lams. 


The situation of the town of Gateshead is upon the banks of the River Tyne, 
immediately opposite Newcastle—built partly on the low ground adjoining the 
river, and partly on rapidly risin und behind, the whole being very favourably 
situated for drainage. In the old parts of the town, on the flat ground at the 
river's edge, the streets are narrow, two of considerable length being only from 
8 to 10 feet wide; other parts of the old town are built in courts, the houses in 
almost all cases being improperly constructed, and devoid of all means of thorough 
ventilation ; generally miserably deficient in accommodation, and no yard attached, 
the whole available space being built upon. 

Previous to 1851 (when the Public Health Act was applied to Gateshead), 
there had only been one sewer executed, costing £2000, but no use was made of 
it for “private drainage.” Sewerage works were commenced by the Board in 
1854, and they spent up to the end of 1862 the sum of £6525; but this left about 
one-fourth of the sewerage works yet to be done to render them complete, or, say, 
total executed, and to be executed, will cost £10,500. The smallness of this sum 
for a town of 33,589 inhabitants (in 1861) is owing principally to the favourable 
nature of the site for drainage, and also in some measure to the cheapness of the 
materials, the whole of the sewerage pipes being made in the town, and on 
account of pipes 6 inches diameter being in most cases used for branch sewers 
instead of 9-inch and 12-inch, the usual sizes. 

The cost of draining towns varies from 12s. to 20s. per head of the 
or even in some cases higher, but the sewerage works of Gateshead 
6s. 3d. per head. 

Since 1851 there has also been executed all necessary “private drains,"’ con- 
necting the houses and yards with the public sewers, costing, say, four-fifths of 
the public sewers (the usual proportion), or £5000. 

Between 1851 and 1862 there have been thirty-six “private streets ’’ paved at 
an expense to the owners of the adjoining houses of £3680. 

The cost of the whole of the above permanent sanitary works executed has 
therefore been £15,205. 

As the result of this expenditure, the annual mortality has been reduced from 
80-2 per 1000 (for the six years from 1851 to 1856 inclusive) to 25°4 per 1000 
(for the six years from 1857 to 1862 inclusive), or a saving of nearly 5 per 1000. 

, instead of the last six years, the average of the last four years were taken, the 
death-rate will be still further reduced 0 243 per 1000. 

This is far above what it ought to be, as the normal mortality of towns may be 
stated at 17 per 1000, but which standard it is not anticipated will be speedily 
reached in Gateshead, on account of the malconstruction of the old houses, as 
mentioned above. Yet, as new and better houses are built, and sanitary works 
are vigorously carried on, there is every reason to believe that a mortality of less 
than 20 per 1000 will be attained. 


pulation, 
only cost 


On the Decrease of the Agricultural Population of England, 1851-G1. By 
Freperick Purpy, Principal of the Statistical Department, Poor Law Board, 
and one of the Honorary Secretaries of the Statistical Society. 

The author commenced by drawing attention to the prosperity which of late 
years has attended English farming, and to the rise in the value of land, especially 
since 1858. Nevertheless, at the last census it was found that the only counties 
which had decreased in population were the agricultural ones of Cambridge, Nor- 
folk, Suffolk, Wilts, and Rutland. To exhibit the decrease in the population 
ascribed to the class “ Agricultural ” in the census of occupiers of 1861, the writer 
divided the kingdom into three sections. (1) 24 counties of Atghest rank, where 
wards of 20 per cent. of the adult population is occupied in agriculture. 2) 16 
counties of sntermedtate rank, where over 10 and under 20 per cent. is employed; 
and (3) 5 counties of lowest rank, where less than 10 per cent. is employed. “Be 
tween 1831 and 1861 the first sectiun of counties had increased 1,083,000, or 22 
per cent, on the population generally ; the second section 1,651,000, or 30 per cent. ; 
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and the third section 3,425,000, or 73 per cent. It was stated that in 1831 the 
population was pretty equally divided between the three sections: the respective 
proportions were then 5-0, 4:2, and 4:7. In 1861, however, in consequence of the 
unequal rate of increase, those ratios became 6-1, 5-9, and 8-1. In 1861, the num- 
ber of persons in England and Wales, aged 20 years and upwards, occupied in 
agriculture was 1,576,080; in 1861 the same class had fallen to 1,531,270. This 
shows an actual decrease of 44,790 persons, or nearly 3 per cent. in the ten years. 
The greatest decline had taken place in the south-western and the Welsh divisions. 
In the former, consisting of the counties of Wilta, Dorset, Devon, Cornwal!, and 
Somereet, the decrease was 20,381, or 9 per cent. ; and in the latter, which includes 
Monmouthshire, it was 13,285, or 8 per cent. The ratio of adults engaged in agricul- 
ture in England and Wales on the adult population generally in 1851 was 16-1 per 
cent., and in 186] it was 13:9 per cent., which is therefore a decline of 2:2 per 
cent. ; in other words, 22 in every 1000 of the adult population had, between 1851 
and 1861, ceased to belong to the agricultural class. Mr. Purdy showed that, 
during the last decade, the falling off in certain counties was very considerable. 
Sussex had lost 2698; Hants, 3412; Berks, 1158; Herts, 1095; Bucks, 1048; 
Suffolk, 3306; Wilts, 2837; Dorset, 1843; Devon, 9475; Cornwall, 3017 ; Somer- 
set, 2809; Gloucester, 1166; Northumberland, 1265; Cumberland, 2009; Mon- 
mouth, 1089; South Wales, 4530; and North Wales, 7606. The highest per- 
centages of decrement took place in Devon, 13:3; North Wales, 11:0; Cornwall, 
10°5; Hampshire, 8:8; Cumberland, 7-7; Monmouth, 7-6; Wilts, 7-3; Sussex 
6:5; Suffolk, 6-4; Dorset, 5:6; South Wales, 6-6; Hunts, 6-4; Bucks, 5-1; and 
Northumberland, 5:1. It was observed of Wiltshire that, while the population 
generally had decreased by 4904, the decrease of the adult agricultural population 
was 2837 ; and that in Suffolk the general decrease was only 747, while the agri- 
cultural decrease was 3306. Mr. Purdy stated, however, that eleven counties 

increased their agricultural population. The six most remarkable instances were 
these: Salop had increased 1226, or 3-5 per cent.; Worcester, 1281, or 5:7; Lei- 
cester, 1371, or 6-0; Lincoln, 2139, or 3-3; Chester, 1550, or 4:2; and Lancaster, 
5336, or 7° per cent. Attention was directed to the fact that the largest increase 
had occ in our great manufacturing county, and further, that Lancashire, in 
1861, employed a larger agricultural population than any other county. The num- 
ber of adults so engaged was 80,822. The West Riding of Yorkshire, which in 
this respect comes next, only employed 77,168, and Lincoln, a purely agricultural 
county, 67,857. Though the adult agricultural population of Lincoln is 11,000 leas 
than Lancashire, the return of the farmers’ profits (Schedule B.), in 1859-60, in 
the former county exceeded those of the latter by £1,000,000; the valuation in 
both counties having been made upon precisely the same principle, that is, by 
assessing all the farms, whether their occupiers were liable to pay income-tax or 
not. In 1851 there were in Lincolnshire 10,970 farms, one-f of the number 
exceeding 100 acres each; while in Lancashire, with 15,365 farms, less than one- 
twentieth of them exceeded 100 acres each. Excluding from each county those per- 
sons placed under the agricultural class, but who in fact work in woods or in gar- 
dens, it is found that in Lincolnshire there were 65,849, and in Lancashire 76,496 
adults engaged in agriculture properly so called. The Schedule B. valuation of the 
first county is £2,647,000, and of the second £1,605,000. Dividing these sums 
among the adults respectively employed in each, gives £38 per hend for Lincoln- 
shire, and £21 for Lancashire. The exact relation between the agricultural capa- 
city of the two counties can only be satisfactorily shown when England adopts a 
system of agricultural statistics like that of Ireland. The diminution of the agri 
cultural population was attributed to emigration, and to the attraction of higher 
wages in other industries; though a considerable advance had taken place of late 
years in the money wages of the farm labourer. In Wales, where a lange decrease 
of the agricultural class has been noted, the men’s wages had risen from 7s. 6d. 
in 1837, to 11s. in 1860. Contemporaneously with the general advance of agricul- 
tural wages, large tracts of waste land been enclosed for cultivation. The 
Enclosure Commissioners state the total area to be 390,000 acres; this is equal 
in extent to the county of Hertford. The writer concluded by remarking that the 
want of agricultural statistics in England precluded any investigation of the effect 
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which the decrease of manual labour may have had upon the productiveness of the 
soil,—how far increase of skill and mechanical appliances have supplied the Place 
of the labourer,—what and how much did Engiand yield when 1,576,000 of her 
adults belonged to the agricultural class,—what and how much, ten years later, 
when the class was reduced by 45,000 persons. These are questions of great in- 
terest, but which at present cannot be solved statistically. 

The following summary Tables have been compiled from the Statistical Appendix 
to Mr. Purdy’s paper. 


A.—Table of the number of Adults engaged in Agriculture in England and Wales 
in 1851 and 1861, and the proportion to the Adult Population. 


Number of persons, | Ratio per cent. on the 
aged 20 and upwards, total population, Decrease 
Divisions. engaged in agriculture. | aged 20 and upwards. Ge ratio 
S$. $$ |} 1861, 
| 1851. 186}. 1851 
1. The Metropolis......... | 15,838 15,687 1-1 
2. South-Eastern ......... 184,601 178,146 20°38 
3. South-Midland ......... | 167,627 | 163,547 25°4 
4, Eastern ......cccseesecees ‘ 160,249 | 155,818 26°5 
5. South-Western.......... 227,554 207,173 23°3 
G6. West-Midland .......... ' 179,363 | 179,800 155 
7. North-Midland......... ' 142,389 | 144,710 21°7 | 
8. North-Western......... | 112,184 | 119,070 8-3 
9. York .......cceccccceseees | 137,681 | 136,909 14°3 
10. Northern ..........s0000 83,822 78,942 16"1 
11. Welsh .......... avesceeens | 164,773 | 151,488 25°7 
England and Wales... 1,576,081 | 1,531,290 16"1 | 


class not being returned as one of the agricultural occupations in 1851. 


B.—Table showing the Counties which, between 1851 and 1861, experienced the 
greatest absolute Decrease in the number of Adults employed in Agriculture. 


Am of absolute Ratio ber 
sos . ount cent. of 
Divisions. Counties. decrease in 1861. absolate 
decrease. 
South-Eastern ......00+..00-. Sussex oee...eceee sessseaee 2698 65 
Southampton ....... aseee 3412 838 Cs 
Berkshire .....0c.ccssecses 1158 40 
South-Midland............ .--| Hertfordshire ............ 1095 46 =| 
Buckinghamshire ........ 1048 | 5-2 
Bastern......cccccccsvccscoccss Suffolk ...,..cccccccecccecee 3306 6°4 
South-Western ......c0sse.0- Wiltshire. ..........,..c0e 2837 73 
Dorsetshire......sce..es0. 1343 36 
Devonshire .........+++... 9475 133 
Cornwall ........cccscccces 3917 10°5 
Somersetshire............ 2809 50 
West-Midland .....0...5...| Gloucestershire.........«. 1166 32 | 
Northern ......cssccccceee -.-.| Northumberland......... 1265 SS | 
Cumberland eeaeteeaanssaee 2099 ada 
Welsh....... ceevccacce cossccceet Monmouthshire ......0° ° 1089 76 
South Wales......cccossee 4530 5°6 
North Wales.......scccses 7666 110 


*,* Mr. Purdy’s paper upon the decrease of the agricultural population of England will 
be found in the Journal of the Statistical Society for 1864 én extenso. 
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On the Mortality of Lancashire, Ye., during the year ended at Midsummer 
1863. By Freventox Purpy, Princtpal of the Statistical Department, 
Poor Law Board, and one of the Honorary Secretaries of the Statistical 
Soceety. 


This was a continuation of the paper which the writer brought before the 
Section at Cambridge. The cotton Asin e was felt in several of the Lancashire 
unions through a marked increase in pauperism at the beginning of 1862. It 
increased till the Midsummer following, when the distress had assumed most 
serious proportions, which continued to augment still more rapidly up to December, 
when the maximum of destitution was reached ; thence to Midsummer last it has 
steadily declined, leaving, however, in the unions principally affected, a rate of 
pauperism which is between three and four times their normal ratio. The deaths 
in Lancashire during the year ended Midsummer were compared with the average 
of the three years ended at Midsummer 1862. The average was 61,263; last 
year’s deaths 64,828, being an increase of 3565, or 5-8 per cent. No attempt 
was here made to correct the figures for the increase of population. A similar 
comparison was made for three contiguous divisions— Yorkshire, where the deaths 
were respectively 46,454 and 49,955, being an increase of 3501, or 7°65 per cent; 
the rate of increase was here larger than in Lancashire,—the Northern division, 
deaths 25,499 and 26,876, which showed an increase of 1377, or 5-4 per cent., very 
close to the Lancashire rate of increase,—and the North Midland division, desths 
26,578 and 25,181, which showed a decrease of 1397, or 5:3 per cent. 

Limiting the inquiry to the principal cotton manufacturing unions, properly so 
called, a group of sixteen was formed of the most distressed. The two first belong 
to Cheshire, the others to Lancashire. They are the unions of Stockport, Maccles- 
tield, Wigan, Bolton, Bury, Chorlton, Salford, Manchester (with Prestwich), Ashton- 
under-Lyne, Oldham, Rochdale, Haslingden, Burnley, Blackburn, and Preston. 
The average number of deaths in the three years was 43,152, and the deaths in the 
year ended Midsummer last, 43,951, that is to wh an increase of 799, or 10 per 
cent., as compared with the average. Dut it was found, on correcting the numbers 
with respect to the increase of population, that the ave should be 42,353, the 
deaths for the year ended Midsummer last, 11,574; this then exhibited, instead of 
an increase, a decrease of 779 deaths, or 18 per cent. 

The sixteen unions were arranged in three sections, as in the Cambridge paper. 

Section A. contained 7 unions, which at Midsummer 1862 were least pauperized ; 
the increase of pauperism as against 1861, was at that time 34 per cent. in the 
lowest burthened, and 100 per cent. in the highest. It was shown, by compari- 
son of the deaths in the year ended Midsummer 1863 with the average of the 
three preceding years, that Wigan, Chorlton, and Oldham had increased 8-7, 139, 
and 16-9 per cent. respectively ; that Macclesfield, Salford, Bolton, and Bury had 
decreased 5:0, 0°9, 2°2, and 4°1 per cent. respectively. 

Section B. consisted of 4 unions; the increase of pauperism at Midsummer 1862 
varied in this section from 120 to 145 per cent. The deaths in Manchester (with 
Prestwich) had increased 2:7 per cent. The others had decreased: Rochdale, 6-6 
per cent.; Burnley, 16-0 per cent. ; and Haslingden, 1-6 per cent. 

Section C. was formed of 4 unions; the pauperism had increased from 283 in 
the lowest union to 458 per cent. in the highest. Stockport had increased in 
deaths 12-0 per cent., and Ashton-under-Lyne, the most distressed union in the 
whole district, judging by the numbers on the books of the relieving officers and of 
the Relief Committees, 3°90 per cent. 

In the Preston union there was a decrease of 8'7 per cent. in the deaths. This 
union felt the distress earlier, and till it was surpassed by Ashton, heavier than 
any other. Last autumn typhus fever prevailed at Preston. Dr. Buchanan, the 
Government Inspector, who visited the district, reported the fever as “the steady 
follower on famine,” and gave, it may be remembered, a very gloomy account of 
the physical depression of the unemployed operatives generally; yet in the very 
year of this fever, which disease soon disappeared, there were abd less deaths in 
the union than on the average of the three preceding years, Blackburn, alao a 
very distressed union, shows a slight decrease of mortality. Liverpool, though 
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the largest cotton port in Europe, has been but sligh tly affected by the cotton 
famine ; the aupelism there is’ 8 and has been, but little in excess of its usual 
amount. It has not been found necessary to institute any Relief Committees. 
Nevertheless the increase in the death-rate has been very great. The average 
number of deaths in the three years was 8198; in the year ended Midsummer 
1863 it was 9476, being an increase of 1277, or 15°6 per cent. In the contiguons 
union of West Derby, the deaths were respectively 4915 and 6199, increase 128i, 
or 26:1 per cent. These figures present a remarkable contrast to the averag 
death-rate of the cotton manufacturing unions during the same period. Mr. y 
observed that the increase of mortality in the Manchester, Ashton-under-Lyne, 
Chorlton, Oldham, and Wigan unions appeared from the Registrar's Retarns to 
have been caused by the prevalence of epidemics in those districts, scially 
from scarlatina, diphtheria, measles, and small-pox. The decrease of deaths in the 
other unions has been attributed by various Registrars to the generally temperate 
state of the weather; to the change from employment in the atmosphere of the 
mills to the open air; and to the greater maternal care bestowed upan the 
younger children. The possible saving of life from the last-named cause may 

very great indeed, when it is remembered that one-half of the large mortality of 
the Lancashire towns is usually that of children under five years of age. ; 

The Tables which follow have been extracted from the Appendix to the original 


paper. 


Section A.—Unions of least Pauperism. 


Number of Deaths. 


Tncrease per cent. in | 
Paupers at Midsummer 
and Christmas 1862, 


Average of 


Unions. compared with 1861. | three years} The year 

eae ended ended per cent. | 
Midsummer! Christmas |Midsummer;Midsamm 

1862. 19862. 1862. 1863. 
Macclesfield ............cec00 34 40 1486 1412 

Salford ...........cccscccceesee 84 215 2614 2590 
Bolton .....cccccecscoscecccses 4] 136 3440 3363 | 
Wigan ...cccss.ceccscccscseees 38 121 2391 2599 

BULY ..cccccccccsccevecscccvveces 100 343 2353 2256 
Chorlton...cccccccccccsecsseacs 68 464 3735 4255 


497 2774 3243 


*,* The Unions are arranged, in this and the two next Tables, according to the ratio of 
paupers to population at Christmas 1861: the most pauperized at that date is placed first. 
(See previous paper, 1862.) 


Section B.—Unions of medium Pauperism. 


Increase per cent. in Number of Deaths. 
Paupers at Midsummer ;}-——+—__-—_—____ 
and Christmas 1862, | Average of The year | Difference 
t. 


Unions. compared with 1861. three yeara “ended per cen ) 
Midsummer] Christmas |Midsummer Midsummer 
1862, 1862. 1862. ° ; 

Rochdale ...............cceees 414 2111 1971 — 66 


Manchester with Prestwich 127 340 7228 7421 | + 2-7 | 
120 | 
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Section C.—Unions of highest Pauperism. 


Increase per cent. in Number of Deaths. 
Paupers at Midsummer 
. and Christmas 1862, | Average of 


; : The year | Difference 
Unions. compared with 1861. three Years ended per cent. 


Midsummer! Christmas |Midsommer, Midsummer 
1862. 1862. 1862. | 1863. 
Preston..........cscesccscceess 283 231 2951 2695 — 97 
Blackburn ....00....ccssesse. 322 348 9952 2931 — 07 
Stockport ......... « seesseneeel 306 299 2324 2605 +12°0 
Ashton-under-Lyne........., 458 224 3429 3564 + 3°9 


Section D.—Unions of ordinary Pauperiam. 


Increase per cent. in Number of Deaths. 
Paupers at Midsummer 

and Christmas 1862, 

compared with 1861. 


Midsummer. Christmas 


1862, 1862, 


3 9475 
1 4915 6199 


Statistics of the Tanning Trade of Newcastle-upon-Tyne. 
By the late T. C. Anaus. Communicated by James Ports, 
Thirty years ago Newcastle appears to have taken the lead in the tanning trade, 


but now occupies that position. The present state of the tanning trade in 
Newcastle and Gateshead is represented by the following statistics :— 

Value about 
Bark used during the year 1862, 1780 tons..... . £8758 0 0 
Valonia ” ” 154 4 wc 2202 0 0 
Gambier ” ” 50} y, wc eee . 980 0 0 
Divi divi ” ” BB yy wc eeee 772 0 0 
Shumac ” » 814 » ...0., 4815 0 0 
0} » Cod, and Linseed ” 118 ,, ..... . ty ° ° 

aime an Pigeon re ee eer ee ee ee 
Tallow eee see neeeeeee ween ences eee 100 0 O 
A see aneees Leese ese resins oD ° o 

Stri materials occ esse cer rcecvauteesy . 
B hrsssssstticcccctecsviuccsnesrces, 600 0 0 
um and Soda .......cceseeseccoees soees 200 0 0 
Dogs’ Manure...... cece eee reeeaeees ceeeoes, 280 0 0 
£25,736 0 0 

Raw Materials put into Work. 

Butchers’ hides, 88,020 718tons£24,908 0 90 

Calf-skins .... 62,124 84 , 9,820 0 0 

Sheep-skins .. 46,452 2,822 0 0 
Seal-skins ....163,000 873 ,, 40,750 0 O— 77,800 0 0 

108, 


The above will produce in value when manufactured— 
Butchers’ hides .......+......£47,500 0 O 
Calf-skins eeonoennereeaeeeceseeegseaernas 16,378 0 0 
Sheep-skins ........ss00.05-.. 3,871 0 O 
Seal-skins pateeeserenesenserer 67,915 0 0—£185,659 0 0 


1863. 11 
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Comparison of the Organization and Oost in detail of the English and French 
fe Or9 , ° Statistical 


The following is the analysis of the paper, to which is added the pay tables 


English Army. 
Effectives. Number. * Coat. Cost per head. 
£ £ead 
1. Effective and non-effective services...| 148,242 15,000,237 OK Iz 10 
Deduct charges for auxiliary forces ) 
disembodi militia, enrolled _ 1,222,977 
pensioners, and volunteers. ...... 
13,837 260 93 610 | 
2. Bffectives sand non-effectives ssoseevee| 148,242 13,837,260 
educt from charges, the non- _ 
effectives eaeseeaeeeesesaeseaeses eben “} 2,127,836 
11,709,434 73 318 5 
S. Infantry pay ...........cccccsecescecsscees 102,765 
Cavalry 45 ccocsesssccsacccsccesseccecs os 13,867 
Artillery ,, ...cccccccsccsrcccees coe cceees 23,740 - 
Engi COTE yy ene sreveccccenersons wesnesces 4,906 
Military train pay........ Svecccevesccsecs 1,840 
147,118 4,967,603 3315 3 
4. Administration of the AFTDY eos cnerensss 148,242 164,917 or a | 
Secretary of State for War, Com- 
mander-in-Chief’s department vas “} 148,242 48,260 
Total ....0c..c0s Cceeccccneses — 213,177 r 8 oj} 
5. cenera taf? 143,242 114,976 te] IS 6 | 
: | 
* Senet} 36 | 79476 | 304 5 0 | 
7. War Office, Secretary of State for War. ‘: | 6,000 | sc00 o o | 
Other officers. .......0.... voc cacecceceses 932 153,446 283 19 © | 
8. Infantry of the line, officers, and men.| 81,300 2,479,600 jo ro, 
9. Cavalry of the line ......cccccscsscceees 10,826 448,980 4: 9 8 
10. Engineers OOo Ree eeeSePoencgucesquevesese 4,906 277,142 56 9 9 
ey —_—_—_—————| 
11. Artillery, horse and foot, includ- 
ing 1882 at the depdt............ } #95378 670,608 3613 3 | 


12, Military train............0.. ccccessese e 1,840 71,381 q8 15 4 | 
_ ee | 
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Armies for 1863-64. By Colonel Syxes, M.P., FR. 


Society. y 
of the French and English armies. ly | 
\ 
French Army. . « < 
Effectives. Cost. 
fr. 
1. Effective and non-effective services 434,624,040 
Deduct dotation .... ose 63,340, 
Q, Effectives. oo ccsssesssssssseessee sees 371,984,040 | 37 2 6 
B. Infantry pay ........00ccccecsecseeeeees 
Cavalry 450 ccccsccsceecscsececoeceeees 
Artillery ,,  ..ccccoccseccccrecccccceese 
Engineers ,,  ......cssecccecvccsscesscce 
Military train pay .........scccesescoes 
PetiranAs pay ............ccceccececscees 
353,103 147, 01,500 16 13 4 
4. Administration central personal .../ ) 1 910,538 
9 material . “| 400,000 549,500 o 5 1 
Depbt general Of WAr....sscsssesssees 144,500 
2,604,538 o § § 
5. Etat-major or staff’.............sseceees { 22 6 
Includes sub-officers and clerks ... 21,280,287 183.0 0 
6. Etat-major, Ist article, marshals 8,688,080 438 0 0 
Of France, &C. ......ccssesscccveees 
7. War Office, Minister of War ......... 130,000 | 5,200 0 o 
Other officers ......c0.cscseses eoccecess 479 1,643,998 137 6 8 | 
8. Guard imperial .........scscoeccecesens 17,784 
Infantry of the line in France ...... 199,992 
” ” Algeria eacces ___ 26,247 
Total ....cccosssccscsscocrcceces| 244,023 90,629,169 417 6 
9. Cavalry of the ine....... Ce cececcecs oes $3275 24,043,056 i 3s 8 
10. Engineers seeeeeesete SeeeGgeaeesoeeese eoae 2,937,936 16 18 4 
11. Artillery, horse and foot “s neces seoee 17,350,464 33 6 8 
With subscriptions and indemni- 
ties the cost is ............ eoasee } 19,526,017 zo 8 4 
12. Military train ........ essseuccssensetces 2,316,721 19 3 4 
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Tas e (continued). 
English Army. 


13. Army hospital corps.............-..... 


14. Medical establishment ................. | 148,242 | 281,960 17:05 

15. Commissariat charges........... evel 348,242 1,223 936 $53 

Fael and light for the barrack 278 537 117 79 
department ...........00scceeseeee 143,242 

| ' a a) 

16. Clothing, &c., and establishment ...| 139,630 630,385 4 10 3 


17. Barracks and establishment, &c. ... 


een Feet eee eee 


Works and buildings, and ber-} 


racks at home and abroad ...... ne SC 
1,446,578 915 1 


2,127,838 467°! 


36. Non-cffective services ...... waccescee 


The differences in the departmental organization of the English and French 
approximation to truth in all cases.—W. H. Syxes, 
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TABLE (continued), 
French Army. 


Effectives. Number. Cost. Cost per head. 
fr. & 2. d. 
13. Military hospitals ......0sc00 cosreses 45573 4,921,884 43 0 Io 


14. Medical establishment ............0000{ 400,000 14,753,650 110 8 


15. Commissariat, provisions, forage, 


light, and warming.......ssccvses 400,000 68,772,140 618 4 
16. Clothing and the establishment...... 336,626 16,157,700 1 19 12 
17. Beds and bedding, furniture, &c. 400,000 6,576,961 013 6} 
Infantry buildings, repairs, &c. &c. —_ 10,536,090 
17,113,051 115 7 
18. Justice militaire COS eooser COOL sesEsestese 400,900 ] 260,987 fe] 2 6 
10 Ke HORS craven ft] #00000 | 26,769,010 213 11h 
20. Small arms for 1964 ....... ceececes 2,060,000 
" »  Yepairs, purchase, &c. 1,449,230 
| 8,608,230 


Bt Ge etiald ceenesteeeecesaree, f| 400000 | 8,801,465 
33 F OuUndri@S ...ccccccccocnccces eetees te oe 638,000 
FOTGeS ..cccsccescscesecossesees sce} 400,000 { 420,000 
1,058,000 
, hase of 

38. Comrnes and mules wu... f| 859705 | 5489,950 
94. Military education .........sc..e+005 oes 3,004,033 

25. Buildings and fortifications by the 
engineer corps and departnent f 400,900 10,951,890 


26. Non-effective services, Hétel des 
Invalides, compassionate allowances 000 
to old soldiers, the widows and 400; 
orphans, and to wounded soldiers 


4,555,002 


armies does not admit in some cases of exact comparisons, but there is a satisfactory 
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| Daily pay! Daily 
when | om hamid om Aad 


| . 
fr. | fr. ©. m! fr. e. f. ,;f emf ¢ f& ‘ke. e m & cn 


Etat-major ' - 

| Cola ... ' 795 32 5 2.97 15 3}... seeses | sveeee | 5500 5 27 19037; 
' i 

Lieut.-Colonel | 6235 17 319.2234 9]......]  ...... — 4300 11 94 EI 16 944 

Major ........+-. 5220 14 50 0.18 50 0 9600; 70 00 14 001 36000810 O O14 0 


; Captain, Ist class 4200 |12 66 6.14 66 6 2400: 6666 9 666 


! Znd ,, | 3500' 9 72 3.12 72 22000; 5 555, 8 55 5 


| 


| 
| Lieutenant, 2930 | sis sito 1600; 4444: 6 944 


Ist class ... 

| Lieutenant, 265 | 7375: 9875 — 4 a7 
! 

} 


4 
200 666 6 9655 
i mame | 6 5s 5 8355 


{ 
1600 | 4 44 al 6915 
6 


2nd class ... wo 4a? 


| emiga. t| 2475 | 6 87 5 9 37 3]1350° 3 75 0) 6 25 0) 1300 3 75 ‘ 6 25 6 
nm wee | 1.300] 195 O]...... 19 800) 1150 — 080 © 1150 
10460! 
| Corporals ......| ...... al 1410 sei 9.41 0)} 71 O} ...... 046 0 O710 
; | 0 300 
Privates .sssee| ...000 0650! 1100 0 25 Olt 35 Of --... 030 O 0550 
Boys under 14...| ...... 0 43 0} 0 73 O}...... 0250] 0 45 0}...... 025 0 0450 
|. sbowe 14...) 0.2... © 65 0| 1 10 O}...... 0 40 0} 0 65 O} ...... 0 40 4 seeeee 
surgeon-Major 1 6525 |18 82 5| 23 12 5] 4500| 12 50 0/16 50 0} 4500 [12 50 0,16 50 v: 
| " | 13 61 1/16 61 142950) 8 19 4/11 19 4] 2950) 8 19 411 194 
, under I! 3670 |10 19 4/12 69 4/2000; 5 65 5| 8 &5|2000;555 5 8 55 
| » » 4 3800 | 9 16 6/11 66 6] 1900; 5 06) 7 50 0] 1800/6 0 0 7 500 
i 


* All troops of the line have extra pay while in Paris. 

Note.—Front the “ Aide-Mémoire,” by V. Milet, Lieutenant, 38th regimeat of the lise, 
edition of 1860. 

The French military pay is in francs, centimes, and milliémes. 


Observations on Criminals. 
By Txomas Rosprs, Governor of Newcastle-upon-Tyne Jaal. 

The importance of this subject is attested by the fact that in the year 1880 no 
leas than 100,614 Parsons were committed to the prisons in England and Wales, 
involving a cost of £533,407 18s. 8d. 

In considering the causes of crime, drunkenness, because a ready and plausible 
reason, is frequently assigned as the sole cause of crime; now, though a moet de- 
testable vice, and justly punished as a crime, it is, though an important one, but 
one among many causes. It is often the proximate cause of the lighter class of 
misdemeanors; but the serious crimes of theft and violence are more uently 
committed without the stimulus of drink, with well-arranged plans, and under cir 
cumstances requiring great self-control. 
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TABLE (contweted). 
English Military Pay. 


Regiments of the Line. 


Daily ; Yearly Daily Daily 
pay, | Yo*"y Pey- | pay. pay. pay. 


fr. ¢@ & 2 ad. fr. |S e d@/ fr. «. 

150 011000 0 0} 25,000 |/2 14 9/ 68 50 | { Btat - major 
Colonel. 

8210] 310 5 0} 7,756 1/017 0| 20 1 ILieut.-Colonel. 


27 60 | 292 0 0} 7,500 |0 16 0} 19 20 (Major. 


18 60 | 212 10 6} 5,076 |011 7] 13 90 { Capt Letclass 
° ” ” 


Lieutenant, 
ist class. 
6 80} 118 12 6 3,846 0 6 6! 7 80 |4 1 nant, 


2nd class. 


660] 9916 3} 2395/0 5 3! 6 30 { Sab-Lieut. or 


9 60 —_ — {9 2 0O| 2 40 \Serjeants. 
1 30 _— — |9 1 O| 1 20 |Privates. 
_ _ _ _ __ [ |Boys ander 14, 
» above 14. 
36 273 15 O| 6517 |0 15 O| 18 © |Surgeon-Major1. 
— — — =— ” 2. 
12 Of 188 10 0} 4380/0110 0; 12 0 » under I. 
_ _ _ — — 2. 


When we find that of the 100,614 criminals upwards of 8000 were under 16 
years of age, it must be obvious that the mass of our criminals commence their 
career in childhood, before an appetite for intoxicating drink has been formed. 
The hideous features of the criminal mind show too plainly that bad training is the 
fruitful source of crime. As the young criminal, whose inheritance is poverty, filth 
and a corrupt example, left in brutal ignorance, grows up and exhibits the na 
vanity, violent temper, sensuality, and selfishness, by which he is generally distin- 

ished, in an exaggerated form, he is shunned by the respectable, who shrink 

m even giving him employment ; this is too eagerly made an excuse for in- 
dulging in idleness, which rapidly leadsto crime. There is another class of criminals 
formed of the waifs and strays of families in better circumstances, who, in spite of 

ntal care and some education, become the victims of idleness and sensuality. 

The amount of positive Agmorance in the majority of criminals is almost incon- 
ceivable: of the 100,614 alluded to, 84,279 could neither read nor write; 61,233 
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could read or write imperfectly, leaving less than 5000 who had acquired s very 
moderate amount of education : this ignorance extends also to any occupation they 
may have followed, however humble. 

t is clearly the duty of society to provide asylums for orphans, and enforce 
the education 1 of all classes for some ul future aie tn life. 

Labour is the true foundation upon which any prison discrpline abould 
be based; it ahould have been che of a prisoner's earliest leasuns, and should 
form one of the leading features of his education ; by habitual_industry, the mind is 
more likely to be fitted to receive religious impressions. If reformation be the ob- 
ject sought, prison discipline to be the means, some provision must be made for 
the employment of prisoners when discharged ; this has been succesefally tried in 
London, Wakefield, and Birmingham. No prison of any importance should be 
without a workshop outside, where men could, after discharge, if willing, fit them- 
selves for the labour-market ; thus, in a practical form, the element of hope, 
too long excluded from our systems, be introduced, and remove the prisoners 
ready excuse of not being able to find employment. With reference to the treat- 
ment of prisoners when in prison, any one who will take the trouble to examine 
the subject thoughtfully, be satisfied that the notion that prisoners 
are pampered is, y speaking, a mistake ; at the same time, it does appear 
n that the law and the executive power should be shown to be strong 
enough to deal with the monster evil, and prevent panics such as we lately 


wi 

In managing a great number of convicts, two things are absolutely essential ss 
a foundation : Siret that they should be so completely se from the world as 
to make escape almost impossible ; pecond! , that they vould be so subdivided as 
to prevent dangerous conspiracies. This co effected by planting convict depo 
on islands off our own coasts, the prisoners being placel in a resmber of smal 
prisons, all subject to one governor, who, from a central residence, might have 
telegraphic communication with each, and thereby be enabled, in case of neces- 
sity, to concentrate upon any given point an overwhelming force. The seperate 
prisons would aleo be useful for classification, in some of which a severe discipline 
could be brought to bear upon the worst clase, while the others might be arranged 
for testing di t kinds of discipline, and to suit the different stages of the pri- 
soners in their progress towards reformation ; by this plan the deterrent and r- 
formatory principles may be worked out in their integrity with very little increased 
cost, except at the first for the buildings. None should leave the island, except by 
the gate of reformation, until their sentences were expired. It would bes 
to the sick to keep them, whether they live or dié, where they could have 
spiritual and medical assistance, rather than allow them to retarn to the corrupting 
"Tt will scarecly be denied tha bil regard 

t scarce eni t a responsibility rests upon society with to 

this question, anid that the public should be prepared to help the Jeuitent, as well 
as to punish the incorrigible. 


On the Paris Improvements and thetr Cost. 
By W. Trre, M.P., F.RS., Se. 


After some general remarks upon the necessity that existed for the alteration of 
the communications in the centre of Paris, and upon the strategical motives that 
had led to their adoption, the author of this paper proceeded to consider the ques- 
tion of the cost of those improvements, whieh he had been informed had 
less than that of similar operations in this country. He stated that his impression 
was, that town improvements could never be executed at a lees coet than 70 
cent. of the total outlay; and the result of his examination of the accounts thst 
were presented by the Prefect of the Paris improvements had only confirmed him 
in that opinion. Instead of yielding a profit to the city, as had been pretended, 
they had in all cases involved it in great and serious loss. 

Mr. Tite dwelt upon the encouragement that the Government of France had 
thought proper to bestow upon the course that the city had entered into in this 
matter, by undertaking a portion of the expense, and by authorizing the misny 
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loans by the city of Paris. The sum that the city was authorized to borrow in 
this way was as much as 180,000,000 francs; nor would this in all probability be 
all, for M. F. de Laysterie said (in 1861) that Paris had incurred a total liability of 
$12,000,000 francs for the indemnities of the proprietors whose houses had been 
taken, up to that time; and there were other sources of expense and further 
outlays for the liabilities since undertaken. The Imperial Government had also, 
acconling to the Prefect’s report, paid the city the sum of 40,600,000 francs as its 
proportion of the accounts of the works that had been then settled; and it had, 
im fact, encouraged the city in every way to undertake the duty of remodelling 
the thoroughfares of the metropolis. The consequence was that Paris had been 
changed in its external characteristics, as though by magic; the narrow, tortuous 
streeta had made way for long, straight, wide evards, parks, &c., for the re- 
creation and the health of the people; but it remained to be seen at what expense 
to the inhabitants of the city all this was accomplished, and at what expense to 
the nation. 

The accounts of several of the works were not yet made up, but from the Pre- 
fect’s statement to the Town Council of Paris, it was easy to separate the cost of 
the Halles: Centrales, the Rue de Rivoli, and the Boulevard $chastopol of the 
right bank of the Seine. Now, of these, the operation of the Halles Centrales was 
more exclusively a municipal improvement than such a one as concerned the 
State, and it ought therefore to be compared rather with the removal of Fleet 
Market than any analogous work in our country; the State also did not enter 
into the expense of this operation in any way. The cost of the transfer of the 
Halles to their present position had been, however, as follows:—the outlay in- 
curred for the hase of land and the erection of buildings had amounted to the 
gross sum of 31,796,238°61 francs, of which the city had received, for the sale 
of waste lands, old materials, and properties unsold, capitalized at thirty-three 

ears’ purchase on the rents, the sum of 6,/28,071°24 francs; so that it will 
inally be s loser by this operation of 25,073,167-37 francs, or about 80 per cent. 

The Rue de Rivoli was more decidedly of the character of a city improvement 
than the Halles Centrales, for it served to put in commuhication with one another, 
the Tuileries, the Palais Royal, the Louvre, and the Hotel de Ville; whilst it 
formed the great artery for the traffic of Paris from the east to the west of the 
town. The cost of this operation had been about the gross sum of 108,658,000 francs, 
from which the city derived, for the sale of the surplus land and the old mate- 
rials, &c., the sum of 34,158,320 francs, thus making the net cost equivalent to 
71,504,800 francs. The State intervened for various sums in the result; that is to 
say, it contributed in some cases one-half, in some two-thirds, and in some one- 
third of the outlay ; so that the total amount of its contribution for the expense of 
this street was equal to the sum of 20,740,967:27 franca. This reduced the 
cost of making the Rue de Rivoli to the city of Paris to about 50 per cent. on 
the total outlay ; but it did not affect the real results of the operation, which were, 
that it cost the nation the proportion of 68°57 per cent. of the outlay. 

As to the expense incurred upon the Boulevard Sebastopol, on the portion com- 
prised between the Strasbourg Railway Station and the Place du Chitelet, the 
city of Paria had incurred the outlay of 58,648,665°80 francs. Upon this sum 
it received the amount of 23,880,412-68 francs for the sale of old materials, 
surplus land, &c.; so that the operation showed a total loas of 34,768,153-17 
francs, or about 60 per cent. of the total outlay. The State, however, intervened 
to the extent of one-third of the loss, which will reduce the portion that will be 
incumbent on the city of Paris to the net sum of 28,178,856°10 francs, or about 
40 per cent. of the total cost. But it is to be observed that in all the above 
calculations the interest upon the money is not taken into account, though it 
runs from the day of the jury having given their verdict. 

The accounts for the remaining works that have been undertaken for the im- 
provements of Paris have not yet been made up, as was said before, but enough of 
them is known to enable any one to reason as to their probable cost, which will 
clearly be in the same ratio as those of the Rue de Rivoli and the Boulevard Se- 
bestopol Indeed, the works that have been rendered necessary by-the Boulevards 
Malesherbes and Prince Eugéne, the streets round the new Opera, the Rue de 
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Rouen, the Rue Lafayette, the new streets and boulevards on the island of the 
Cité, and the left bank of the Seine, must have entailed a very considerable ex- 
pense for levelling the ground, and the works that are required to make the ap- 
proaches. The same principle has also been adopted in them as in the parts 
already undertaken; and the quantity of land abandoned for the use of the public 
was very large. Mr. Tite also incidentally alluded to the outlay that the town 
had incurred in the laying out of the Bois de Boulogne, the Pare Monceaax, the 
Bois de Vincennes, the squares of St. Jacques la Boucherie, the Place du Con- 
servatoire, the Palais des Thermes, which he admired very much, but which he 
considered it would be impossible to execute with a municipal body elected by the 
people who paid for them. 

. Tite stated that he had applied, through Parliament, for the statistics of the 
improvements of the city of London, but he had not succeeded in obtaining then; 
all that he had been able to learn was, that the New Cannon Street had cost 410, 
or about £506 per yard forward, and the New Victoria Street £330,675, or about 
£300 per yard forward; but he had not been able to ascertain what the City had 
derived from the sale of the Jand, old materials, &c., in either case. He, however, 
stated that his experience in this matter was, that the expense attending the con- 
version of inhabited house-rent to ground-rents was always an operation that was 
costly in its nature, whatever improvement might be made in the character of 
the houses; and he was disposed to consider the loss of this operation, which 
must always be incurred when town improvements are undertaken, was about 70 per 
cent. of the outlay. The results of the operations in Paris only confirmed him 
in this opinion. 

Mr. Tite finished his aper by calling attention to the means that the city of Pan: 
adopted to meet the calls that were thus made upon it, and for the current expenses 
of the town. He showed that the ordinary budget of the town was 112,536,/7808 
francs, of which the Octroi duties constituted the major part, they being 83,325,816 
francs; the extraordinary budget brought this total to 110,035, 7291 francs, and 
the supplementary receipts, including the proceeds of the loan, swelled the total 
sum to 199,807,203'20 francs. From this he concluded that great caution ought to 
be observed in increasing the debt of Paris, which already had to provide the sum 
of 10,546,788-64 francs for the interest of that debt. 

Mr. Tite, in conclusion, warmly acknowledged his obligations to His Excellency 
Lord Cowley and the Prefect of the Seine, Baron Haussman, for the valuable 
décuments which had enabled him to prepare this paper. 


MECHANICAL SCIENCE. 


On an Improved Caisson Gate. By Admiral Sir Epwanp Bronze. 


THE floating dock-gates proposed were constructed similar to caissons now used 
in the royal yards, but in this instance in pairs hi at the apex, thus facili- 
tating the insertion of the bearing ends into the abutting cavities. They thus 
form together a complete arch, more effectual the greater the resistance or external 

ressure may be against the ingress of water. In undocking, those caissons could 
be attached under the counter of a vessel, and act as a lift, should there be any 
want of water to float her out. 


A. brief Description of a Spirit-level Telescope for observing Altitudes and 
obtaining Latitudes independently of natural or artificial Horizons. By 
Admiral Sir Epwarp BEtcuer. 

The telescope is titted similarly to the transit telescope, with an oblique dis- 
phragm for illuminating the wires. But in this instrument, which has no Y sup- 
porta, or axis for illumination, the light is reflected through a slit in the 
side, which carries a transparent level tube. The bubble brought into contact with 
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the centre wire gives a true level gauge; and the sun or other object being brought 

into contact by the radius bar of the sextant, the altitude is necessarily obtained. 

The telescope occupies precisely the same position as that used in any ordinary 

sextant; and practice, even at sea, soon renders the operation easy. On shore, 

where the sextant can be used with a stand, it will be found very useful for mea- 

suring altitudes of objects of small arc, which could not be reflected in an artificial 
orizon. 


On a Mode of rendering Timber-budt Ships Impregnable and Unsinkable 
under Moderate Crew Power, as in Leaky Vessels. By Admiral Sir Epwarp 
BELCHER. 


Referring to a pamphlet by Mr. Walters, who proposed to effect his object by 
introducing copper cylinders between the timbers, the hold-beams, and indeed 
every opening where cargo did not prevent—calculating that these displacements 
or cells would about compensate for difference of specific gravity between cargo, 
vessel, and gear, so as to simply reduce her to the state of a water-logged craft, to 
save crew, vessel, and such portions of cargo as might be secured in air-tight 
vessels—the author stated that the pneumatic trough had suggested to him the 
propriety of close sealing the holds, or underplanking the hold-beams, and saving 
those spaces between them for the storage of light dry goods above that dec 
(which was generally lost), and placing loose pl as a temporary deck. In the 
event of a dangerous leak, or even a large hole being stove in the bows or bottom 
of a ship, he proposed securing the hatches from beneath to hatches above, screwed 
firmly in opposition to each other, and filled in by pitch from the upper or open 
hatch. It would be apparent that, if the ship was air-tight, the water could only 
enter so long as the air was compressible; and, by inverting the ump boxes and 
rendering them air-pumps, the leak would not only be stopped, but, by the con- 
tinued action of the air, it would be expelled by the very orifice by which it en- 
tered. Therefore the customary and continued labour and wear of the power of 
the crew would not be required to such an extent, if at all, when once the neces- 
sary quantity of air had been forced in. 


On the Decortvcation of Cereals. By Rozpert Davison. 


After giving a description of the structure of 8 grain of corn, the author showed 
the advantages that are to be obtained by decortication ; he then dealt with it in 
ah gienic point of view, and detailed the several qualities of bread made from it, 
and. hermore stated that it is better to make a quali with a&% flours united, as 
in this way can a wholesome and well-flavoured be best obtained. The 
author then stated the principle adopted by Mr. Poissant (the pioneer of this 
system) in order to obtain the complete decortication. He observed, as a singular 
and important fact, that corn having undergone this process was not so likely to 
be attacked by that destructive insect, the weevil—that is, if the corn is carefully 
excluded from the sunshine. The author thus concluded his paper:—1. Decorti- 
cated grain will always be profitable to the world, as it incontestibly yields 10 to 
12 cent. more flour than ordinary millering. 2. It can be done in either 
smal] or large quantities, and not only produces from 10 to 12 per cent. more flour, 
but at the same time from 5 to 6 per cent. more glutinous nourishment. 3, It 
renders corn safe from the attack of the weevil, and therefore renders it more fit 
for storing against periodical seasons of scarcity. Lastly, the machines are simple, 
cheap, lasting, and capable of being worked either by hand or motive power, at 
small cost ; and the system has, in fact, no known drawback, except that pollard, 
bran, &c., which are produced by the present method of millering, will no longer be 
an article.of commerce. But, a3 a set-off, the pellicle which)is produced by the 
new system is found to make an excellent vellum-like paper, which is largely 
sought after in France by bookbinders. 
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On Improvements in Machinery and Apparntus for Clamsing and Peritiin 
Casks. By Rouerr Davisow. 

In the paper which the author read before the Association in the year 1A o 
the ~ Desiceating Process,” he took oecasion to mention its application tw ‘.- 
par-fying of brewers’ casks. one million having at that time undergone the proces. 
ut it had not been made clear that they had a previous operation performed « 
them—namely. that of cleansing—which was effected by machinery of peeuiur 

n=truction. the first of which was introduced in 1&t3 by the author. m cone~ 

Ww. wh Mr. W. Symington. These machines still continne im high repute: but warp 

is, however, one objection—thev are only calculated to cleanse one cask at a ume. 

Fis new process is ag follows:—The mache convists mainly of two cireular Ge. 

with an upright shaft or spindle in the centre. which has a screw at each end |x. 

threads bemg cut rurht- and left-handed) : the two dises have, likewise, each a «: iT 
female 


that is, by timing in one direction the casks are etfeetually aecured between =:- 
two discs, by turning the revorse way they are released. Any momber of casks wi 
the bottom dise will contain. and even a second tier (if desired). cam he fixed ani 
afterwards cleansed at the one operation—d<ay, two sets of five or ten caska. T2 
best cleansing medium is found to be a small quantity of sharp shingle. along » wd 
two or three gailons of hot water. The time cecupied in in cleansing ordinary Ls 
easica is about five minutes. The author further states that he had found sazr- 
heated steam an excellent puritier of both new and old casks. 


ub 


On Improvements in Wirggons and Gan-Carrages. By Grores Fawcr:. 


The author remarked that, during the present vear, two serious acridents hate 
happened from want of prnper | tions when going down hill with heavy loads 
namely. the tire--ngine at > and the boiler-waggon st Preston in Lan- 
eashire. The plan now proposed is to combine a check tw the tendency w nn 
down hill when ascending or descemiing an incline road by a acting “0 8 
pawl rim or toothed wheel on the immer maves or axles of the wheela. The t~'h 
of the pawl wheels are direeted inwards towards the centre of the waggun. Wh 
Se Tees the hauier whedl oboe peelel caeng ne ee 

hinder wheels. when pawled, caenct rum dows i... 
bat act ag drags. ce This arrangement of pawin, ke holds good i the waggun & 
Intended to travel either end jirst without turning round. The pawls. &c.. may 
also be applied to single or two-wheeled carts to them running beck wkea 
going ap hill Two single carts, thus fitted, and back to back, would fcrm s 
good wagon. Applied to to fieli-guns, the pewis would check the reeail of gaat 
when tiring. and TE ee ore at ae one waegon. 
The suguections of the author weer iiustrated by a model of « carriage 
the wheels of which were fitted with pawls m the manner 


On a@ Nae Methat of Constructrang Beats. By Guonas Fawers 


The National Lifeboat Institntion has done much to promote and encouraze the 
rind to certain locales "after ¢ The useful services of the lifeboats ar 


May easily carry sateen boats for landing all on boerd st once. without moe 
(perhape with less) encroachment on the Emited space on deck: and her boats, 
when as proposed, will mutually s en and protect each other from 
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thus be adopted -will lessen the difficulty of launching; and there will then be less 
confusion by these boats being unencumbered, more promptly loaded and despatched 
from the ship’s side—a place of danger in bad weather, with the passengers more 
divided. There will then be less danger of rushing to the best or first boat, when 
every one on board is satisfied that there is room enough in the boats for all, and 
that all are equally good. 

The boats are so constructed that any number will fit one within the other, as 
internal projections are dispensed with and thwarts folded. J lat, half-round, or 
angle iron or iron plates are used to impart the necessary strength. Although the 
mventor prefers to form the boat with two bows, they may yet be made with a - 
bow and stern. These boats are, moreover, admirably adapted for pontoon pur- 
poses, as the displacement of each boat is equal to that of a pontoon ; and half-a- 
dozen boate, with the displacement of six pontoons, may be packed in the space 
of one pontoon. —_____ 


Remarks on Armour-Plating for Ships. By Captain Doverss Garton, F.R.S. 


After referring to the experiments on the Warror target, the author remarked : 
The most severe test to which any target has been subjected at Shoeburynesa is 
far less severe than the ordeal which ships would have to withstand in defending 
the entrance of or in forcing a passage into a harbour. At the trial of the Warrior 
target, already referred to, the nature and extent of the test to which it was sub- 
jected were as follows :—Twenty-nine rounds in all struck the target, embracing 
e total weight of 3336 lbs. of metal, propelled by 400 lbs. of powder, and repre- 
senting an amount of work done in foot-pounds of 62,570,000; of this total, how- 
ever, 32,392,000 go to the credit of shell and solid shot at low velocities, which 
are held to be ost innocuous against such targets as the Warrior. Of the 
thirteen rounds of solid shot at high velocities, four only were 68-pounders (and 
oue of these is said to have missed the target), representing work done to the ex- 
tent of 10,260,000 foot-pounds—about one-sixth of the total work; and, if one 
round missed, as alleged, one-eighth. Thus, three out of the twenty-nine rounds 

to the credit of the old 68-pounder, which is said to be the most effective 
in the service against iron plates. Of the twenty-nine rounds not more than five 
or six were in salvo, and yet the plates were deeply indented, buckled, and 
badly fractured, and many of the fastening-bolts were broken; so that, had the 
target been part of the side of a ship rolling on the sea, the plates would probably 
have fallen off in consequence of the destruction of the fastenings. But the strain 
in such a test as this is far less than that from a well-concentrated broadside, such 
as the crew of every French ship is re ly exercised to give. The arrangement 
required for the armour-plating of a ship is a strong front plate, in which deflection 
under blows shall be prevented, but which shall have some cushion behind to pre- 
vent the full concussion of the blow being communicated to the side of the ship. 
The best form to distribute material in a beam, so as to prevent deflection, is to 
obtain depth ; hence, in tubular girders, the top and bottom flanges are separated 
by a comparatively light web. Without exactly comparing the effects of the blow 
of a shot to the weight of a beam, it is apparent that as the best form in which to 
place the material to resist shot is that which will allow of the smallest yielding at 
the point of impact, it follows that, after reserving a sufficient face of metal for the 
front plate, the remainder should be placed in that shape which is resorted to for 
cbteinin stiffness in beams. The authorthen described the target invented by 

. ers. 


On Air-Engines and an Air-compressing Apparatus. 
By J. Jameson, Close Engine- Works, Newcastle-on-Tyne. 

The author pointed out that in the steam-engine not more than one-seventh of 
the total consumption of heat was utilized, and then proceeded to enumerate the 
causes of the non-success of the air-engines which have hitherto appeared, re- 
ferring to two as types of the whole. In the first he showed that, in addition to 
the heat required to work the engine, there was a consumption of heat in the hot 
chambers of the generators, resulting only in the development of heat in the cold 
chambers, which actually resisted the action of the engine ; that this absorption and 
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development of heat acted injuriously in three ways: rie its sbeorption in the 
hot chamber diminished the working pressure; nex$, its development in the cald 
chamber increased the resistance; and, thirdly, in interfering with the action of the 
respirator. He also stated that the mechanical necessity existing for keeping all 
arts of the machine at once in motion, producing excessive cushioning, resulted 
in a loss of effect, represented by from two to four cubic feet of air for every foot 
of air contained in the working cylinder at the best point of its stroke; and he eaid 
that the operation of these causes necessitated the employment of excessive hest 
or very slow speed—an almost fatal alternative. The second of air-engine, he 
‘ said, required the employment of extremely large apparatus, use there was s 
pressure-diagram and a resistance-di caused by the working of a pump, and 
the total diagram must always, therefore, amount to three times the effetive dia- 
m. In the air-compressing apparatus he described, he pointed out how these 
Sefects were obviated :—That there was no necessary transference of heat from the 
hot to the cold chambers, but that the total heat absorbed in the hot chamber 
was converted into mechanical effect, and therefore a lower d of heat might 
be employed. That there was no difficulty in the arrangement cushioning in 
the working cylinder. That the highest point of pressure obtained in the 
rator was not again lost, as it was in all other cases; and that, in addition to the 
improvements effected on the first ‘ype of engine he described, the new a arate 
was capable of receiving the whole effect obtainable by the use of the second orm of 
apparatus without its resistance, and at high instead of low pressures. He finally 
referred to the advantages to be derived from the use of air instead of steam, 
which he stated to be a saving of fuel, freedom from risk of explosion, bursting 
under air-pressure being comparatively harmless, if it should occur; but he 
that no safety-valves were required in the apparatus described by him, as it was 
self-governing in the production of pressure. It was not liable to derangement 
It would work reversed as well as forward. Insurance was not affected by the nse 
of the engine; and the compressed air might be applied in any situation, being 
laid on like gas, to be used when and how it was required. 


On Extinguishing Fires. By C. B. Krxa. 


The subject, he remarked at the outset, was one of grave importance, touching, 
as it does, the safety of our lives and our property. In large manufacturing 
towns and cities, where immense wealth, in the shape of merchandise, ia closely 

acked and stored, the importance of an improved construction of fire-proof war- 

ouses cannot be overrated. It was the object of this paper to give in a succinct 
form a few facts collected from practical experience. er referring to the im- 
portance of carefulness, and remarking that though buildings could not be made 
wholly fire-proof, they could be constructed with a view of rendering them im- 

ervious to fire, viz. to resist, not to assist, any fire that may break out upon their 

oors, the author described certain fire-proof buildings, and noticed the mode of 
applying water to extinguish fires. The best means of arresting firea, he observed, 
Was & Very wide question, as the only limit to the means was the expense. On 
the Continent, generally, the whole was managed by Government, and the firemen 
were placed under martial law, the inhabitants being compelled to work the en- 

ines. In extinguishing fires of any magnitude, the steam fire~engine must ever 
Fold the foremost place, not only on account of the development of power, but on 
the more important score of economy. Having alluded to the first steam fire 
engine constructed in England by Mr. John Braithwaite, in the year 1830, and the 
taking up of the subject by the Americans subsequently, he ibed the main 
features of the engines constructed by different companies, and stated that Messrs 
Merryweather and Son were now manufacturing steam fire-engines, and had suc- 
ceeded in bringing out two very good serviceable engines, named the ‘Deluge’ and the 
‘Torrent.’ He next gave a description of steam fire-engines used for service in the 
water, and concluded by expressing a hope that the discussion of the subject might 
bring to light features which had been hidden from the public generally, and 
increase to greater efficiency the present arrangements for the suppression of fires 
in many of our large towns and cities. 
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The Newcastle and Gateshead Water- Works. By D. D. Main. 


The Newcastle and Gateshead Water- Works, as originally constructed in 1848, 
consisted of five reservoirs formed in the valley of Whittle Burn, about twelve 
miles north-west of Newcastle-upon-Tyne. The drainage-ares was about 4340 
acres, the capacity of the reservoirs 215,000,000 gallons, and the pipe to convey 
the water to Newcastle was two feet in diameter, and capable of carrying from four 
and a half to five million gallons per day. The amount of rainfall was ascertained 
to be twenty-four inches per annum; and it was assumed that as, in a district of 
an ordinary c r, one-third of the rainfall finds its way iato the rivers, in a 
peculiar locality like Whittle Dean, where the declivities were rapid, the ground 
impervious, and vegetation scanty, the proportion of water which would be carried 
off by the natural channels of the country could not be taken at less than one- 
half. Twelve inches of rain over an area of 4340 acres would have produced 
3,250,000 gallons per day; and as the coasumption was then only 700,000 gallons 
per day, and the reservoirs were laid out to contain ten months’ suppl , it did 
appear to the promoters that the works were of sufficient magnitude for many 
years to come, and that ample provision had been made against the longest drought 
ever likely to happen. The works were brought into operation in October 1848, 
and were found sufficient until the year 1850. The consumption had in the mean- 
time increased to one and a half million gallons per day, and the number of persons 
supplied with water from 10,275 in 1845 to 62,740 at the end of 1849, The reservoirs 
could then only hold a supply for about five months. In the middle of February 
1850 a drought commenced, which lasted till the end of October, during which the 
stored water went continually down; and the company were obliged before the end 
of summer to have recourse to the works which they had purchased of the pre- 
vious company, and to pump from the river Tyne in aid of the supply from the 
reservoirs. It was found that, instead of the rainfall being 24 inches that year, it 
was only 17°68 inches ; and instead of the available quantity being 12 inches, the 
water actually impounded only amounted to 6} inches. But it was also disco- 
vered that the rain available for water-works falls almost entirely in the winter 
months, and that to take full advantage of the collecting-ground the reservoirs 
should be of such magnitude as to impound all that falls, it being unsafe to depend 
on the summer rains, which, unless they are heavy and continued, are quickly 
abeorbed by the land. After very dry weather it is not unusual for rain to fall to 
the depth of an inch, and none find its way to the streams. But in a district like 
this, where the rainfall is so limited, and droughts extending to six and eight months 
are of frequent occurrence, even great storage-capacity is not to be relied on. The 
original capital of the company, £200,000, has since been more than doubled; the 
reservoir-storage has been increased from 215 to 590 million gallons, and the 
drainage-ares m 4340 to 17,300 acres. In the last Session of Parliament power 
was obtained to supply the water of the River Tyne for manufacturing purposes, 
and to construct a large impounding reservoir of to 600 million gallons, gaug- 
i having been previously taken which showed that in ordinary years<that 
adaitional quantity could be obtained from the company’s present streams. When 
the company commenced operations in 1845, the quantity consumed was 700,000 
gallons per day, and the system of supply intermittent and irregular; but in their 

t Act of Parliament they voluntarily bound themselves to give constant service 
and unlimited supply. At that time the lowest rate for water was ten shilings per 
annum, a scale of charge which prohibited the poor from having it in their houses 
at all; and the custom was to carry it from the street pants or fountains, where it 
was retailed at a farthing per skeel of three gallons. By the present company 
these pants were gradually abolished; the charge to a poor person occupying & 
single room was fixed at tive shillings per annum, and where houses were let in 
several tenements, which is the case to a great extent in this town, and the tenants 
could be supplied at one common tap, the company was at the entire expense of 
the exterior and interior pipes and fittings. By these measures the supply was 

tly extended; and the company may now be said to supply the whole popu- 
tion where their pipes are laid, amounting to about 165,000: The gross daily 
supplyis 4,700,000, or about 28 gallons per head, one-fourth of which is consumed by 
ways, manufactories, and for trade purposes generally, leaving 21 gallons per 
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head for domestic consumption. In 1854 the water in the reservoirs was tested 


for hardness by Dr. Smith, of Manchester, and found to be 132 The water 
has also been analyzed by different analytical chemists, and to be composed 
of the following ingrediénts :— 
| Dr. Smith, Dr. Letheby, | 
| March 1854. February 183. 
Carbonate of lime and magnesia ...... 6:54 13-01 
Sulphate of lime ................00-. 6-13 405 
Alkaline chloride.................05- 4-23 168 
Oxide of iron and silica .............. 81 
sec e ees c cece eeeeeee 2°38 1-21 
Total solid contents in grains per 21-33 


imperial galion................ | 


Carbonate of lime........... - 

Carbonate of lime and magnesia. . 
Sulphate of lime .............. 
Alkaline chloride .............. 
Oxide of iron and silica ........ 


Organic matter ............000- 


Total solid contents in grains 
per imperial gallon ...... : 


It only remains to mention the system of supply. The reservoirs at Whittle 
Dean are 360 feet above high-water mark of the at Newcastle, but, on account 
of the friction along the twelve miles of main pipe, the water does not reach by 
gravitation the houses in the highest of the town. About one-fifth of the 
whole has to be pumped to these high districts, and for that the compsny 
have a fifty-horse-power engine at Benwell reservoir, whence the water is farced 
to a reservoir at Benwell Bank top, 400 feet above high-water mark, which com- 
mands the most elevated houses in the town and suburbs. 


The Ass Moreno explained the action of Caselli’s auto-telegraph, now actually 
at work between Paris and Marseilles, by means of which a fac-simile of the 
writing of the m is transmitted ; and he exhibited specimens of handwriting, 
portraits, &c., thus effected. 

The Anpf Moreno exhibited a model and gave explanations of Messrs. Bourdan 
and Saleron’s apparatus, termed “ Injecteur pour les Solides.” 

The AsBf Moreno exhibited and gave explanations of the “Ventilateur 3 
psaction ” of M. Perigault de Rennes, and of the “Balance Aérostatique” of 

eiler. 


On Bridge Foundations. By T. Paar. 

The object of the author was to show the system pursued by him without the 
heavy cost of coffer-dams. The system adopted by the author consists in the we 
of cylinders of iron filled with brickwork or concrete. The foundation, he 4, 

t be described as a part of a structure, which resisted the weight of the supe! 
““ructure; and it was evident that the higher the horizontal plane of the resisting 
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mass was, the less was the weight of the superstructure upon it, and the better 
adapted as a foundation to resist its pressure. He then described the system he had 
pursued in the construction of four bridges over the Thames, and also of the pier 
at Greenock. He considered it important that the foundation of each pier should 
be one undivided structure; that it should not be broken into separate parts, as it 
‘was in cases where cylinders were used; and that, besides the resistance due to the 
horizontal area of the foundation, it should embrace the additional resistance 
afforded by the friction due to the vertical surface of the pile; and this, short of 
founding on rock itself, would present the most solid resisting mass that could be 
found. The eystem afforded great facility and rapidity of construction, and ita 
epplication to harbours of refuge waa a subject of great interest and importance at 
the present time, both for expedition in completing the works and for economy. 


New Plan for Hanging Dock-Gates. By R. A. Pracock, C.E., of Jersey. 


The works of docks and harbours must necessarily be strong and durable, and 
therefore expensive; but any new methods of construction which are sufficient! 
durable and convenient, and by which expense is considerably reduced, are so muc 
gained (he exhibited models of gates, showing how the mortices and tenons were 
immovable). Shipping having gradually but largely increased in dimensions during 
the last twenty years, it became necessary to provide wider and deeper water- 
‘ways to docks, and consequently dock-gates of greater height and length. Rollers 
for the outer ends of the gates to travel upon, by means of tramways at the bottom 
of the water, were apparently thought indispensable. These tramways, being below 
the level of the sill of the lock, necessarily became more or less covered with mud, 
sand, &c., and were, a8 a matter of fact, so difficult to open and shut with suitable 
expedition, as to render necessary the very valuable but at the same time very 
- costly hydraulic apparatus now in use. The question is, Can gates be so constructed 
as to carry themselves without rollers, and so as to save a large portion of their 
first cost, and the whole of the heavy first cost and annuai expense of hydraulic 

r? After mentioning a number of inconveniences incident to the present 
system of dock-gates, he went on to say—To prevent all these inconveniences, 
why not treat the dock-gate like an ordinary field-gate ?—make all ita parts strong 
in proportion to its weight, which, in the present case, is about 45 tons; make it 

itself, and so dispense with rollers and tramways. He then proceeded to de- 
scribe, first, the girder and its fastenings, which are to our dock-gate as a 
gate-post carries its field-gate, and then the suspended gate from the girder. He 
then remarked that this 1s clearly an advantage over gates of the usual system, 
where the pivot is at the bottom, and inaccessible on account of the weight of the 
te, and aleo on account of the mud and the water: the bottom of the heel-poat 
fits into a strong cast-iron shoe. He then referred to the construction of the gate, 
so as to secure sufficient rapidity and enable the gate to carry itself without the 
use of rollers; and having described the minor details of the gate, went on to show 
the immobility of the tenons and mortices. He stated that four lockmen could 
work two pairs of these gates at a cost for wages of only about £200 per annum, 
and the heavy cost of hydraulic power is got rid of altogether. 


Description of the Large Gyroscope used by Sir William Armstrong in his 
investigations on Rifled Projectiles. By Professor Witt1am Poxz, F.R.S. 
At an early period of these investigations Sir William perceived that the motion 
of a rifle ball had considerable analogy with that of the spinner of the gyroscope ; 
but, as the instruments usually sold under that name were imperfect, he contrived 
@ much r and better form of the machine, which enabled him to study more 
satisfactorily the nature of its motion, and more particularly to ascertain accurately 
the numerical value of the various elements entering into its calculation. Mr. 
Pole had, at the time referred to, been requested by Sir William Armstrong to 
undertake the theoretical investigation of the action of the machine. He pro- 
duced and worked the instrument, and gave a general exposition of its principles, 
and of the formuls referring to it ; and he finally showed ite application to explain 
some facts in gunnery. 12 

1863. — ‘ 
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Richards’s Indicator for Steam Engines. By C.T. Porter. 


This instrument (invented by Mr. Charles B. Richards, an engineer of Hartford, 
Connecticut, U.S.) is constructed on a plan by which it is found that the errors in 
the motion of the paper and those in the motion of the pencil are quite avoided, 
and correct diagrams are obtained under all circumstances. The principal dis 
tinguishing features of this instrument are a short and strong spring, a short mo- 
tion of piston, and light reciprocating parts, combined with a considerable ares of 
cylinder, and an arrangement of levers and a parallel motion for multiplying the 
motion of the piston in such a manner that the diagram is described in the usual 
way and of the ordinary size. The proportion between the motion of the piston 
and that of the pencil is a matter of discretion; that which has been adopted is 
1 to 4, and the steadiness with which the indication is drawn by these instruments, 
even at the highest speeds of piston, leaves nothing to be desired. 

In respect to the ability of these indicators to give diagrams which shall be per- 
fect! accurate, it is to be observed that the spring moves without any tendency to 

end, and the motion of the piston, and the length of cylinder to be filled with 
steam as the piston rises, are one-fourth of those in the ordinary indicator. It is 
assumed, also, that if the motion could be frictionless, then the approach to simul- 
taneouaness in the action of an indicator would be in a direct ratio to the strength 
of the counteracting forces, existing in the pressure of the steam on the one side of 
the piston and the resistance of the spring on the other, and in an inverse ratio to 
the distance through which the piston has to move upon any given disturbance of 
their equilibrium. But, moreover, the motion cannot be absolutely frictionlese ; and 
if the friction should be equal in two indicators of different strokes, then the resist- 
ance from it, in each one, would be in proportion to the length of its stroke ; and if 
the resistance from friction should be equal in two indicators having different areas 
of piston, then its effect on the diagrams given by them would be in an mvere 
ratio to the areas of the pistons. In every view which can be taken, it is evident 
that the features embodied in this indicator—namely, a strong spring, short motion 
of piston, and light moving of parts, combined with a reasonably large ares of 
cylinder—are essential for the attainment of truth in the diagram. 

General Construction of the Indwcator.—The parallel motion is made as compact 
as possible. For this purpose, a lever of the third order is employed to multiply 
the motion, and the extremities of the line drawn by the pencil are itted to 
have a slight curvature, which considerably reduces the fongth of the rods, and 
does not affect the usefulness of the instrument, the curvature at the lower end 
being below any attainable vacuum, while the extremity of the scale above is very 
rarely employed. 

The indicators are made of a uniform size ; the area of the cylinder is one-half of 
& square inch, its diameter being °7079 of an inch. The piston is not fitted quite 
steam-tight, but is permitted to leak a little; this renders its action more nearly 
frictionless, and does not at all affect the pressure on either side of it. The motion 
of the piston is 3§ of an inch, and the motion of the pencil, or extreme beight of 
the diagram, is 3} inches. The paper cylinder is 2 inches in diameter; and the 
length of the diagram may be 5} inches, if this extent of motion is given to the 
cord. The diagram is drawn by a pointed. brass wire on metallic paper. This 138 
great improvement over the pencil; the point. lasts a long time, cannot be broken 
off, and is readily sharpened, and the diagram is indelible. The steam-passage has 
two or three times the area usually given to it. The stem of the indicator is conl- 
cal, and fits in a corresponding seat in the stop-cock, where it is held by a peculiar 
coupling, shown in section in the accompanying woodcut ‘illustration of the indi- 
cator. is arrangement permits the indicator to be turned round, so as to stand 
in any desired position, when, the coupling being turned forward, the difference In 
the pitch of the screws draws the cone firmly into its seat ; and when the coupling 
is turned backward, the cone is by the same means started from its seat. The 
leading pulleys may be turned by some pressure, to give any desired direction to 
the cord, and will remain where they are set. By these means the indicator ca0 
be readily attached in almost any situation. ; 
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In order to adapt this indicator for use on engines of every class, the gprings are 
made for it to nine different scales, as follows :— ee 


No. 1. }-inch motion shows 1 lb. pressure 
on the square inch ; indicates from —l5to+ 10 
” 2. 1s ” 9 ” ry) ” —15 yt 22:5 
” 3. ts ” ” ” ” ” —15 ” + 35 
” 4, aE ” ” ” ” —15, »>+ 60 
» & ” . ‘5 5 Atmosphere to + 75 
” 6. va ” 3 i} 9 ’” ’” + 100 
3) 7. Pd y) ” 9 93 9 99 + 125 
” 8 75 9 ” 99 ” ” ” + 150 
” 9 t ” ” ’ 9 9 ” + 175 
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Each of these springs will fit every instrument alike. All of the scales ex 
No. 2 are multiples of 8; and the common rule will measure all the diagrams, if 
proper scale is not at hand. It will be observed that the five higher scales do not 
indicate the vacuum, as the greater number of engines which work steam at hig! 
pressures do not condense, and, moreover, at these pressures the scale of the indi- 
cation necessarily becomes small, while it is always highly desirable to show the 
vacuum on a large scale. Spring No. 1 may be employed to indicate the vacuum 
in engines which work steam at high pressures and with condensation. It can be 
readily substituted in the indicator, and the diagram which it will give will be ca 
a satisfactory scale. It is provided with a stop, which prevents it from being com- 
pressed too much, so that a high pressure of steam will not injure it. Moreover, 
the vacuum being omitted from the scales which go above 60 Ibe., the entire range of 
the pencil is available for the pressures above the atmosphere, which are therefore 
shown on a somewhat larger scale. The springs indicating pressures above 60 bs 
will be made, however, ¢ to indicate the vacuum also, when so ordered. designed § 

e springs are tested with a hi sensitive a) expressly designed for 
the p ‘ and are corrected for a tem rature of Bie, which is the temperature 
at which they will work under almost al circumstances, and at which their acca- 


racy is guaranteed. 
Thompson's Universal Stopper for Bottles, ce. By D. PusE.er. 


An Investigation on Plane Water-lines. 
By W. J. Macquorn Ranxine, C.Z., LL.D., F.R.SS.L. & E-, $e. 


1. This paper contains an abstract of a mathematical investigation which bss 
been communicated in detail to the Royal Society (see Phil. Trans. 1864). Br 
the term “plane water-line” is meant one of those curves which a particle of 
a liquid describes in flowing past a solid body, when such flow takes place in plane 
layers. Such curves are suitable for the water-lines of a ship; for during the mo- 
tion of a well-formed ship, the vertical displacements of the particles of water near 
the surface are small compared with the dimensions of the ship ®. 

2. The author refers to the researches of Professor Stokes (Camb. Trans. 1842) 
“On the Steady Motion of an Incompressible Fluid,” and of Professor Wilham 
Thomson (made in 1858, but not yet published), as containing the demonstration 
of the general principles of the flow of a liquid past a solid +. 

8. Every figure of a solid, past which a liquid is capable of flowing smoothly, 
generates an endless series of water-lines which become sh in their forms 8s 
they are more distant from the primitive water-line of the solid. The only 
exact water-lines whose forms have hitherto been completely inveetigated are 
those generated by the cylinder in two dimensions, and by the sphere in three 
dimensions. In addition to what is already known of these lines, the author points 
out that when a cylinder moves through still water, the orbit of each particle of 
water is one loop of an elastic curve. 

. The profiles of waves have been used with succeas in practice as water- 
lines for ships, first by Mr. Scott Russell (for the explanation of whose system the 
author refers to the ‘Transactions of the Institution of Naval Architects’ for 
1860-62), and afterwards by others. As to the frictional resistance of vessels 
having such lines, the author refers to his own papers—one read to the British 
Association in 1861 and printed in various engineering journals, and another reed 
to the Royal Society in 1862 and printed in the Philosophical Transactions {. 

5. The author proceeds to investigate and explain the properties of a class of 
water-lines comprising an endless variety of forms and proportions. In each series 


* As water-line curves have at present no single word to desi them in mathems- 
tical language, it is proposed to them Neoids, from yvnds, the Ionic genitive of vatt. 
ut See “also a paper by Dr. Hoppe, in the ‘Quarterly Journal of Mathematics’ for 

t See also a paper by the author on the Computation of the Probable Engine- and 

posed Sh i 


Speed of pro ipe, in the Transactions of the Institution of Naval Architects for |S; 
also a treatise on ‘ Ship-building,” 1864. 
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of such lines the primitive water-line is a particular sort of oval characterized 
by this property—that the ordinate at any point of the oval is proportional to 

e angle between two lines drawn from that point to two foci. fin fig. 1 of the 
Plate illustrating the author’s paper in Phil. Trans. 1864 (not yet published), 
LB represents a quadrant of such an oval, O being its centre, and A one of the 
foci; the other focus is at an equal distance from the other side of the centre. 
Ovals of this class differ from ellipses in being considerably fuller at the ends an 
flatter at the sides. 

6. The length of the oval may bear any proportion to its breadth, from equality 
(when the oval becomes a circle) to infinity. (In the Plate referred to above, the 
length O L is to the breadth O B nearly as 17 : 6.) 

- Each oval generates an endless series of water-lines, which become sharper 
in figure as they are further from the oval*. In each of those derived lines, the 
excess of the ordinate at a given point above a certain minimum value is proportional 
to the angle between a pair of lines drawn from that point to the two foci. 

8. There is thus an endless series of ovals, each generating an endless series of 
water-lines; and amongst those figures a continuous or “ fair” curve can always 
be found, combining any proportion of length to breadth from equality to infinity, 
win any degree of fulness or fineness of entrance, from absolute bluffness to a 

e-edge. 

9. The | lines thus obtained present striking likenesses to those at which naval 
architects have arrived through practical experience ; and every successful model in 
existing vessels can be closely imitated by means of them, from a Dutch galliot 
to a racing-boat. . 

10. Any series of water-lines, including the primitive oval, are easily and 
quickly constructed with the ruler and compasses as follows. Parallel to the 
longitudinal axis OX, draw a series of straight lines at equal distances apart. 
Through the foci draw a series of circular arcs AC,, AC,, &c., so as to contain a 
series of angles found by dividing those distances by 

OL?—OA?_ 
20A 


Each of those circular arcs indicates the direction of motion in still water of 
each of the particles that it traverses. Then through the angles of the network 
formed by the straight lines and circular arcs draw a series of curves; these will be 
the required water-lines t. 

The centre of curvature of the oval at L is the focus A. 

11. The following curves, traversing certain important points in the water-lines, 
are exactly similar for all water-lines of this class, and are easily and quickly con- 
TM is'e hyperbola hevin of agp oesing th O at angl 

18 & a having a pai totes crossing the axes at O at es 
of 46°. It traverses all the points at w ich the motion of the particles in still 
water is at right angles to the water-lines. | 

LQN and LP are the two branches of a curve of the fourth order, having a 

ir of asymptotes which traverse O, making angles of 30° with OX. A straight . 

ine joining L and P makes an angle of with LO. The two branches cross 
the axis O X at L, making angles of 45°. The branch LQN traverses a series of 
points, at each of which the velocity of gliding of the particles of water along the 
water-line is less than at any other point on the same water-line. The branch 
L P traverses a series of points, at each of which the velocity of gliding is greater 
than at any other point on the same water-line. 

12. The axis O Y from B to P traverses a series of points of minimum velocity 
of. giiding from P onwards it traverses a series of points of maximum velocity of 


& 
13. Savery water-line, complete from bow to stern, which passes within the 


* As a convenient and significant name for these water-lines, the term ‘“ Odgenous 
Neoids” is proposed (from ’Qoyevis, generated from an egg, or oval). 

t The first employment of a graphic process of this kind is due, it is believed, to Pro- 
feasor Clerk Maxwell, who applied it to certain curves connected with electricity and mag- 
netism. 
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point P, has three points of minimum and two of maximum velocity of gliding; 
while every water-line which passes through or beyond P has only two points 
of minimum and one of maximum velocity of gliding. Hence the latter clas 
of lines causes less commotion in the water than the former. 

14. On the water-line P Q which traverses the point P iteelf, the velocity of 
gliding ch more gradually than on any other water-line having the same 
proportion of length to breadth. Water-lines possessing this character can be 
constructed with any proportion of length to breadth, from ./3 (which gives a2 
oval through L and P) to infinity. The finer of those lines are found to be nearly 
approximated to by wave-lines, but are less hollow at the bow than wave-lines ar. 

5. The author shows how horizontal water-lines at the bow, drawn 
to this system, may be combined with vertical plane lines of motion for the water 
at the stern, if desired by the naval architect. 

16. In this, as in every system of water-lines, a certain relation (according to 
principle first pointed out by Mr. Scott Russell) must be preserved between the 
engths of the after-body and fore-body and the maximum speed of the ship, in order 
that the appreciable resistance may be wholly frictional and proportional to the 
equare of the velocity (as the experimental researches of Mr. J. R. Napier and the 
author have shown it to be in well-formed ships), and may not be augmented by 
terms increasing as the fourth and higher powers of the velocity through the pro- 
pagation of diverging waves. 


Deseription of Corrugated Armour of Steel or Iron for Ships of War. 
By Groner ReEprorp. 

The method proposed is founded upon two principles of strength—cohesive 
strength and mechanical strength. The plates, being made of steel, hardened and 
tempered as nearly as possible up to the cohesive h of the Whitworth shot 
and shell, are of two kinds—one thick and corrugated, the other thinner and plain. 
The steel corrugated plates, which are 3 inches thick, are placed upon the thinner 
plates of 1 inch, also tempered, and bolted through the skin of the ship—to the ribs 
In an iron ship, or to the timbers in a wooden one. If iron plates of the corru- 
gated form were backed with an inch plate of steel, hardened and tempered, the 
author thought that they would prove impenetrable; and even smooth iron plates 
of 4 inches, thus laid upon steel, would be more effective than iron plates even of 
7 inches thick, backed by timber. The author states that the advan of the 
plan proposed are, besides the protection of the ships, the reduction of the weight 
of armour much below that contemplated for the new ships of war, and below that 
of the Warrior, the Achilles, and the Minotaur. The saving of at least 1 inch in 
thickness of plates would give a reduction of 100 tons; and, if it should be found 
that timber backing can with this armour be dispensed with (a point now ao much 
the subject of inquiry), the reduction of weight would be about 260 tons in a ship 
of the Warrior class. The extra cost would be, to a great extent, met by the 
saving in the thickness of plates and the timber backing. The author looks to 
the development of the working of steel, and the conversion of iron into that fer 
stronger metal, for the acquisition of a lighter and impregnable armour for ships of 
war, & desideratum which can never be obtained by merely increasing the thick- 
ness of iron to any extent a ship could carry and be fit for ocean service. The 
author stated that steel plates of this kind could be manufactured at about one- 
third more than the cost of the best iron armour-plates. 


° Rifled Ordnance. By G. Ricwarps. 


The author suggested and illustrated a sguare-bore gun introduced by him, to 
give greater initial velocity to projectiles than was attainable by any plan yet oe 
posed, inasmuch as the area of the square bore was at least 20 per cent. more than 
that of the circular bore containing a shot of the same diameter, thereby exposing, 
by using a wad or sabot, a greater surface to the impact of the ignited powder. 
The author also showed a method of loading heavy ordnance (applicable to ss 
service) by means of a loading-rod. The method of loading the was by means 
of a loading-rod passing through a perforation in the breech of the gun, and thence 
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to the muzzle. The cartridge used was also made with a perforation, through 
which the loading-rod passes. The loading-rod was quickly attached to the base 
of the projectile at the muzsle of the - Both rod and ch were quickly 
drawn into the chamber of the piece, disconnected in readiness for loading, and 
the breech was then closed by a small apparatus, such as a revolving disk. 


On the Paper-Manufactures of Northumberland and Durham. 
By W. H. Ricnarpson. 

The author stated that the principal improvements that have been made in the 
manufacture of paper in late years are in the details and general efficiency of the 
machinery, whereby a much larger quantity of paper is made with the same appa- 
ratus than formerly ; and in the superior management of the chemical processes. The 
introduction of Esparto Brass, the importation of which has been steadily increas- 
ing, was also noticed: 10,000 tons of this were imported in the year 1862 into the 
port of Newcastle alone, the greater part of which was forwarded into Scotland, 

cashire, and elsewhere. sparto, or aifa, as it is called on the African coast, 

ia & coarse which grows in sandy places in almost all the countries bordering 
on the Mediterranean, and has been used from time immemorial for making mats, 
ropes, &c., and has been extensively used for paper-making since 1860, mainly by 
the exertions of Mr. Thomas Routledge, the patentee of the only successful proceas. 
No material alteration in the machinery or apparatus is required for working esparto 
by this process, and very much less power is required. The successful worki 
of this bre depends on the careful and proper adjustment of the quantity an 
strength of the chemicals employed. The quantity of soda ash required for 
neutralizing the gummo-resinous matters in the fibre, so as to admit of its bein 
made into a pulp, is very large, though not so great as is required for straw; an 
the fib e rags, never having before been subjected to bleaching or other 
chemical treatment, also requires very much more bleach-powder to bring it toa 
colour suitable for printing-paper. The quantities required are from five to six 
times as much as for cleansing and bleaching the coarsest rags. Nearly all news- 
paper, not excepting that on which the Times is printed, contains a portion of 
esparto ; and some of the penny daily papers published in Edinburgh contain only 
one-fourth of rag material. The large supply of paper-making material from this 
source has been most opportune. Rags are becoming gradually scarcer; coloured 
rags, suitable for making common printing-paper, were worth 4s. to 6s. per cwt. in 
1848, and are now worth 9s. to 12s. per cwt., and this notwithstanding the relief 

roduced by the importation of esparto. The scarcity, the existence of which the 
jurors’ report of the Exhibition of 1862 most unaccountably denies, has been aggra- 
vated by the almost total cessation of the supply of waste and tares from the cotton- 
mills; and, even with the assistance of esparto grass and cheaper chemicals and 
fuels, the paper-makers in this country have been placed by recent legislation in a 
most disadvantageous position in respect of the supply of materia] in comparison 
with their continental rivals. 

Note.—Importation of esparto in 1863 into the United Kingdom, 25,161 tons 
Scwt. lqr. 12 Ibs. 


On an Improved Manufacture of Biscmts. By J. Rosinson. 


Reports and Sections relating to Captain B. Pim’s projected Transit Route 
through Central America, showing the modus operandi of Surveying in the 
Forests of that Country. By E. Satmon, C.E. 

This report detailed the writer’s proceedings in the primeval forests, while 
making a preliminary survey to prove the practicability of the Interoceanic Rail- 
way through Nicaragua. It was accompanied by drawings and sections. Much 
of the document was occupied with a description of the difficulties successfully 
encountered by the surveying party, the nature of the country, and their con- 
trivances for obtaining food, water, shelter, &c. The nature of the soil and the 
plants of the district were described at length. In a second expedition, subse- 
quently undertaken, the party encountered great obstacles from the advanced 
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state of the rainy season. In conclusion, Mr. Salmon remarked, “I have no hesi- 

tation in stating that, as far as my portion of the work is concerned, no real en- 

gineering difficulty exists, and I see no reason to think thet the pro railway 

would be an expensive one to make. I have gone largely into the question of 
labour, and I find that you can get as many men as you require—first-rate workmen 
—at the rate of 15 to 20 dollars per month, besides their food. These questions, 
however, cannot be entered into in a brief outline like the present one. Ih conclu- 
sion, it may be interesting to state that on my first expedition, with a gang of two 
Creoles and twelve Indiana (total party fifteen), I cut through the dense Jungle, 
20} miles, in 24 working days—average day rather more than $ths of a mile. 
On the second expedition, with a gang of eight Creoles and six Indians (total party 
fifteen), I also cut 224 miles in 20} working days—average 1 mile and 5 chains per 
day, making a total of 42} miles in 443 working days—average of both expeditions 
rather more than 58 chains per day. 


Portable Machinery or Apparatus for Riveting, Chipping, &ec., the invention 
of Mr. J. M‘Farlane Gray, of Liverpool. By W. Smru, C.E. 

The special feature in the instruments or apparatus under notice is as follows, 
viz., that whether used for riveting, caulking, chipping, or otherwise operating 
upon and treating metals or other substances, by means of a series of blows, the 
principle of the construction and action of the several varieties of instruments is 

esame. The piston, plunger, bolt, or striker traverses the cylinder ind ently 
of the “tool-head” or “tool-holder,” or of the operating tool, and t 8 

ter distance, and moreover does not out of the steam-cylinder, but gives 

e blow, or series of blows, “ shuttle-like” within the cylinder upon the “ tool- 
holder ” or “ tool-head,” which is free to slide backward and forward within one end 
of the steam-cylinder; and the change of motion, or the rapidity of action, of the 
moving part or parts within the cylinder is effected by inside tappeta, or the com- 
bined action of a tappet or tappets and asteam-piston valve. The outer form of such 
instruments, and the arrangement and combination of their parts, have of course to 
be varied to suit the special purpose for which they are intended to be used. 

In every case the cylinder is provided with a bolt, piston, or plunger, capable of 
traversing backward and forward upon the admission of steam in either direction. 
This moving part has sufficient weight to enable it to accumulate the vis viva due to 
almost the full pressure of the steam upon its end surface, or area, and by its 
impact to give out this force upon the rivet, or other surface operated upon, 
through the intervention of a “tool-head” or “ tool-holder.” 

For the admission of steam to the slide-valve chest of the cylinder, it is pre- 
ferred to used a small gridiron valve, which may be kept close by a spring, and is 
opened by means of pressure on a thumb-piece or lever. The gri alide-valves, 
having back and front sliding faces alike, are in equilibrium. A cock or any other 
suitable valve contrivance may, however, be substituted. 

The steam is conveyed from the boiler to the apparatus by means of a flexible 
pipe, or by metal tubing and flexible pipe combin The exhaust-nozzle may be 
on the middle of the valve-chest cover, and have a short elbow or other form of 
pipe to direct the exhaust steam from the operator, and is under the control of the 
person using the apparatus; but a stud or stop-pin may be inserted through the 
cylinder and the gland, to prevent the chipper or the tool-head being driven ont; 
and also a spiral or other reacting spring should be introduced, for the purpose of 
overcoming the friction between the tool-head or holder and the gland and the 
stutfing-box, and thus return the chipping or other tool, or the teol-head or tool- 
holder, after each blow, back to its normal position. 

The tool-head may be itself the operating tool, or it may be a socket to contain 
the tool required ; but, whatever its form may be, and whether brought back by a 
spring or not, its travel or motion backward and forward, or in and out, is in every 
case less than that of the piston, bolt, or striker. 

This apparatus, when designed as a “riveter,” is provided with suitable handles, 
for the p e of holding and guiding the apparatus while it is in operation, 
also with handles whereby to lift it from one position of the work to another. 


TRANSACTIONS OF THE SECTIONS. 185 


Instead of depending upon the operator for supporting and guiding the apparatus, 


it var ag: mounted upon a guide-bar or other form of carriage. e operator may 
pag e assisted by sustaining part of the weight of the apparatus by a rope 
or chain. 


For riveting rows of holes at regular intervals, a stud-hook may be fitted so as 
to project in front of the machine, and, by entering an adjacent or advance hole, 
assist in supporting, as well as in guiding, the apparatus whilst in use. This stud- 
hook may be moved by a regulating screw, to adapt it for any required pitch of holes. 
Where it can be applied, a spring 
gauge-pin is adopted, forming at = 
the same time a pin to gauge so 
the pitch of the holes, and i 
by locking into a spring-box, nes | if @) 
which contains a spring-dolly or nd 
“holder-up,” and being forced ype 
on the pin with considerable jinem 

ressure, it becomes a support- oC 
ing bolster for the rivet-head, 
and forms amechanical “holder- 
up.” The pin which enters the 
rivet-hole may be attached to 
the: riveting-cylinder with a 
moveable screw, and it may be 
cut as a ratchet, ‘ees lock into a 
ing-pall ; or the ment 
miay be reversed, as the dolly 
8 -box or the spring-pin 
may be attached to the pring? 
box, and the socket and pall to 
the cylinder. 

The accompanying woodcut 
illustrates one arrangement of 
this apparatus when used for 
the purposes of riveting. 

In operating with the “steam- 
chipper,” the apparatus being 
provided with suitable handles, 
the operator grasping them 
brings the apparatus up to the 
surface to be chipped; andthe Jiu 19 
steam being admitted, a succes- 
sion of rapid blows is given, 
and as the metal is chipped, the 
operator advances the appa- 
ratus. The chipper may be sup- 
ported on a sliding or other 
carriage, .or by other suitable 
means. 


In heavy work, and where 
the diameter of cylinder and 
pressure of steam used are such 
that the amount of backward 
ears of the apparatus would 

inconvenient for the opera- 
tor to support or withstand, a 
lanyard attached to the cylin- 
der may be carried to some con- 
venient point of attachment, 
in advance of the machine, so 


as partly to keep the apparatus 


{ Sa 


| : : = & 
Oe as 
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up to its work. Instead of attaching this lanyard to a fixed pomt, it may rm 
over a pulley, and have a weight hanging from it. 

Where found necessary, a strut, arranged with a view to simple adjustment. 
may be applied to support or guide either the riveters, the chippers, the caulkers, 
or the hammers, and be substituted for the hand supporting. 

Mr. Gray also employs a combined steam-boiler and rivet-hearth, with furnace 
common to both, to be used in conjunction with the several modifications of the 
apparatus just described; such combined steam-boiler and rivet-hearth or forge 
serving the twofold p of generating the steam for working such apparatus, 
and of heating rivets to be operated upon thereby. 

In the modification of the apparatus, when mounted and fitted for hammering 
copper pipes, a saddle-piece of wood is bolted to a flange, the saddle being curt 
to fit the pipe to be hammered. A balance-weight is also suspended the 
curved arm attached to the apparatus, in order to keep the same erect whilst it is 


at work operating upon the copper pipe. 


Novel Arrangement of Direct-acting Steam Engines. By W. Sutra, C.-L. 

This system of direct-acting steam-engines is the invention of Messrs. Jackson 
and Watkins, engineers, of Millwall, who, instead of employing a guide-block and 
guides, or any of the usual methods of guiding and supporting the outer end of the 
piston-rod at its junction with the connecting-rod, and instead also of working a 
pump by a lever, or from off the crank by an excentric, or other means of commu- 
nicating motion, effect these two objects of guiding the piston-rod and work- 
ing the pump by placing the pump-barrel with its longitudinal axis in, or neariy in, 
a tine with the cylinder, and between the cylinder and the crank-shaft, and the 
pump plun or piston is connected to the piston-rod and the end of the connect- 
ing-rod of the engine by a fork end or any other suitable means; thus the pump is 
worked direct, and forms also the guide for the piston-rod. In condensing -engires 
the air-pump is the pump employed in this manner. The piston or pl of the 
pump is of sufficient diameter to allow of a trunk large enough to permit of the con- 
necting-rod vibrating within it; and where the distance between the cylinder end 
and the crank-shaft is limited, as is generally the case in marine engines, the inven- 
tors prefer to employ a single-acting and single trunk-pump, the capacity of the 
pump-chamber or barrel being regulated by the dimensions of the annular space, 
or the difference between the exterior diameter of the trunk and the interior dis- 
meter of the pump barrel 

In inverted direct-acting screw engines the valves may be placed at the bottom 
of each pump in direct communication with the condenser. In every case the con- 
necting-rod works within the trunk of a pump placed between the cylinder of the 
pump and the packed end or ends thereof; or the piston and the gland alone are the 
means of guiding the piston-rod, and of taking the thrust due to the angular mo- 
tion of the connecting-rod. For working the slide or cut-off slide of double- 
slide valve engines, it is connected to the backward excentric or its rod directly 
through a weigh-shaft, or by any other of the well-known means, and the emonnt 
of ion changing the positions of the slides by meana of 4 
crronhd valverred or other suitable means. ps °Y 

The rod of the main slide-valve and the expansion-valve rod pass t a 
gland in the slide-chest, and are moved together by the excentric gear; and the 
expansion-valve rod is not connected to the link-block, but, by means of a rod or 
bar, to a stud or pin projecting from the face of the backward excentric strap or rod. 
On the upper end of the valve-chest the rod of the e ion-slide passes through 
a gland, and has a hand wheel or cross fitted thereon for the purpose of turning tt. 
and thereby changing the position of the expansion-slides or cover-plates in rels- 
tion to the steam passages or openings through the main slide-valve; the expan- 
sion-valve rod is screwed with a right- and left-hand thread, and the lower eud of 
the rod is made to tum or swivel when it is required that the degree of 
shall be changed. 

In adapting this invention to horizontal or other forms of direct-acting pumping- 
engines for raising or forcing, or raising and forcing water, a trunk-pump is applic! 
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of suitable dimensions, and placed between the cylinder and the crank as previously 
described, and for this Purpose a double-acting pump with double trunk may, by 
Increasing the length of the piston-rod and the connecting-rod, be employed. 

It will be seen from the foregoing description, that by the plan. adopted b 
Mesers. Jackson and Watkins of placing the pump between the cylinder and the 
crank in direct-acting steam-engines, the usual guide bars and bl are dis 
with; and that in working the air-pump in direct-acting condensing-engines 
according to this plan, the necessity no longer exists for the employment of sepa- 
rate and independent levers, beams, connecting-rods, &c. 


AA novel Method of covering Boilers, Pipes, and Cylinders of Steam Engines for 
preventing the Radiation of Heat, the invention of Mr. James Spence, of 
H.M. Dockyard, Portsmouth. By W. Satu, C.E. 


In the non-conducting compositions which Mr. Spence proposes to employ, argil- 
laceous earth is ground or beat up and mixed with water, so as to form a paste, 
with which is compounded oil-cake, fish- or train-oil, cow-hair, carbonaceous mat- 
ter, and the other materials afterwards mentioned, for giving consistency, character, 
or colour, according to the purpose for which the composition is required. The 
hair is well opened and beaten in or incorporated, and the whole mass is thoroughly 
mixed until it has obtained the requisite degree of density or consistency. 

For coating steam-boilers and such like vessels subject to great heat, and for 
other similar purposes, argillaceous earth (say, one thousand pounds in weight) is 
ground or beat up and mixed with water so as to form a paste. To this is added 
about twenty-four pounds of oil-cake, about three gallons of fish- or train-oil, and 
to this mixture is introduced about twenty-four pounds of cow-hair, twenty-four 
pounds of soot, and three pounds of bone-dust or bone-ash. These are thoroughly 
combined together, and form a plaster or composition capable of being applied in 
the manner of plastering walls and other surfaces. 

For coating steam-pipes, steam-engine cylinders, and other such bodies and sur- 
faces, argillaceous earth (in weight, say, one thousand pounds) is taken and pre 
as before; to this is added about thirty pounds of oil-cake, two gallons of fish-oil, 
about thirty-six pounds of cow-hair, fourteen pounds of soot, eighteen pounds of 
bone-dust, and fourteen pounds of ground carbonaceous matter; these are well in- 
corporated in a finely divided condition, as before stated. For purposes where a 
finer quality of coating is required, there may be less oil, leas cow-hair and dry 
matter introduced in proportion to the weight of clay. 

For a finishing coat to the previously described compositions, the following sub- 
stances may be used :—To each one thousand Pounds of argillaceous earth about 
one and a half or two gallons of fish-oil, about thirty-two pounds of oil-cake, thirty- 
two pounds of cow-hair, about half a gallon of linseed oil, twenty-four pounds of 
ground charcoal, and about eight pounds of piu; to these may be added about 
eight, pounds of paint or colouring matter, of any colour or tint that may be pre- 
ferred. 

Steam-boilers may be coated whilst in use; and the composition may be applied 
by hand or trowel toa depth of three-quarters of an inch or so, and scored or grained 
across and allowed to dry, and then a second or any additional number of coatings 
may be added. 

or coating circular pipes or such like surfaces, a layer of hay or straw bands, 
saturated in the composition, may be lapped or coiled around the pipe or vessel, 
the composition plastered on, and the coatings or layers added at intervals. Wood 
laths may be introduced ; and any of the well-known means of bonding or binding 
may be employed, according to the form of the body to which the composition is 
to be applied, and according to the nature of the action to which the material is to 
be subjected. 

This process is intended to be used instead of employing felt and wood lagging 
with sheet-lead covering or other additions, as a covering for steam-boilers, cylin- 
ders, pipes, and such like, and other vessels and bodies, for prevention of the radia- 
tion of heat, as also for protecting pipes and other vessels containing fluids or liquids 
against the external action of extreme cold, and generally for coating veasels or 
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bodies subject to the action of heat or cold, and for preventing rediation therefron, 
or the transmission or passage inward or outward of heat or cold. 

The method of applying e non-conducting composition to the surface of sean- 
boilers, cylinders, and other heated surfaces for the prevention of the radiation 
heat, as also to water-pipes and other surfaces for preventing the injurices eiecs 
of intense cold or frost, must of course vary acco to the farm or shape of the 
object to be covered, and the particular purpose for which it is intended to be en- 
ployed; but, as a rule, the expedients which are usually adopted by plasteres « 
workmen employed in coating ceilings, walls, and other surfaces with plam or o- 
namental coatings of plaster or cement may be adopted with advantage in apply 
the composition ing to this invention to various metallic and other bodi 

ial care is to be taken that, after the first coating of the composition ha 
been applied to any heated or other surface, this coating is pri ims 
sufficient number of places in order to allow the air and moisture to escape frec!s 
when drying, this being essentially necessary in order to ensure the adhesion of the 
composition to the to be protected. 


An improved Valve and Apparatus for Atmospheric Railways. 
By W. Sworn, C.E. 

The object of this contrivance (the invention of the Rev. G. R. ing, of S: 
Ann's, Wandsworth) is chiefly to overcome the defecta which have to the 
valvular portion of previously tried systems of atmoapheric railways, or railwass 
worked by the vacuum or pressure of air. The inventor uses a number of blocks 
or pieces of material converging towards each other, for the p of fitting into 
the trough or channel in the railway tube, and having also, in relation to the longi- 
tudinal axis of the tube and the trough in which the blocks are fitted, angular faces, 
or fitting and bearing surfaces. A series of these blocks or pieces being jointed to- 
gether forms the continuous flexible bar or valve. The trough being formed of 
\ -like shape in transverse section, and from the angular arrangement of bearing 
and fitting Turfaces between the blocks or pieces, greater perfection of working 
condition 1s ensured ; so that the greater the atmospheric pressure, or the better the 
vacuum, the more perfect contact is obtained between the working parts of the ap- 
paratus. The accompanying woodcuts illustrate some of the methods of putting 
the invention into practice. 


Fig. 1 is a longitudinal section of the tube of an atmospheric railway fitted 
e 


with the piston, flexible bar or valve, and curved lifting-piece, in accordance with 
the invention of the patentee. Fig. 2 isa cross section of fig. 1, taken on the dotted 
line a, 6, showing the tube, part of the flexible bar or valve fitting in the \ -shaped 
trough, the piston-carriage, and the curved lifting-piece. 

A is the tube; B, the piston; C, piston-rod; E, the flexible bar or valve; F it 
the curved lifting-piece. 

In figs. 3 and 4 the flexible bar or valve is shown separately and to enlarged 
scale. The blocks, a, composing the valve are hinged together by means of fixed 
pins, 5, and slotted links, ¢, so as to counteract any strain, as by this the blocks 
slide upwards and downwards as the case might be, and the links allow the block 
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free play. On the upper and lower surfaces of these blocks a band of india rubber 
is laid, next to which are bands of leather, and on the outer upper surface is laid a 
metallic band or any other suitable material to protect the valve from rain or damp, 
and on the lower surface a thin band of steel, so as to allow it to ride easily 
upon the curved lifting-piece F. Fig. 4 is a cross section of fig. 3, in which a part 
of the slotted link, c, 1s shown. 

The blocks may, however, be formed of metal or any other convenient material, 
and be solid or hollow. The bands shown in the illustrations might, when the 
metal blocks were employed, be replaced by a metallic band, and leather strap on 
its under side, and screwed on to each of the blocks. 


On Self-acting Valve Motion for Steam Hammers. By Joun Sruneron. 


On the Diagonal Principle of Iron Ship-building. By R. Tarzorson. 

In this principle the line of resistance to forces acting in the direction of the 
vertical planes is diagonal to the circumferential line of the body of the ship, 
thereby opposing the greatest amount of resistance that could be given at an angle 
equivalent to the inclination of the planes. Ships built on the Fagonal rinciple 
were stronger, the author stated, than those on the vertical, at the rate of 100 per 
cent, 


On the Prevention of Fouling of Ships’ Bottoms. By Dr. Wurtz. 

The author proposed a composition made of equal parts of powdered quick-lime 
of fat, and of sil, mixed and rubbed together. ‘Tt is laid on the first Lime, when 
cold, by means of a short-haired painter’s brush, on the surface while high and 
dry; but when afloat it must be applied by means of a diver’s hand. This com- 
position is a kind of soap, which is insoluble in water, and which unde a slow 
chemical change, the result of which is that, after a few months, it becomes 
rather less soft, and more easily separable in the form of flakes or scales from the 
submerged surface of the ship than it was when fresh applied. The author has 
tried a combination of fat and oil, and of fat and white lead, and has determined 
that the lime-soap is the article best adapted for the purpose. It can be laid on 
smoothly in the air, and also applied under the water with great facility. From 
experiments made by Dr. White, he thinks that the capacity, for speed of an iron 
vessel will be increased fourteen per cent. by the use of this soap. The author 
also proposes that, before the lime-soap is applied, @ strip of sheet zinc should be 
fixed on the upper part of the flat surface of each row of iron plates below the 
light-load line-mark, by means of iron screws about a quarter of an inch in length, 
with broad heads, taking care that some part, at least, of the surfaces of contact of 
the iron and zinc are clean, as shown by the metallic lustre. The surface of the 
zinc in contact with the iron which 1s to be protected should be equal to at 
least one-sixteenth pert of the surface of iron to be protected. The zinc corrodes ; 
and therefore it will be necessary from time to time to fix it closely by the screws, 
and to replace it when necessary, all of which can be done by divers. Aluminium 

rotects iron from corrosion by electro-metallic action, in the aame manner as zinc 
Foes but a smaller area of surface of aluminium will have an effect equal to a 
larger extent of zinc. The higher price of aluminium will probably prevent the. 
use of it for this purpose. 
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permanency of metals and, 124; on 
the variation of the electric resistance 
of, due to change of temperature, 127, 

America, Philip P. Carpenter on the 
mollusc of the west coast of North, 

Ammonium, Dr. George D. Gibb on the 
physiological effects of the bromide of, 


Anderson (John), report on the applica- 
tion of gun-cotton to warlike purposes, 


Animal matter, on the production of 
sulphuret of zinc, blende, selenite, and 
calamine, under the influence of pu- 
trefaction of, 205. 

Antimony, report by T. Sopwith and T. 
Richardson on the local manufacture 
of, 715. 

Antisell’s (Dr.) list of Californian fos- 
sila, 590. 

Armstrong (Sir W.G.), report on the 
application of gun-cotton to warlike 


Adstrian gun-cotton, analysis of, 33. 


Balloon ascents, meteorological observa- 
tions by James Glaisher in five, made 
in 1868, 426; the ninth ascent, 434 ; 
tenth, 440; eleventh, 444; twelfth, 
452; thirteenth, 4060. 13 
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Bell (Isaac Lowthian), report on the 
manufacture of iron in connexion with 
the Northumberland and Durham coal- 
field, 780. 

Brayley (E. W.), report on observations 
of luminous meteors, 1862-63, 209. 
Bright (Sir C.), report on standards of 

electrical resistance, 111. 


Caithness (the Earl of), fifth report on 
steamship performance, 8389. 

Carpenter (Philip P.), supplementary 
report on the present state of our 
knowledge with re to the mol- 
lusea of the west coast of North Ame- 
rica, 517. 

Chemical manufactures of the northern 
districta, report on the, by Thomas 
Richardson, J. C. Stevenson, and R. 
C. Clapham, 701. 

Clapham (R. C.) on the chemical manu- 
factures of the northern districts, 701. 

Coal-field, Isaac Lowthian Bell on the 
manufacture of iron in connexion with 
the Northumberland and Durham, 730. 

Copper, report by T. Sopwith and T. 

ichardson on the local manufacture 
of, 715. 

Cumberland, produce of lead ore, lead, 

and silver for ten years ended 1862, 


Daglish (John), report on the magnesian 
Tcetone of D eam 726. 

Donegal, report of a committee on the 
chemical and mineralogical constitu- 
tion of the granites of, and of the rocks 
associated with them, 48. 

Dredging on the coasts of Shetland, J. G. 
Jeffreys’s report on, 70. 

Dublin and Holyhead Company’s steam- 
ships, on the performance of the, 344. 

Dufferin (the Lord ), fifth report on steam- 
ship performance, 339. 

Durham and Northumberland, produce 
of lead ore, lead, and silver for the ten 
years ended 1862, 721. 

Durham, John Daglish on the magnesian 

’ limestone of, 726. 


Egerton (the Hon. Capt.), fifth report on 
ena heoformeacy, 839. ” 
Electric phenomena, on the measure- 
ment of, by their electromagnetic 
effects, 186; by statical effects, 148. 
Electrical measurements, Prof. J. C. 
Maxwell and Fleeming Jenkin on the 
elementary relations between, 190. 
measurements derived ‘from the five 
elementary measurements, 154. 
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Electrical permanency of metals and 
allo . A. Matthiessen on the, 


124. 

——— resistance, report of the committee 
on standards of, 111. 

—— resistance, description of an expe- 
rimental measurement of, Prof 
x C. Maxwell and Mesars. 7 

tewart an Fleming enkin, 163: 
method employ 168 ; eppemic 
164; mathemsti sheory © the ex- 
periment, 168; details of the experi- 
ne (th Ho Leopold), fifth 

Ellis (the Hon. ’ Teport on 
steamahi orforanen 339. 

Esselbach (Dr.), report on standards of 
electrical resistance, 111. 


Fairbairn (W.), report on the application 
of gun-cotton to warlike purposes, |: 
report on steamship perfom- 


ance, 330. 
Felspathic solution, influence of the, on 
the structure of some Cambrian rocks, 


207. 
Fog-signale, the Rev. Dr. Robinson on, 


Foods, Dr. Edward Smith on the, used 
by the free and jail populations of 


India, 176. . 

Frankland (Prof. E.), report on the ap- 
plication of gun-cotton to warlike pur- 
poses, 1. 


G (M. Alphonse), synthetical re- 
‘marches on the formation of minerals, 
203 


Gibb (Dr. G. D.), re on the physio- 
logical eflocte of e bromide of am- 
Gifferd (the Earl f), fifth 
i e of), re on 
stoomshi rformance, 339. pert 
Gladstone (Dr. J. H.), report on the ap- 
plication of gun-cotton to ler 
poses, 1; report on fog-sign ; 
Gikishee (James), report on sbeer vations 
of luminous meteors, 1862-63, 208; 
an account of meteorological and phy- 
sical observations in five balloon at- 
cents in the year 1868, 436. : 
Gonophore, Prof. Allman on the mor 
phology of the, 360. 
Granites of Don report of a comi- 
mittee on the chemical and minera- 
logical constitution of the, and of the 
rocks associated with them, 48. 


of luminous meteors, 
Griffith (Sir R., Bart.), report on th 
chemical and mineralogical 
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tion of the granites of Donegal, and of | Iron ships, Charles M. Palmer on the 


the rocks associated with them, 48. 
Gun-cotton, report of the committee on 

‘the application of, to warlike purposes, 

1; chemical considerations, 2; me- 

chanical considerations, 4; practical 

applications, 5. 

, FLA. Abel on the system of ma- 
nufacture of, as carried on in the Im- 
perial Austrian establishment, 8; on 
the composition, and some properties, 
of specimens of, prepared at the Au- 
strian Government works, 9. 

» experiments on the hygroscopic 
properties of the Austrian, 5. , 
——, F. A. Abel’s memorandum with 

reference to experiments in progress 

bearing upon the manufacture of, 14. 
——, information on the application and 

manufacture of, by Baron Lenk, 25 
——, analysis ef Austrian, 33. 

, extracts from a report on Baron 

Lenk’s, 38. . 

Gunpowder works, Royal, experiments 
instituted upon a manufacturing scale 

at the, 16. 


Haughton (Rev. 8.), report on the che- 
mical and mineralogical constitution 


of the granites of Donegal, and of the 
rocks associated with them, 48 


Henn f. H.), report on fog-sig- 
" ls 108. ), repo og-sig 
Herric (E. C.), biographical notice of, 


Herschel (Alexander S.), report on ob- 
servations of luminous meteors, 1862- 


63, 209. 

Hydroida, Dr. G. J. Allman on the re- 
productive tem in the, 351. hol 

, Sketch of the general m 0 
of the, 358. “ “ee ey 

——, structure and formation of the ge- 
nerative, 382. 

-——, heteromerism of the individual 422. 

——, comparison of the sexes in the, 
886 ; development, 389. 


India, Dr. Edward Smith on the foods 
used by the free and jail populations 
of, 176. 

, tables showing the acales of jail 
dietary in, 202. 

Iron, Issac Lowthian Bell on the manu- 
facture of, in connexion with the 
Northumberland and Durham coal- 
field, 730. 

, on & new British meteoric, 327. 

—-, solubility of silicate of hydrated 

protoxide of, 204, 


construction of, 694. 


Jail dietary in India, tables showing the 
scales of 202. s 
Jeffreys (J. Gwyn), report of the com- 
mittee appointed for exploring the 
coasts of Shetland by means of the 
dredge, 70. 

Jenkin eeming), report on stand- 
ards of electrical resistance, 111; on 
the elementary relations between elec- 
trical measurements, 180; description 
of an experimental measurement of 

J ett (Col) eae? 168. , 
ewett (Col. ies of the temperate 
fauna collected | by, 586; of the tro- 
pical fauna, 537. 

J oule (Pr.); report on standards of elec- 
trical resistance, 111, 


Lead, report by T. Sopwith and T. Ri- 

chardson on the local manufacture of, 
5. 

——, produce of, in the years 1845-62 
inclugive, in the counties of Cumber- 
land, Durham, and Northumberland, 

22. 
—, imports of, into Newcastle-upon- 


Tyne, 723 

Lenk (Baron), information on the appli- 
cation and manufacture of gun-cotton, 
25; extracts from ea report on his gun- 
cotton, 88, 

Lime, action of the alkalies on silicate 
of, 205, | 

Limestone, John Daglish on the mag- 
nesian, of Durham, 726. 

Luminous meteors, report on, by James 
Glaisher, R. P. Gree, E. W. Brayley, 
and Alexander S. Herschel, 200; ca- 
talogue of, 210; appendix, 318. 


M°Connell (J. E.), fifth report on 
steamship performance, 339. 

Magnetic phenomena, on the measure- 
ment of, 132. 

Mallet (Robert), preliminary report on 
the experimental determination of the 
temperatures of volcanic foci, and of 
the temperature, state of saturation, 
and velocity of the issuing gases 
vapours, 208. 

Matthiessen (Dr.), report on the chemi- 
cal nature of alloys, 37; report on 
standards of electri resistance, 113; 
on the electrical permanency of m 
and alloys, 124; on the variation of 
the electric resistance of alloys due to 
change of temperature, ise ; 
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Maxwell (Prof.), report on standards of ; Rich (Major), shells collected by, from 
electrical resistance, 111; on the ele- the Californian fauna, 540; collected 
mentary relations between electrical near La Paz, 541. 
measurements, 130; description of an | Richardson (Thomas), report on the 
experimental measurement of electri- | chemical manufactures of the north- 
cal resistance, 163. ern districts, 701; report on the local 

Metals and alloys, Dr. A. Matthiessen | manufacture of lead, co zinc, si- 

y opper, 
on the electrical permanency of, 124. | timony, &c., 715. 

Meteor of November 27, 1862, path of, Roberts fB), fifth re on stean- 
324. ship performance, . 

Meteors, luminous, report and catalogue , Robinson (Rev. Dr.), report of the com- 
of observed in 1862-63, 200; appen- mittee on fog-signals, 105. of the fe 

. Rocks uence e fel- 

Meteoric iron, on a new British, th | spathic solution on the structure of 

shower of Apnil 1863 . IL A. some, 207. 

Newton on the, $25. | Russell (J. Scott), report on the appk- 
shower of August 1863, 326. cation of gun-cotton to warlike 

7 ; e par 

Miller (Dr. W. A.), report on the ap- oses, 1; fifth report on steamship per- 


plication of gun-cotton to warlike ormance, 339. 

purposes, 1; report on standards of | 

electrical resistance, 111. Schneider (Dr.) on Baron Lenk’s gun- 
Minerals, M. Alphonse Gages’ synthe- cotton, 33. 


tical researches on the formation of, | Schritter (Dr.) on Baron Lenk’s gu- 
203. cotton, 33. 
Mollusca, Philip P. Carpenter on the, of | Scott (Robert H.), report on the che- 
the west coast of North America, mical and mineralogical constitution 
617. of the granites of Donegal, and of the 
rocks associnted with them, 4& 
Napier (J. R.), fifth report on steam- | Shetland, J. Gwyn Jeffreys’s report on 
ship performance, 339, dredging on the coasts of, 70. 
Nasmyth (James), report on the appli- Ships and shipbuilding on the Tyne, 
cation of gun-cotton to warlike pur- ear, and Tees, Charles M. Palmer 
‘poses, 1, on the construction of iron, 694 
Newberry’s (Dr.) list of Californian | Siemens (C. W.), report on standards of 
fossils, 593. electrical resistance, 111. 
Newton (Prof. H. A) on the meteoric Signals fo the Rev. Dr. Robinsonon, 105. 
shower of April 1868, 325. | Silicate of hydrated protoxide of iron, 
Northern districts, Thomas Spencer on , solubility of, 204. 
the manufacture of steel in the, 764. | —— of lime, action of the alkele 
Numbers, Prof. H. J. 8. Smith’s report on, 205. 
on the theory of, 768; geometrical | Smith (Dr. Edward), abstract of report 
representation of forms of a negative by the Indian Government on the food 
determinant, 768; application of for- used by the free and jail populatons 
mulee rele ing to the division of the g of rar 176. bh the 
circle to the theory of quadratic forms mit . J. Stephen), report on 
772. yo theory. of numbera, 708. 
Smith (Wm.), fifth report on steai- 
Palmer (Charles M.) on the construction ship performance, 339. 
of iron ships, and the progress of iron | Sopwith (T.), report on the local manc- 
shipbuilding on the Tyne, Wear, and |  Tacture of lead, copper, zinc, antimony, 
Tees, 604. | &e., 715. 
Paria (Admiral E.), fifth report on | Spectral rays, Dr. C. K. Akin on the 
steamship performance, 339. | “transmutation of, 93. 


| Spencer (Thomas), report on the manu 
Rankine (Prof. W. J. M.), fifth report on , facture of in the northern dit 
steamship performance, 389. |  tricta, 764. 

Rays, spectral, Dr. C. K. Akin on the | Standards of electrical resistance, report 
_ transmutation of, 93. of the committee on, 111. 


Redtenbacher (Dr.) on Baron Lenk's | Statical effects, on the measarement of 
gun-cotton, 33, electric phenomena by, 148 
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Steamship 
the committee on, 839 ; ap 
Steel, Thomas Spencer on 


ormance, fifth report of 
dix, 344. 

e manufac- 
ture of, in the northern districts, 764, 

Stevenson (J. C.), report on the chemi- 
cal manufactures of the northern dis- 
tricta, 701. 

Stewart (Balfour), report on standards 
of electrical resistance, 111; descrip- 
tion of an experimental measurement 
of electrical resistance, 163. 

Sutherland (the Duke of), fifth report 
on ip performance, 339. 


Tees, C. M. Palmer on the construction 
of ships and shipbuilding on the, 69-4. 

Temperature, Dr. A. Matthiessen on the 
variation of the electric resistance of 
alloys due to change of, 127. 
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Varley (C. F.), report on standards of 
electrical resistance, 111. 

Volcanic foci, Robert Mallet on the ex- 
perimental determination of the tem- 
peratures of, 208, 


Wear, C. M. Palmer on the construction 
of ships and shipbuilding on the, 604. 

Wheatstone (Prof.), report on fog- 
signals, 105; report on standards of 
electrical resistance, 111. 

Whitworth (Joseph), report on the ap- 
plication of gun-cotton to warlike pur- 


es, 1. 

iliamson \ (Prof), report on standards 
of electrical resistance, 111. 

Wright (Henry), fifth report on steam- 
ship performance, 339. 


Thomson (Prof.), report on standards of | Zinc, report by T. Sopwith and T. Ri- 


electrical resistance, 111. 
Tyne, C. M. Palmer on the construction 
of'iron ships and shipbuilding on the, 
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chardson on the local manufacture of, 


INDEX II. 


TO 


MISCELLANEOUS COMMUNICATIONS TO THE 
SECTIONS. 


[4n asterisk (*) signifies that no abstract of the communication ts given.] 
ABEL (Prof.) on some results of ex- | Alder (Joshua), descriptions of new Bri- 


imentson lucifer matches and others 
ited by friction, 32. 

Acarus of the Anodon, R. Garner on a 
parasitical, 114. 

#Africa, North, the Rev. H. B. Tristram 
on some elucidations of the geological 
history of, supplied by its lacustrine 
fauna, 107. 

icultural population of England, 
1851-61, Frederick Purdy on the de- 
crease of the, 156. 
Air-engines and an air-compressing ap- 
tus, J. Jameson on, 173. 

Air-pump, J.W. Swan on a mercurial, 26. 

Akin (Dr. C. K.), account of preliminary 
experiments on calcescence, 11. 

Alcohol, on the oxidation of beta-hexylic, 
by Prof. Wanklyn, 57. 


tish Polyzoa, with remarks on some 
imperfectly known species, 97. 
Alexander (Stephen) on the augmenta- 
tion of the apparent diameter of a body 
by its atmospheric refraction, 3. 
Algebraical polynomials, J. J. Walker 
on the conditions of the resolvability 
of homogeneous, into factors, 3. 
Allenheads and other lead-veins of York- 
shire, Charles Moore on the organie 
contents of the lead-veins of, 83. 
Allhusen (Lieut.-Col. Henry C.) on the 
volunteer foree ; its comparative cost, 
development, present state, and pro- 
spects, 150. 
Alluvial accumulation in the valleys of 
the Somme and Ouse, R. A. C. God- 
win-Austen on the, 68, 
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Aluminium, I. L. Bell on the manufac- 
ture of, 33. 

America, Central, Captain Pim on an 

- interoceanic and international transit 
route through, 143. . 

*——., North, J. A. Lapham on the great 
lakes of, 140. 

American nations, South, C. Carter Blake 
on some points in the cranioscopy of, 
1 


Amiens, Henry Duckworth on ea human 

cranium from, 136. 
us (T. C.), statistics of the tanning 
trade of Newcastle-upon-Tyne, 161. 

Animal life, A. R. Wallace on the geo- 
graphical distribution of, 108. 

Anodon, R. Garner on a parasitical aca- 
rus of the, 114. 

Ansted (Prof. D, T.) on the metamor- 
phic origin of the porphyritic rocks of 

harnwood Forest, 64; on a deposit 
of sul bur in Corfu, 64; on pore cue 
riosities o Bi graphy in the 
Ionian Teles’ 133, Booey 

Anthropological classification, Dr. James 
Hunt on, 139. 

Antimony, Thomas Richardson on the 
separation of lead and, 52. 

‘Antiquity of Man,’ Sir Charles Lyell’s, 
John Crawfurd on, 136. 

Antizymotic agents, Dr. G. Robinson 
on the practicabili 
development of epi 
the internal use of, 119. 

Apes, anthropoid, C. Carter Blake on the 
eyndactylous condition of the hand in 

e, 98. 


) 
Argentine railway, W. Wheelwright on 
4 e Central, from Rosario to Cordova, 
48, 
Armies, English and French, Colonel 
‘Sykes on the comparison of the orga- 
nization and cost in detail of the, 182. 
Armour of steel or iron, corrugated, for 
A ships of mats G. Bedford on, 182. tas 
rmour-plating for ships, Capt. Do 
Galter on 3 P “s 

Armstrong (Sir W. G.), description of the 
large gyroscope used by, in his inves- 
tigations on rifled projectiles, by Prof. 

. » Pole, 177. 

Army in India, European, Dr. James 
Bird on the vital and sanitary statis- 
tics of our, 151. 

Atmosphere at a high elevation, Prof. C. 
Piazzi Smyth on a proof of the dioptric 
and actinic quality of the, 25. 

~—, J. Samuelson on life in the, 128. 

Atmospheric railways, W. Smith on an 
improved valve and apparatus for, 188. 
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Atmospheric refraction, Stephen Alez- 
ander on the augmentation of the sp- 
parent diameter of a body by its, 3. 

*Attwood (C.) on some facta observed 
in W e, 64. 

Australia, T. Johnson’s account of the 
attempts to transport salmon , 


*__. Rev. J. E. Wood on the rivess of 
the interior of, 148. 


Bainbridge (W.) on the Pennine fault m 
connexion with the volcanic rocks st 
the foot of Crosefell ; and with the 


Tyndale fault, called “The Ninety- 
fathom Dyke,” 64. 
Baker (W.) on the impurities contained 


in lead, and their influence in its tech- 
nical uses, 32. 

Bala lake, Merionethshire, T. A. Read- 
win on the recent di of gaid 


Baifou, (Prof his addreas 

cour essor), hi a8 

sident of Section D, 91 ; description of 
the fruit of Clerodendron Thomsone 
(Balf.), from Old Calabar, 95. 

*Barometer, M. Naudet on a metallic or 
holosteric, 24. 

——-, the Abbé Jeannon’s free air, 24 

——, W. Symons on a new marine and 
mountain, 27. her public 

Barracks and other ic buildings in 
India, Stewart Clark on the ventila- 
tion of, 111. 

Barrett (Lucas), Prof. T. R. Jones end W. 
K. Parker on some recent and fossil 
Foraminifera collected in Jamaica by 
the late, 80. 

Baryta, sulphate of, analysis of a deposi 
from a colliery water containing, br 
Thomas Richardson, 54. 

Besalts, Prof. J. Thomson on the origm 
of the jointed prismatic structare in, 
and other igneous rocks, 89. 

Bate (C. Spence) on a new species of 

Bedford (G ), d of 

ord (George), description of corru- 
ted armour of steel or iron for ships 
of war, 182. 

Belcher (Admiral Sir E.) on ao spirt- 
seve telescope ifr ing altitudes 
and obtaining latitudes independentit 
of natural or artié cial horizons, 1/0: 
on an im: caisson 170; ona 
mode of rendering tinsber built abips 
impregnable and unsinkable under m>- 
derate crew-power, as in leaky vessels 

Bell (I. L.) on the manufacture of ab- 
minium, 32; of thallium, 34. 
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* Belli statistical account of the 
parish of, by W. H. Charlton, 153. 
Beta-hexylic aleohol, Prof. Wanklyn on 

the oxidation of, 57. 
Bewley C )y description of & new plant- 

Bee 

Bird (Dr. J james) on the vital and sani- 
tary ate statistics of our European army 
dia, compared with those of the 
French army aie me conditions of 

climate and locality, 15 
Birds, Dr. John Davy on one eggs of, 


Birt (W. R.) on the selenographical re- 
lations between the chain of lunar 
mountains the Alps, with the Mare 
Imbrium and the Mare Frigoris, 3. 

*Biscuits, J. Robinson on an improved 
manufacture of 

Blake (0. Castor) on ‘the syndactylous 
condition of the hand in man and the 
anthropoid apes, 98; on some points 
in the cranioscopy of South American 
nations, 

Blast fertaces Cleveland, J. Pattinson 
on a deposit in the gas-tubes of the, 


Blood, observations on the, by Dr. John 
Davy, chiefly in relation to the ques- 
tion, Is ammonia one of its normal 
constituents ?, 112. 

e Feweus on a new method 

of constructing, 1 
wanes ae ipes, and and cylinders of steam-en- 
th on Mr. James Spence’s 
vention of a novel method of cover- 
ing, for the prevention of the radiation 

eat, 18 

ees. printing-telegraph, W. Cook 


Bothriolepia, G. E. Roberts on some re- 
mains of, 87. 

*Bottles, D. Puseley on Thompson's uni- 
versal stopper for, 180. 

Boyd (Edward F.) on “the Wash,” 
remarkable denudation through a r- 
tion of the coal-field of Durham, 

Bracebri (C. H.) on the Coventry 
Bet Land Society, 15 

Brady (George rge S.) on the marine cyclo- 
poid Entomostraca (Calanides), with 
notices of some mpocis new to ritain, 
99; on the zoology 0 of Hylton Dene, 
near Sunderland, 100. 

Brady (Henry B.) on Foraminifera new 

una, 100. 

Bridge-foundations, T. Page on, 176. 

British fauna, we to the, 100 B. Brady on Fora- 
minifers 


Brodie (Rev. James)’ on Dae physical 
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condition of the earth in the earlier 
epochs of its history, 67. 

Browne (R.S.) on the ‘relative distances 
of the planets from the sun, 5. 

Bryson (Alexander) on artificially pro- 

uced quartzites, 67. 

Bunning (T. W.) on the use of fuel in 
marine ilers, 53. 

Buys-Ballot (Prof.) on the system of 

Joied S0.° weather pursued in 

Holland 


Caisson gate, Admiral Sir E. Belcher on 
an improved, 170 

Calcescence, Dr. C. K. Akin’s account of 

reli experiments on, 11. 

Calne, G. J. Symons on the experimental 
series of rain-gauges erected at, 26. 

Camps (Dr.) on the sanitary condition 
of the troops in Indi 

Canadian forésts, Dr. Hlburt’ notes on, 


Carbon, Dr. T. L. Phipso 
sounds produced by 
Carboniferous strata of Great Britain and 
Ireland, Prof. T. Rupert Jones's sy- 
nopsis of the bivalve Entomostraca of 
©, 
Caselli on specimens of telegraphic fac- 
similes produced by his method, 20. 
Caske, R obert Davison on improvements 
in machinery and apparatus for cleans- 
ing and purifying, 

*“ Caution tel ” of Admiral Fitz- 
Roy, Dr. Moffat on the connexion that 
existe between, and the luminosity of 


horus, 24. 
od vangueges, R. S. Charnock on, 
ny ohn Crawfurd on the so-called, 
85. 


1 

Celts, Northumbrian, Rev. G. R. Hall 
on the social life o the, 137. 

Cereals, Robert Davison on the decorti- 
cation of, 171. 

Ceylon, Mutu Coomara Swamy on the 
ethnology of, 146. 

*Charlton (W. H.), statistical account 
of the parish of 162. 


ham 
Charnock (R. S.) on Celtic languages, 
184. 


Charnwood Forest, Prof. Ansted on the 
metamorphic origin of the porphyritic 
rocks of, 64. 

Chevallier (Prof.) on an instrument for 
ascertaining the height of a cloud, 21. 

Chimpanzee, Dr. Embleton on certain 
parts of the anatomy of a young, 113. 

China, Captain Henderson on routes be- 
tween India and, 137. 


son on musical 
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Chloroform accidents, Dr. Charles Kidd 
on restoring patients in, 116. 

Chromatoscope, A. Claudet on the star, 5. 

Cist of the stone age, E. Roberts and 
Prof. Busk on the opening of a, near 
the coast of the Moray Firth, 146. 

Clapham (R. Calvert) on minerals and 
salts found in coal-pits, 37. 

Clark (Stewart) on the ventilation of 

.barracks and other public buildings in 
India, 111. 

Claudet (A.) on the star chromatoecope, 
5; on some phenomena produced by 
the refractive power of the eye, 11. 

Cleland (Dr.) on the ligamentous action 
of the long muscles in man and other 
animals, lil; on the change of atti- 
tude which takes place in infants be- 
ginning to walk, 112. 

Clerodendron Thomsons (Balf.) from 
Old Calabar, description of the fruit 
of, by Prof. Balfour, 95. 

Cleveland blast-furnaces, J. Pattinson on 
a deposit in the gas-tubes of the, 48. 

-—— ironstone, J. Pattinson on zine, 
nickel, and cobalt in the, 49. 

Cloud, Prof. Chevallier on an instru- 
ment for ascertaining the height of a, 


Coal-field, W. Matthias Dunn on the re- 
lations of the Cumberland, to the red 
sandstone, 68, 

—— of Durham, Nicholas Wood and 
Edward F. Boyd on “the Wash,” a 
remarkable denudation through a por- 
tion of the, 89. 

*Coal-measures of Sydney, Cape Breton, 
J. P. Lesley on the, 82. 

Coal-miners of Durham and Northum- 
berland, Dr. Wilson on the habits and 
diseases of the, 126. 

Coal-pite, R. C. Clapham and John Da- 
glish on minerals and salts found in, 37. 

Coal-plants from Nova Scotia, Dr. Daw- 
son on two new, 67. 

Coffin (Prof.) on the path of a meteoric 
fireball relatively to the earth's sur- 
face, 21. 

Colliery water, Thomas Richardson's 
analysis of a deposit from a, containing 
sulphate of baryta, 54. 

Colonial schools and hospitals, remarks 
on native, 155. 

Condy (H. B.) on disinfectants, 40. 

Cook W.) on Bonelli’s printing-tele- 

, 18. 

Copper and its applications, M. Oudry 
on, 

“copper, galvanic, the Abbé Moigno on, 
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Corfu, Prof. D. T. Ansted on a deposit 
of sulphur in, 64. 

Coventry Freehold Land Society, CU. H. 
Bracebridge on, 161. 

Cowen (Joseph) on fire-clay goods, 40. 

*Craft (Mr.) on a visit to Dahomey, 135, 

Cranial deformities, W. Turner on, 124. 

Cranioscopy of South American nations, 
Cg ater Blake on some points in the, 

Cranium, human, Henry Duckworth on 
a, from Amiens, 136. - 

Crawfurd (John) on the so-called Celtic 

u ° in reference to the question 

of race, 185; on the origin of ; 
sies, 135; on the commixture of tbe 


races of man, as affecting the 
of civilization in Eastern Asia and the 
Malay and Polynesian Islands, 135; 


on Sir Charles Lyell’s ‘ Antiquity of 
Man,’ 138. 

Cribellites carbonarius from the moun- 
tain-limestone formation of Northum- 
berland, description of, by George 
Tate, 88. ; 

Criminals, Thomas Robins’s observations 


on, 166. 

Crookes (W.) on the extraction of thal- 
lium on a | scale fram the flue- 
dust of pyrites-burners, 41. 

Crossfell, W. Bainbridge on thePennine 
fault in connexion with the volcanic 
rocka at the foot of, 64. 

Curved lines, H. Schlagintweit on a new 
revolving scale for measuring, 25. 


Daglish (J ohn) on minerals and salts 

ound in coal-pits, 37. 

*Dahomey, Mr. Craft on a visit to, 155. 

Dale (Rey. T. P.) on specific refractive 
energy, 12. 

*Dallas (Duncan C.) on photelectnic en- 
graving, and observations upon sundry 
processes of photographic engraving, 


Davies (J. Alexander) on the causes of 
earthquakes and volcanic eruptions, 6/. 

Davison (Robert) on the decortication 
of cereals, 171; on improvements in 
machinery and apparatus for cleansing 
and Purifying cas 172. 

Davy (Dr. John) on the slacking of 
quicklime, 43; observations on the 
eggs of birds, 112; on the colour of 
the salmon, 102; observationa on the 
blood, chiefly in relation to the ques- 
tion, Is ammonia one of its normal 
constituents ?, 112, 

Dawes (Rev. W. R.), description of a 
solar eyepiece invented by, 


INDEX IT. 


Dawson (Dr.) on two new coal-plants 
from Nova Scotia, 67. 

*Devonshire, W. Pengelly on the chrono- 
logical value of the triassic rocks of, 85. 

Disinfectants, H. B. Condy on, 40. 

Distillation , Prof. Wanklyn on fractional, 


Dock-gates, R. A. Peacock on a new 
plan for hanging, 177. 

Dredging-cruise off Scarborough, J. Lec- 
kenby on a three-weeks’, 108, 

Drift-beds of Mundeasley, Norfolk, Prof. 
Phillips on the, 85. . 

Drowned persons, Dr. Charles Kidd on 
restoring, 116. 

Duckworth (Henry) on a human cra- 
nium from Amiens, 186; on the ana- 

tomical characters of the skull found 

by, 147. 

Dunn Cw. Matthias) on the relations of 
the Cumberland coal-field to the red 

sandstone, 68. - 


Durham, Dr. Wilson on the habits and_| 


diseases of the coal-miners of, 126. 

, coal-field, of, Nicholas Wood and 
Edward F. Boyd on “the Wash,” a 
remarkable denudation through a por- 
tion of the, 89. 

——, list of pheenogamous plants dis- 
covered in the SE of, since 1829, by 
John Hogg, 96. 

University academical endowments 

James Heywood on the opening and 

extension of, 154, 


Eagles, John Hogg on the Roman im- 
perial and crested, 104. 


Earth, Rev. James Brodie on the phy- . 
——, Pacific, W. H. 


sical condition of the, in the earlier 
epochs of ita history, 67. 

Earth’s orbit and the moon’s mean mo- 
tion in longitude, Rev. Dr. E. Hincks 
on the relationship between the varia- 
tion of the excentricity of the, 6. 

—— surface, Prof. Cofin on the path 
of @ meteoric fireball relatively to the, 


nufacture of, at Newcastle, 45. 

Earthquakes, J. Alexander Davies on 
the causes of, and volcanic eruptions, 
67. 

Effluvia, Dr. G. Robinson on the nature 
and varieties of organic, 120. 

Eggs of birds, Dr. John Davy on the, 
112. 

Electrometer at Kew, Prof. W. Thom- 


son on the result of reductions of 


curves obtained from the self-record- 
ing, 27. 


— 
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Electromotive engine, W. Ladd on an, 19. 
Elephant and other mammalian remains 
in Oxfordshire, G. E. Roberts on the 
" discovery of, 87. 
Embleton (Dr.) on certain parts of the 
anatomy of a young chimpanzee, 118. 
Energy, . J. H. Gladstone and Rev. 
T. P. Dale on specific refractive, 12. 
England, Frederick Purdy on the de- 
crease of the agricultural population 
we in 1851-61, 166 3 
*Engraving, photelectric and photogra- 
‘ phic, Duran C. Dallas on, Yo. 
Entomostraca, marine cyclopoid, George 
S. Brady on the, 99. 
of the carboniferous strata of Great 
Britain and Ireland, Prof. T. Rupert 
Jones’s synopsis of the bivalved, 80. 
Epidemic diseases, Dr. G. Robinson on 
the practicability of arresting the de- 
velopment of, by the internal use of 
Epinletin Ds agents, 110. Ginb rs 
iglottis, Dr. Geo . Gibb on the 
normal position of the, 114. 
*Ethnographical casts, Hermann Schla- 
gintweit on, 146. 
Ethnology of Ceylon, 
Swamy on the, 146, 
Eye, A. Claudet on some phenomena 
produced by the refractive power of 
the, 11. 
——-, Barnard S. Proctor on the focal 
adjustment of the, 16, 


Mutu Coomara 


Fallows (W.) on the origin of the Stock- 
ton and Darlington Railway, 158. 

Fauna, British, Henry B. y on Fora- 
minifera new to the, 100. 

r Pease on the 
principal divisions of the, 101. 

Fawcus (George) on a new method of 
constructing boats, 172; on improve- 


ments in waggons and gun-carriages, 


172. 
Fire-clay goods, Joseph Cowen on, 40. 


Fires, C. B. King on extinguishing, 174. 


| Fishes, fossil, from the Permian lime- 
Earthenware, C. T. Maling on the ma- | 


stone of Fulwell, near Sunderland, J. 
W. Kirkby on, 82. 


| Fleming (Captain), journey from Tien- 


tain (N. China) to the capital of Man- 
tchu Tartary, 136. 

*—— on the ethnology of Eastern Man- 
tchuria, 186. 

Flint implements at St. Acheul, Prof. 
Phillips on the deposit of the gravel, 
sand, and loam with, 85. 

Fogs, Dr. J. H. Gladstone on, 21. 

Foraminifera, Prof. T. R. Jones and W. 
K. Parker on some fossil and recent, 
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collected in Jamaica by the late Lucas 
Barrett, 80, 106. 

Foriminifera new to the British fauna, 
Henry B. Brady on, 100. 

Fossil bivalve shells, H. Seeley on a help 
to the identification of, 87. 

Fossils at Uddevalla, in Sweden, J. G. 
Jeffreys on the upper tertiary, 73. 

—— of the Skiddaw slates, Prof. Hark- 
ness on the, 69. 

Foster (G. C.) on the constitution and 
rational formula of narcotine, 46. 

Fuel, Thomas Richardson and T. W. 
Bu on the use of, in marine 
boilers 


Galton (Captain Dougies) on armour- 
plating for ships, 1 
Garner (R.) on t é reciprocal & action be- 
tween plants and gases, ona 
rasitical acarus of the Anedins if 
Gas-battery, W. Symons on a new form 
f, 56 


of, 56. 

Gao furnace, G. Gore on a new, for melt- 

ld, &c., 43 

Gast , J. Pattinson on a deposit in 
the, of theCleveland blast-furnaces, 48, 

Gases, R. Garner on the reciprocal action 
between plants and, 113. 

—— or vapours, John White on the 
means of peseine unharmed through 
noxious, 125. 

Gateshead, John Lamb on the reduction 
of the death-rate i in, by sanitary mea- 
sures, 156. 

Geinitz (Dr.) on a salamander in the 
Rothliegendes, 68. 

Geography, physical, Prof. Ansted onsome 
curiosities of, in the Ionian Isles, 133. 
Gibb (Dr. George D.) on the normal po- 
sition of the epiglottis, 114; on vo- 
luntary closure of the glottis, indepen- 
dently of the act of breathing, 110. 

a one ry John Crawfurd on the origin of 


Gladstone (or. J.H.) on specific refrac- 
tive oneray 12; on fogs, 21. 
lass, R. Swinbourne on, 55. 

lnas-engraving by fy totluoric acid, 

essler on, 44 

Glottis, Dr. George D. “Gibb on volun- 
tary closure of the, independently of 
the act of breathing, 115 

Godwin-Austen (R. A. C. ) on the allu- 
vial accumulstion in the valleys of the 
Somme and Ouse; 68, 

Gold, &c.,G. Gore on a new gas-furnace 
for melti , 48. 

——,T. A. win on the recent dis- 
covery of, near Bala 
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Cte on eons gae-fnrnace for 


Grant (FR) on on the. discovery of the 
sources of the Nile, 136. 

Greenstones, Prof. Harkness on the horn- 
blendic, and their relations to the me- 
tamorphic and Silurian rocks of the 
county of Tyrone, 70. 

Gun-carriages, George Fawcus on im- 
gq brovemente i in, 172. 

yroscope, Prof. W. Pole’s description 
ae the , used by Sir W. Armstrong 
in his investigations on rifled projec- 

tiles, 177. 


Hall (Rev. G. R.) on the aboriginal oo- 

cu Tate of North Tynedale and 
estern Northumberland, 137. 

*Hancock (A.) on the renal organ (the 
so-cal] in the nudi- 
branchiate mollusks, 116. 

Hancock (Dr. .) on the difference between 

and English poor-law, 163. 

Hand, C. Carter Blake on the 
lous condition of the, in man and 
anthropoid apes, 98. 

Harkness (Prof.) on the fossils of the 
Skaddaw slates, 69; on see reptilife- 
rous and foo ootprint ‘sandstones dan the 
N.E. of Scotland, 69; on the horm- 
blendic greenstones, and their relations 
to the metamor hic and Silurian rocks 
of the coun i 70; ; ober 
tions upon t ° ermian 
N.W. af. England, 83. Bre 

Heat, J. J. Murphy on the distribution 
of, on the sun’s surface, and the cur 
rents in its atmos here, 9. 

Henderson ( Ce on routes between 

Heuglin (Baron von) on his 

*#He h von) on tion 
of cortain affluents of the Nile, 138. 

Heywood (James) on the opening end 
extension of Durham University aca- 
demical endowments, 154 ; remarks 
on native colonial schools and h 
tals, from the sanitary statistics of the 

bp Mae Nigh of British nari 
188 


Hinks (Rev NDE EB) on the relationship 

between the varietion of the excentr- 

city of the earth’s orbit and the moon’s 

Hodge (George), list of the Biitish Pye 
eorge of the 

nogonoides, with ith descriptions ofeeveral 


Hae 

ohn) Oe he fossil teeth of s 
Howe in the red clay at Stockton, 
70; on On a cones of the con- 
mon 
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‘mous plants discovered in the 8.E. of 
Durham since 1620, 06; on the Roman 
imperial and cres es ; on 

some old maps of Afries, placing the 
ee: 

yanza and Tangan pearly in 
their true positions, 138. 

Holl (Dr. Harvey B.) on the metamor- 
phic rocks of the Malvern Hills, 70, 
Holland, Prof. Buys-Ballot on the system 

of forecasting the weather pursued in, 


Holothuriade, Rev. A. M. Norman on 
Baitish, with reference to new species, 


Horse, John Hogg on the fossil teeth of 
a, found in the red clay at Stockton, 70. 

Hownes Gill to Cross Fell, T. Sopwith 
on a section of the strata from, Be 

Hughes (D. E.) on a printing-telegraph, 


Hulburt (Dr.) on the hydrography of the 
St. Tea rresee and the great lakes, 73; 
notes on Canadian forests, 96. 

Hunt (Dr. James) on anthropological 
classification, 139; on the physical 
ane mental characters of the negro, 

Hydrofluoric acid, L. Kessler on glass- 


engra’ by, 44 
Hydrography, Dr. Hulburt on the, of the 
St. Lawrence and the great lakes, 73. 
Hylton Dene, near Sunderland, George 
S. Brady on the zoology of, 100. 


India, Stewart Clark on the ventilation 
of barracks and other public buildings 
in, 111. 

——-, Dr. James Bird on the vital and 
sanitary statistics of our European 
army in, 161. 

. Camps on the sanitary condi- 


tion of the in, 152. 
— and China, ‘aptain Henderson on 
routes between, 137, 


Indicator for steam-engines, C. T. Porter 
fan, Dr. Cleland on th change of 

Infants, Dr. Cl on the ty 
attitude which takes s place in, when 
beginning to walk, 112. 

Instinctive actions, Dr. W. Murray on 
the investigation of, 119. 

Ione, C. Spence Bate on a new species 
of 

Tonian Isles, Prof. Ansted on some curio- 
cities of physical geography in the, 
188. 

Ireland, J. B. Jukes on certain 
on some of the bones of s M 
hibernicus lately. found in, 81. 
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Iron, Dr. Riley on titanium in, 55. 

Iron shipbuilding, R. Taylorson on the 
diagonal princi le of, 189. 

Ironstone, Cleveland, J. Pattinson on 
zinc, nickel, and cobalt in the, 49. 

, Cleveland, in the west of England, 

Charlies Moore on the equivalents of 

the, 83. 


Jamaica, Prof. T. R. Jones and W. K. 
Parker on some recent and fossil Fora- 
minifera collected in, by the late Lucas 
Barrett, 80. 

Jameson (J.) on air-engines and an air- 
compressing apparatus, 173. 

Jeffreys (J. G \ on the upper tertiary 
fossils at Uddevalla, in Sweden, 78. 
Johnson (T.), an account of the attempts 

to transport salmon to Australia, 106. 

Jones (F rot T. Rupert), notes on some 
fossil and recent F oraminifera collected 
in Jamaica by the late Lucas Barrett, 
80, 105 ; a synopsis of the bivalve En- 
tomostraca of the carboniferous strata 
of Great Britain and Ireland, 80. 

Jukes (J. Beete) on certain markings on 
some of the bones of a Megaceros hi- 
bernicus lately found in Ireland, 81. 

*Junod (Dr.) on the physiological effect 
produced by apparatus contrived for 
the purpose of causing a vacuum upon 
the entire body, or a part thereof, 116. 


Kessler (L.) on the commercial advan- 
tages of a new carbonate of soda, 
43; on ving by hydrofluoric 
acid, 44; on a new system of evapo- 
ratin liquide, . 

Kidd (Dr. harles) on restoring drowned 

rsons, patients in chloroform acci- 
ents, &c., 116. 

*Kilgour (H.), Are nitrogen and carbonic 
oxide (the oxide of carbon) in different 
allotropic or isomeric states ?, 45. 

King (C. B.) on extinguishing fires, 174. 

King (Prof. W.) on the Neanderthal 
skull, or reasons for believing it to be- 
long to the Clydian period, and to a 
species different from that represented 
by man, 81. 

Kirkby (J. W.), synopsis of the bivalved 
Entomostraca of the carboniferous 
strata of Great Britain and Ireland, 
80; on some fossil fishes from the 
Permian limestone of Fulwell, near 
Sunderland, 82. 


Labouring classes, Dr. E. Smith on the 
dietaries of the, 128. 
Lacustrine human habitations in Wig- 
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tonshire, Lord Lovaine on the recent | Limestone formation of Northumberland, 


discovery of, 141. 

Ladd (W.) on a new form of syren, 14; 
on an acoustic telegraph, 19; on an 
electromotive engine, 19. 

#*Lakes of North America, J. A. Lapham 
on some facts respecting the, 140. 

Lamb (John) on the reduction of the 
death-rate in Gateshead by sanitary 
measures, 156. 

Lancashire, F’. Purdy on the mortality of, 
during the year ended midsummer 
1863, 159. 

—— operatives, Dr. E. Smith on the 
dietary of the, 123. 

Land Society, Coventry Freehold, C. H. 
Bracebridge on the, 151. 

Languages, R. 8. Charnock on Celtic, 134. 

, John Crawfurd on the so-called 
Celtic, 135. 

*Lapham (J. A.), some facts respecting 
the great lakes of North America, 140. 

Larch, common, John Hogg on prolife- 
rous cones of the, 95. 

Larve of Microlepidoptera, H. T. Stain- 
ton on the generic characters furnished 
by the different modes of mining leaves 

opted by the, 104. 

Lead, W. Baker on the impurities con- 
tained in, and their influence in its 
technical uses, 32. 

——, Dr. Zenner on impurities in, 58. 

——— veins of Allenheads, and other lead- 
veins of Yorkshire, Charles Moore on 
the organic contents of the, 83. 

— antimony, Thomas Richardson 
on the separation of, 52. 

Leaves, Dr. Maxwell T. Masters on cer- 
tain influences regulating the forms 


of, 97. 

Leckenby (J.) on a three-weeks’ dredg- 
ing-cruise off Scarborough, 105. 

Lee (Dr.) on the lunar “ Mare Smythii,” 
the walled plain “‘ Rosse,” the “ Percy 
Mountains,” and the newly named cra- 
ters, “Phillips,” “Wrottesley,”’ “Che- 
vallier,” and “ Piazzi Smyth,” 7. 

Lee (John) on the manufacture of the 
prussiate of potash, 51. 

Lee (R.) on the extinction of races, 140. 

*Lesley (J. P.) on the coal-measures of 
Sydney, Cape Breton, 82. 

Lignites, New Zealand, Dr. Murray 

homson on the composition of some, 


56. 
Lime, Dr. John Davy on the slacking of, 
43 


Limestone, Permian, of Fulwell, near 
Sunderland, J. W. Kirkby on some 
fossil fishes from the, 82, 


+ 


j 


George Tate’s description of a sea- 
etar, ribellites carbonarius, from the, 


Liquids, L. Keseler on a new system of, 


Lovaine (Lord) on the recent discovery 
of lacustrine human habitations in 
Wigtonshire, 141. 

Lowe (E. J.) on ozone and ozone-tests, 

2 


Lucifer matches and others ignited by 
friction, Prof. Abel on some results of 
experiments on, 32. 

Lunar mountains the Alps, W. R. Birt 

ical relations be- 


ium Frigoris, 

Lyell, Sir Charles, a few notes on his 

‘Antiquity of Man,’ by John Craw- 
furd, 136. 


M‘Farlane Gray (J.) on portable machi- 
nery for etng, &c., mvented by, 


Machinery, portable, for riveting, chip-~ 

ping, &e., invented by Ms. J eM Fae 
ane Gray, 184. 

Magnetographs, B. Stewart on the com- 
parison of the curves afforded by self- 
recording, at Kew and Lisbon, for July 
1868, 25. 

Main (D. D.) on the Newcastle and 
Gateshead Waterworks, 175. 

Malay Archipelago, Alfred R. Wallace 
on the physical geography of the, 107 ; 
on the varieties of men in the, 147, 

Maling (C. T.) on the manufacture of 

enware at Newcastle, 45. 

Malvern Hills, Dr. H. B. Holl on the 
metamorphic rocks of the, 70. 

Mammalia, Dr. Rolleston on the condi- 
tion of the uterus after delivery in cer- 
tain of the, 122. 

Man, C. Carter Blake on the syndacty- 
lous condition of the hand in, 98. 

—— and other animals, Dr. Cleland on 
the ligamentous action of the long 
muscles in, 11]. 

—’ 4 ohn Crawfurd on the commixture 
of the races of, as affecti C) 

of civilization in E. Agia and the 
Kiale and Polynesian Islands, 135. 

*Mantchuris, Capt. Fleming on the eth- 
nology of eastern, 136. 

*Marganza, the Rev. J. L. Proctor on 
the, 146. 

Marine boilers, Thomas Richardson and 
i. W. Bunning on the use of fuel in, 
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Marley (John) on the discovery of rock- tion,” 176; on M. Seiler’s “ balance 
salt in the new red sandstone at Mid- nérostatique,” 176. 
dlesborough, 82. Molecular motion, Dr. Zenner on impu- 


*Marsham (Hon. R.) on two ascents of ; _rities in lead and, 58. 
the volcano of Misti, 143. *Molluske, nudibranchiate, A. Hancock 


Masters (Dr. Maxwell T.) on certain in- on the renal organ in the, 116. 
uences regulating the forms of leaves, Moon, Prof. Phillips’s researches on the, 
&e., 97. . 

Mathematical symbols, W. H. L. Rus- | Moon’s mean motion in longitude, Rev. 
sell on a certain class of, 1. Dr. E. Hincks on the relationship be- 

Matthiessen (Dr. A.) on the constitu- tween the variation of the excentricity 
tion and rational formula of narcotine, of the earth’s orbit and the, 6. 

46. Moore (Charles) on the equivalents of 
the Cleveland ironstones in the West 


Megaceros hibernicus, J. B. Jukes on 


certain markings on some of the bones of England, 83; on the organic con- 
of a, lately found in Ireland, 81. tents of the lead-veins of Allenheads 
Men, R. Wallace on the varieties | and other lead-veins of Yorkshire, 
of, in the Malay Archipelago, 147. | 83. 
Mercurial air-pump, J. W. Swan on a, | Moray Firth, E. Roberts and Prof. Buak 


. | onthe opening of a cist of the Stone 

Meteoric fireball, Prof. Coffinonthe path : _age near the coast of the, 146. 
of a, relatively to the earth’s surface, | Mortality of Lancashire, &c., F. Purdy 
21. on the, during the year ended at mid- 

*Meteorological observations recorded at | summer 1863, 159. 

Huggate, Yorkshire, by Rev. T. Ran- | Mundesley, Norfolk, Prof. Phillips on the 
kin, 25. drift-beds of, 85. 

Miani (Signor) on his travels towards , Murchison (Sir R. I.), observations upon 
the sources of the Nile, 14:3. the Permian group of the N.W. of 

Mica-schist and slate, H. C. Sorby on England, 83; his address as president 
models illustrating contortions in, 88. | _ of Section E, 126. 

Microlepidoptera, H. T. Stainton on the , Murphy (J. J.) on the distribution of 
generic characters furnished by the dif- heat on the sun’s surface, and the cur- 
ferent modes of mining leaves adopted | __rents in its atmosphere, 9. 
by the larvee of, 106. Murray (Dr. W.) on the investigation of 

Micrometer, H. Soleil on a new, 15. instinctive actions, 119. 

Middlesborough, John Marley on the | Musical sounds produced by carbon, Dr. 
discovery of rock-salt in the new red T. L. Phipson on, 50. 
sandstone at, 82. 

Minerals, R. C. Clapham and John Da- | Narcotine, Dr. A. Matthiessen and G. C. 
glish on, found in coal-pits, 37. | Foster on the constitution and rational 

Miniature, H. Swan on a new kind of, formula of, 46. 
possessing apparent solidity by means | *Naudet (M.)on a metallic or holosteric 
of a combination of prisms, 7, ' _ barometer, 24. 

*Misti, volcano of, the Fron. R. Marsham | Neanderthal skull, Prof. W. King on the, 
on two ascents of the, 143. | 81. 

*Moffat (Dr.) on the connexion that | Negro, Dr. James Hunt on the physical 
exists between Admiral FitzRoy’s and mental characters of the, 440. 
‘caution telegrams” and the lumi- ' Newton (A.) on the irruption of Syr- 
nosity of phosphorus, 24. : Yhaptes  paradoxus, 1065. 

Moigno (the Abbé), M. Soleil’s tenebro- ' New Zealand lignites, Dr. Murray 
scope for illustrating the invisibility Thomson on the composition of some, 
of light, exhibited and described by, ! 56. 

14; on a free air barometer and ther- Nightingale (Afiss), on native colonial 
mometer by the Abbé Jeannon, 24; | hools and hospitals, from the sani- 
*on galvanic copper, photolithography, ' _ tary statistics of the aborigines of Bri- 
and Fhotomicroscopic specimens, 48 ; tish colonies, collected by, 155. . 
on Caselli’s autotelegraph, 176; on , *Nile, Baron von Heuglin on his éxplo- 
Bourdon and Saleron’s “injecteur pour ration of certain affluents of the, 138 ; 
les corps solides,” 176; on M. Peri- J.A.Grant on the discovery of the 
. gault de Rennes’ “ventilateur a réac- , sources of the, 137; Signor Miani on 
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his travels towards the sources of the, 


Norman (Rey. Alfred Merle) on British 
Holothuriads, with reference to new 
species, 106; on the morphology of 
the Ophiuroidea, 106. 

Northumberland, Dr. Wilson on the 
habits and diseases of the cval-miners 
of, 126; George Tate’s description of a 
sea-star, Cribellites carbonarius, from 
the mountain-limestone formation of, 


88. 
and Durham, W. H. Richardson on 
the paper-manufactures of, 183. 
— Celts, Rev. G. R. Hall on the social 
life of the, 187. 
Nova Scotia, Dr. Dawson on two new 
coal-plants from, 67. . 
*Nudibranchiate mollusks, A. Han 
on the renal organ in the, 116, 


Old Calabar, Prof. Thomson’s description 
of the fruit of Clerodendron Thom- 
sons (Balf.) from, 95. 

Ophiuroides, the Rev. Alfred Merle 

orman on the morphology of the, 


106. 

Ordnance, G. Richards on rifled, 182. 

*Orlmeys, G. Petrie on the antiquities of 
the, 143. 

Oudry (M.) on galvanic copper and its 
applications, 19. 

Oxfordshire, G. E. Roberta on the dis- 
covery of elephant and other mamma- 
lian remains in, 87, 

*Oxide of carbon in different allotropic 
or isomeric states ?, are nitrogen and 
carbonic oxide the, by H. Kilgour, 


Ozone and ozone-tests, E. J. Lowe on, 
22; Dr. T. Wood on oxidation by, 
58. 


Pacific fauna, W. Harper Pease on the 
principal divisions of the, 101. 

Page (T.) on bridge-foundations, 176. 

*Palearctic region, the Rev. H. B. Tris- 
tram on certain facts on the variation 
of species, which point to Western 
Asie as the centre of creation for the, 
107 


Paper-manufactures of Northumberland 
and Durham, W. H. Richardson on 
the, 183. 

Paris improvements and their cost, W. 

. Tite on the, 168. 

Parker (W. K.), notes on some fossil and 

recent Foraminifera collected in Ja- 
maice by the late Lucas Barrett, 80, 
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Pattinson (J.) on a deposit in the 
tubes of the Clevelan blast-furntoes, 
48; on zinc, nickel, and cobalt in the 
Cleveland ironstone, 49; on the va- 
rious kinds of pyrites used on the Tyne 
and neighbourhood in the mannfac- 
ture of sulphuric acid, 49. 

Peach (C. ¥ (Pht scter arcaphe. 

rm-whale r macrocepha- 
Tas) near Wick, N. B., 106. 
eacock (R. A.) on anew plan for hang- 
ing doc ge 177. 

Pease (W. Harper) on the principal di- 
visions of the Pacific fauna, 101. 

*Pelly (Colonel) on the tribes, trade, 
and resources around the shore-line of 

. pte ay CW Se 148. ; 
enge .) on the chronological 
value uf the triassic rocks of Devon- 
shire, 85. 

Pennine fault, W. Bainbridge on the, in 
connexion with the volcanic rocks at 
the foot of Crossfell, 64. 

Permian group of the N.W. of 
Sir R. I. Murchison and Prof R. 
Harkness upon the, 83. 

“Persian Gulf, Colonel Pelly on the 
tribes, trac:, and resources around the 
shore-line of the, 148. 

Perspective, or homography, Prof. Syl- 
vester on the quantity and centre of 
gravity of given in, 2. 

*Petrie (G.) on the antiquities of the 
Orkneys, 148. 

Phsenogamous plants, list of rarer, dis- 
covered in the S.E. of Durham since 
1829, by John Hogg, 96. 

Phillips (Prof), researches on the moon, 
9; on the drift-beds of Mundealey, 
Norfolk, 85; on the deposit of 
gravel, sand, and loam, with flimt im- 
plements, at St. Acheul, 85. 

Phipson (Dr. T. L.) on a new method of 
measuring the chemical action of the 
sun’s rays, 50; on musical sounds 
produced by carbon, 50; on the con- 
stant increase of organic matter in 
cultivated soils, 61. 

*Photelectric engraving, Duncan C. Dal- 


las on, 42. 
“Fhotolithography, the Abbé Moigno on, 


"Fhotomicroscopic specimens, the Abbé 

Moigno on, 48, 

“Phosphorus, Dr. Moffat on the con- 
nexion that exists between Admiral 
FitzRoy’s “caution telegrams” and 
the luminosity of, 24 

Physeter macrocephalus, O. W. Peach on 
the occurrence of, near Wick, N. B., 108. 
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Pim (Captain Bedford) on an inter- 
oceanic and international transit-route 
through Central America, 143 ; on his 
projected transit-route through Oen- 

America, by E. Salmon, 183. 

Planetary configurations, B. Stewart on 

gun-spote, and their connexion with, 


Planeta, R. S. Browne on the relative 
distances of the, from the sun, 5. 

Piant-house, description of a new, by 
T. Bewley, 95. 

Plants and gases, R. Garner on the reci- 
procal action between, 113. 

Plucker (Prof.) on spectral analysis, 


Pole (Prof. W.), deacription of the large 
ee by Sir W. Armstrong 
in his investigations on rifled projec- 
es, 177. 
Polynomials, J. J. Walker on the con- 
ditions of the resolvability of homo- 
neous algebraical, into factors, 8. 
Po yn08, Joshua Alder on. new British, 
97. 

Poor-law, Dr. Hancock on the difference 
between the Irish and lish, 153. 
Porter(C. T.) on Richards’s indicator for 

steam-engines, 178. 
Potash, John Lee and Thomas Richard- 
son on the manufacture of the prus- 


siate of, 51. 

Printing-tel h, Bonelli’s, W. Cook 
18; D ughes on a, 18, 
Priams, H. Swan on a new kind of mi- 

nia ing apperent solidity 


y possessing 

by means of a combination of, 17. 

Proctor (Barnard 8.) on the focal ad- 
justment of the eye, 16. 

*Froct r (Rev. J. L.) on the Margansa, 

Purdy (Frederick) on the decrease of 
the Toaltural pulation of Eng- 
land, 1851-61, 156; on the mortality 
of Lancashire, &c., during the year 
ended at midsummer 1863, 159. 

*Puseley (D.) on Thompson’s universal 
stopper for bottles, 180. 

Pyenogonoidea, list of the British, by 
George Hodge, 102. 

Pyrites, J. Pattinson on the various 
kinds of, used on the Tyne and neigh- 
bourhood in the manufacture of sul- 
phuric acid, 49. 

Pyrites-burners, W. Crookes on the ex- 
traction of thallium on a large acale 
from the flue-dust of, 41. 


uartzites, Alexand artifi- 
8 cially produced, 67. Serwa on 


207 


Races, R. Lee on the extinction of, 140. 
Railway, W. Fallows on the o of 
the Stockton and Darlington, 158. 
Railways, W. Smith on an improved valve 
and apparatus for atmosp" eric, 188. 
Rain-gauges erected at Calne, G. J. Sy- 
mons on the experimental series of, 


*Rankin (Rev. Thomas), meteorologi- 
cal observations recorded at Huggate, 
Yorkshire, 26. 

Rankine (Prof. W. J. M.), his address 

as president of Section A, 1; an inves- 

igation on plane water-lines, 180. 
mint gold year Bala lake, Mer 
very of gold near e, Merio- 

nethshire, 86. 

Refraction, atmospheric, Stephen Alex- 
ander on the augmentation of the ap- 
parent diameter of a body by its, 3. 

Richards (G.) on rifled o , ise. 

Richards’s indicator for steam-engines, 
C. T. Porter on, 178. 


Richardson (Thomas) on the manufac- 
ture of the prussiate of potash, 51; 
on the separation of lead and anti- 


mony, 52; on the use of fuel in ma- 
rine boilers, 58; analysis of a deposit 
from a colliery water containing sul- 


phate of b , 54. 

Richardson ( Ww. H.) on the paper manu- 
factures of Northumberland and Dur- 
ham, 183. 

Richter (Dr. Otto) on the chemical and 
physical principles in connexion with 
the specific gravity of liquid and solid 
substances, 54. 

Rifled ordnance, G. Richards on, 182. 

Riley (Dr.) on titanium in iron, 55, 

Riveting, W. Smith on portable ma- 
chinery for, inyented by J. M‘Farlane 
Gray, 184. 

Roberts (G. E.) on some remains of 
Bothriolepis, 87; on the discovery of 
elephant and other lan re- 
mains in Oxfordshire, 87; on the 


0 of a cist of the Stone age near 
the coast of the Moray Firth, 146. 


Robins omas), observations on cri- 
animal. 10 ) 


, 166. 

Robinzon (Dr. G.) on the practicability 
of arresting the development of epi- 
demic disease by the internal use of 
antizymotic agents, 119; on the na- 
ture and varieties of organic effluvia, 

*Robinson (J.) on an improved manu- 
facture of biscuits, 183. 

Rocks, Dr. Harvey B. Holl on the meta- 


morphic, of the Malvern Hills, 70. 
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Rocks of Charnwood Forest, Prof. D. T. 
Anated on the metamorphic origin of 
the porphyritic, 64. 

-——, on the Pennine fault in connexion 
with the volcanic, at the foot of Cross- | 
fell, by W. Bainbridge, G64. 

——, Prof. J. Thomson on the origin of : 
the jointed prismatic structure in ba- 
salts and other igneous, 89. 

-——, Silurian, of the county of Tyrone, , 
Prof. Harkness on the hornblendic | 
greenstones, and their relations to the | 
metamorphic and, 70. 

——, triassic, of Devonshire, W. Pen- 

gelly on the chronological value of the, 


Rock-salt in the new red sandstone at 
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scale for ing curved lines, 25; 
on ethnographical casta, 146. 
Scotland, Harkness on the 


ferous and footprint-sandstones of the 
N.E. of, 69. 

Seeley (H.) on a help to the identifica- 
tion of fossil bivalve shell, 87. 


| Shells, H. Seeley on a help to the iden- 


tification of fossil bivalve, 87. 

Shipbuilding, iron, R. Taylorson on the 
diagonal principle of, 189. 

Ships, Captain Douglas Galton on ar- 
mour-plating for, 173. 

——,,tim er-built, Admiral SirE- Beleber 
on a mode of rendering, impregna 
and unsinkable under moderate crew- 
power, as in leaky vessels, 171. 


Middlesborough, John Marley on the, | Ships’ bottoms, Dr. White on the pre- 
82 


vention of fouling, 189. 


Rolleston (Dr.), his address as president | Ships of war, George Bedford on cor- 


of Subsection D, 100; on the condition | 
of the uterus after delivery in certain | 


of the mammalia, 122. 

Rose (C. W.) on a monstrosity in a 
whiting, 106. | 

Rothliegendes, Dr. Geinitz on a sala- 
mander in the, 68. 

*Runic inscriptions in St. Molio’s Cave, 
Prof. D. Wilson on the discovery of 
three additional, 148. 

Russell (W. H. L.) on 6 certain class of 
mathematical symbols, 1. 


St. Acheul, Prof. Phillips on the deposit 
of the vel, sand, and loam with 
flint implements at, 85. 

St. Lawrence and the great lakes, Dr. 


Hulburt on the hydrography of the, 73. | 


Salamander in the Rothliegendes, Dr. 
Geinitz on a, 88. 

Salmon, T. Johnson’s account of the at- 
tempts to transport, to Australia, 105. 

——, Dr. John 
the 


Salmon (E.) on Capt. Pim’s projected | 
transit-route through Central Ame- | 


rica, 183. 
Salts, R. C. Clapham and John Daglish 


on minerals and, found in coal-pita, 37. | 


Samuelson AY .) on life in the atmo- 
sphere, 123. 

Sandstone, red, W. Matthias Dunn on 
the relations of the Cumberland coal- 
field to the, 68. 

Sandatones, Prof. Harkneas on the repti- 
liferous and footprint-, of the N.E. of 


Scotland, 69. 
Scarborough, J. Leckenby on a three- 
eeks’ mg-cruise off, 105. 


Ww 
Schlagintweit (H.) on a new revolving 


avy on the colour of | 


Tugated armour of steel or iron for, 
Skiddaw slates, Prof. Harkness on the 
fossils of the, 69. 
Skull, Prof. King on the Neanderthal, 


——, W. Turner on the anatomical cha- 
racters of the, found by Mr. Duck- 
worth, 147, 

4 scaphocephalic, W. Turner on the, 


Slate, H. C, Sorby on models illustrating 
contortions in mica-schist and, 88. 
Smith (Dr. E.) on the dietaries of the 
labouring classes, 128; on the dietary 
of the Lancashire Operatives, 123. 
Smith (W.) on portable i or 
8 tus for riveting, chipping, &e., 
184; on a novel arrangement of direct- 
acting steam-engines, 186; on a novel 
method of covering boilers, pipes, and 
cylinders of steam-engines for prevent- 
ing the radiation of heat, 187; on an 
improved valve and a for at- 
S st (Prk Pre) ; the changing 
myt. jazzi) on the i 
colour of the star 95 Herculis, 10; on 
a proof of the dioptric and actinic 
uality of the atmosphere at a high 


s ayth (Werington ington W.), bis address 
m -)s as 
resident of Section ©, 59. 

Soda, L. Kessler on the commercial ad- 
vantages of a new carbonate of, 43. 
Soils, Dr. T. L. Phipson on the constant 

increase of organic matter in cultivated, 


Solar eyepiece invented by the Rev. W. 
Dawes, description of a, 6. 
Soleil (H.) on a new micremeter, 16, 
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for illus- | Sun, R. S. Browne on the relative dis- 


Soleil's ) tene 
tating the invisibility of light, ex- 
hibited and described by the Abbé 
Moigno, 14. 

Somme and Ouse, R. A. ©. Godwin- 
Austen on the alluvial accumulation 
in the valleys of the, 68. 

Sopwith (T.) on a section of the strata 

m Hownes Gill to Cross Fell, 88. 

Sorby (H. C.) on models illustrating 

contortions in mica-schist and slate, 


Speci gravity of of liquid and solid sub- 
stances, Dr Vito Hichter on the che- 
mical an rinciples in con- 
nexion nd ph Ne, Bd. ue 
e analysis, Prof. Pliicker on, 
5. 


Spence (James), novel method of cover- 
ing boilers, ai and cylinders of 
steam r preventing the ra- 
diation o heat, 18 

Sperm whale, C. W. Peach on the oc- 
currence of the, near Wick, N. B., 108. 

Stainton (H. T.) on the generic charac- 
tere furnish by the ‘a nt modes 

eaves opted e larvee 
of Microlepidoptera, 

Star chromatpecope, A A. Claudet on the, 5. 

Star 05 Herculis, Prof. Piazzi Smyth on 
the changing of colour of the, 10. 

-engines, C. T’. Porter on Richards’s 
ws fore 178. al 
mith on a novel arrangement 
of ‘direct-acting, 186 ;. on a novel me- 
thod of covering boilers, pipes, and 
cylinders of, ir preventing the radia- 
tion of heat, 18 

Steam-hammers, f ohn 8 
acting valve-motion for, 189. 

Steel or iron for ships of war, description 
of ted, by Bedford, 182. 

Stewart our) on sun-spote and ‘their 
connexion with planetary con 
tions, 11; on the comparison o the 
curves afforded by self-recording nding mag- 

netographe atKewand Lisbon, for July 
1863, 2 


Stockton, John Hogg on the fossil teeth 
of a horse found in the red clay at, 70. 
nm (John) on eelf-acting valve- | 


on self- 


motion for steam- 

Su Dr. Otto Richter on the 
chemical and physical principles in 
connexion with the c gravity of 
liquid and solid, 54 

Sulphur, Prof. D. T. Ansted on a de- 

posit of, in Corfu, 64. 
ries ‘acid, Pr Pate on the elasticity 
ses vapour of, 
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tances of the Planets from the, 5. 


Sun-spots and their connexion with pla- 
tary configuration B. Stewart on, 11. 
Sun’ s rays, Dr. T. L. Phipson on a new 


method of measuring the chemical ac- 
tion of the, 50. 

Sun’s surface, and the currents in its 
atmosphere, J. J. Murphy on the dis- 
tributlon of heat on the, ¥. 

Swamy (Mutu Coomara) on the ethno— 


itsVingsloveand Tamilinhabltanta,146, 


Swan ;) on & new kind of miniature 
t solidity y means 
of a com ination of prisms, 1 
Swan (J.W.)on amereurial air-pump, 26. 
Swinbourne (R. W.) on glass, 
Sykes (Colonel), comparioon of the or- 
ation and cost in detail of the 
glish and French armies for 1863- 


64, 163. 
Sylvester (Prof.) on the * oe wi and 
centre of gravity of gures given in 


e, or hom 
Symbo sete i L. Rus- 
span OTe haepb ota 
ymons escription of the ex- 
perimental series! ition of erected 
at Calne, 26. 
Symons -) on & new marine and 


mountain barometer, 27; on a maxi- 
oT thermometer with & new index, 
on a new form of gas-battery, 
Syren, W. Ladd on a new form of, 14. 
Syrrhaptes paradoxus, A. Newton on the 
nruption of, 105. 


Tanning trade of Newcastle-upon- 
T.C. Angus on thestatistics of the, QL. 
Tate te (George) description of a sea-star, 
lites carbonarius, from the moun- 
tain limestone formation of Northum- 
berland, with a notice of its association 
with carboniferous plants, 88. 
Tate (T.) on the elasticity of the vapour 
r of sulphuric acid, 17. vl ; 
aylorson on the rinciple 
rT of iron ai pailding, | 199, P a 
e Telegra es on a printing, 
Too Cook on Bonelli’s Pade 18. 
Telegraphic fs faceimiles produced by Ca- 


Tel level Admiral Sir FE. 
Belcher ona for o altitudes 
and o latitudes independently 
of natural or artificial horizons, 170. 


Tenebrosco M. Soleil's A rtubited and 
6 olgno, 
Thallfam J 5 L Bell on, 34. 
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Thallium, W. Crookes on the extraction | Volunteer fi 


of, fromthe flue-dust of pyritee-burners, 
Thermometer, the Abbé Jeannon’s free 
alr, . 
——, W. Symons on a maximum, with a 
new index, 27. . 
Thomson (Prof. J.) on the origin of the 
jointed prismatic structure in basalts 
no one Mare yon . 
omson (Dr. Murray) on the composi- 
tion of some New Zealand lignites, 66. 
Thomson (Prof. W.) on the result of re- 
duotions of curves obtained from the 
recording electrometer at Kew, 27. 
Tientsin, Capt. G. Fleming on a journey 
fro capital of u Tar- 
3 e 
Titanium in iron, Dr. Riley on, 55. 
Tite wi iam), i address as president 
of Section F’, 149. 
on the Paris improvements and 
their 168, 
Tristram 


107 ; 
of epecies, which point to West Agia 
as the centre of creation for the palex- 

arctic region, 107. 

Troops in India, Dr. Camps on the sani- 
tary condition of the, 152. 

Turner (William) on cranial deformities, 
more cepecially on the scaphocephalic 
skull, 124; on the anatomical cha-~ 
racter of the skull found by Mr. Duck- 
worth, 147. 

Tyne and neighbourhood, J. Pattinson 
on the various kinds of pyrites used 

on the, in the manufacture of sulphuric 


acid, 49, . 
e water, analyais of, 176. 
ne, Prof. imess on the horn- 
blendic greenstones and their relations 


to the metamorphic and Silurian rocks 
of the county of, 70. 


Uddevalla, in Sweden, J. Gwyn Jefire 
on the upper tertiary fossils at, 73. ” 

Uterus, Dr. Rolleston on the condition 
of the, after delivery in certain of the 
mammalia, 122. 


“Vill (ML G.), définer par la végétation 
l'état moléculaire des corps; analyser 
la force végétale par des essais rai- 
sonnés de culture, 57. 

Volcanic eruptions, J. Alexander Davies 
on the causes of earthquakes and, 67. 

*Voleano of Misti, on two ascents of the, 
by the Hon. R. 148. 
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Lieut.-Cal. C. 
Allhusen on the, 150. Henry 


Waggons, George Fawcus on improve- 


ments in, 172. 
Walker (J: J.) on the condition of the 
resolvability of hom algebra- 


ical polynomials into factors, 8. 


Wallace (Alfred R.) on the ysical 
phy of the Malay a 
07; on the geographical on 


Wheelwright (W.) on the Central Ar- 
tine railway from Rosario to Cor- 
ova, and acrosa the Cordillera of the 
Andes, 148. 
White (Dr:) on the prevention of foul- 
ing 188. 
White (John) on the means of passing 
unharmed through noxious gases or 
Whi ~ W. Rose on a monstrosity 
. ina, 106. 
Wigtonahire, Lord Lovaine on the recent 
discovery of lacustrine human habita- 


tions in, 141. 
Williamson f, A. W.), addreas as 
wremient Section B, 28. 
iulson (Dr.) on the coal-miners of Dar- 
ham and Northumberland, their habits 
and diseases, 126. 
* Wilson ol dD) io the discovery of 
three oO unie inscriptions in 
St. Molio’s Cave, Holy Island, Argyle- 


? 

Wood (Rev. J. E.) on the rivers of the 
interior of A ia, 148. 

Wood (Nicholas) on “the Wash,” a re- 
markable denudation through a por- 
tion of the coal-field of Durham, LN 

Wood (Dr. T.) on oxidation by osone, 


Zenner (Dr.) on impurities in lead, and 
mmolesalay sootien: 68. ot 
Zinc, nickel, and cobalt in the Cleve- 
land ironstone, J. Pattineon on, 49. 
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Mathematical Theories of Electricity, Magnetism, and Heat;— A. Quetelet, Apercn de 
l’Etat actuel des Sciences Mathématiques chez les Belges ;—Capt. E. Sabine, on the Phe- 
nomena of Terrestrial Magnetism. 

Together with the Transactions of the Sections, Prof. Sir W. Hamilton’ s Address, and Re 
commendations of the Association and its Committees. 


PROCEEDINGS or tue SIXTH MEETING, at Bristol, 1886, Pxb- 
ished at 12s. 


Contents :—Prof. Daubeny, on the Present State of our Knowledge with respect to Mine- 
ral and Thermal Waters ;—Major E. Sabine, on the Direction and Intensity of the Terrestrial 
Magnetic Force in Scotland ;—J. Richardson, on North American Zoology ;—Bev. J. Challis, 
on the Mathematical Theory of Fluids ;—J. T. Mackay, a Comparative View of the more 
remarkable Plants which characterize the neighbourhood of Dublin and Edinburgh, and the 
South-west of Scotland, &c.;—J. T. Mackay, Comparative Geographical Notices of the 
more remarkable Plants which characterize Scotland and Ireland ;—Report of the Londoa Sub- 
Committee of the Medical Section on the Motions and Sounds of the Heart ;—Second Report 
of the Dublin Sub-Committee on the Motiuns and Sounds of the Heart ;—Report of the Dublin 
Committee on the Pathology of the Brain and Nervous System ;—J. W. Lubbock, Account 
of the Recent Discussions of Observations of the Tides ;—Rev. B. Powell, on determining the 
Refractive Indices for the Standard Rays of the Solar Spectrum in various media; —Dr. Hodgkin, 
on the Communication between the Arteries and Absorbents}—Prof. Phillips, Report of Experi- 
ments on Subterranean Temperature ;—Prof. Hamilton, on the Validity of a Method recently 
proposed by G. B. Jerrard, for Transformivg and Resolving Equations of Elevated Degrees. 

Together with the Transactions of the Sections, Prof Daubeny’s Address, and Recommen- 
dations of the Association and its Committees. ; 


PROCEEDINGS or rxz SEVENTH M EETING, at Liverpool, 16S7, 
Published at 16s. 6d. 


Contexts :—Major E. Sabine, on the Variations of the Magnetic Intensity observed at dif- 
ferent points of the Earth’s Surface ;—Rev. W. Taylor, on the various modes of Printing fer 
the Use of the Blind —J. W. Lubbock, on the Discussions of Observations of the Tides ;— 
Prof. T. Thomson, on the Difference between the Composition of Cast Iron produced by the 
Cold and Hot Blast ;—Rev. T. R. Robinson, on the Determination of the Constant of Nutation 
by the Greenwich Observations ;—-R. W. Fox, Experiments on the Electricity of Metallic 
Veins, and the Temperature of Mines ;—Provisional Report of the Committee of the Medical 
Section of the British Association, appointed to investigate the Composition of Secretions, and 
the Organs producing them ;—Dr. G. O. Rees, Report from the Committee for inquiring mto 
the Analysis of the Glands, &c. of the Human Body ;—Second Report of the London Sub-Com- 
mittee of the British Association Medical Section, on the Motions and Sounds of the Heart ;— 
Prof. Johnston, on the Present State of our Knowledge in regard to Dimorphous Bodies ;— 
Lt.-Col. Sykes, on the Statistics of the Four Collectorates of Dukhun, under the British Go- 
vernment ;-~E. Hodgkinson, on the relative Strength and other Mechanical Properties of Iron 
obtained from the Hot and Cold Blast ;—W. Fairbairn, on the Strength and other Properties 
of Tron obtained from the Hot and Cold Blast ;—Sir J. Robison, and J. S. Russell, Report of 
the Committee on Waves ;—Note by Major Sabine, being an Appendix to his Report on the 
Variations of the Magnetic Intensity observed at different Points of the Earth’s Surface ;— 
J. Yates, on the Growth of Plants under Glass, and without any free communication with the 
outward Air, on the Plan of Mr. N. J. Ward, of London. 

Together with the Transactions of the Sections, Prof. Traill’s Address and Recommenda- 

“ons of the Association and its Committees. 
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PROCEEDINGS or tue EIGHTH MEETING, at Newcastle, 1888, 
Published at 15s. 


ConTENTS :—Rev. W. Whewell, Account of a Level Line, measured from the Bristol Chan- 
wel to the English Channel, by Mr. Bunt;—Report on the Discussions of Tides, prepared 
under the direetion of the Rev. W. Whewell ;—W. S. Harris, Account of the Progress and 
State of the Meteorological Observations at Plymouth ;—Major E. Sabine, on the Magnetic 
Isoclinal and Isodynamic Lines in the British Islands ;—D. Lardner, LL.D., on the Determi- 
nation of the Mean Numerical Values of Railway Constants;—R. Mallet, First Report upon 
Experiments upon the Action of Sea and River Water upon Cast and Wrought Iron ;—R. 
Mallet, on the Action ofa Heat of 212° Fahr., when long continued, on Inorganic and Organic 
Substances. 

Together with the Transactions of the Sections, Mr. Murchison’s Address, and Recommen- 
dationa of the Association and its Committees. 


PROCEEDINGS or tuz NINTH MEETING, at Birmingham, 1839, 
Published at 13s. 6d. 


Contents :—Rev. B. Powell, Report on the Present State of our Knowledge of Refractive 
Indices, for the Standard Rays of the Solar Spectrum in different media ;—Report on the Ap- 
plication of the Sum assigned for Tide Calculations to Rev. W. Whewell, in a Letter from T. G. 
Bunt, Esq. ;—H. L. Pattinson, on some Galvanic Experiments to determine the Existence or 
Non- Existence of Electrical Currents among Stratified Rocks, particularly those of the Moun- 
tain Limestone formation, constituting the Lead Measures of Alton Moor ;—-Sir D. Brewster, 
Reports respecting the two series of Hourly Meteorological Observations kept in Scotland ;— 
Report on the subject of a series of Resolutions adopted by the British Association at their 
Meeting in August 1838, at Newcastle ;——R. Owen, Report on British Fossil Reptiles ;—E. 
Forbes, Report on the Distribution of Pulmoniferous Mollusca in the British Isles ;—W. S. 
Harris, Third Report on the Progress of the Hourly Meteorological Register at Plymouth 
Dockyard. 

Together with the Transactions of the Sections, Rev. W. Vernon Harcourt’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS or tHe TENTH MEETING, at Glasgow, 1840, 
Published at 15s. 


CoxTEnts :—Rev. B. Powell, Report on the recent Progress of discovery relative to Radiant 
Heat, supplementary to a former Keport on the same subject inserted in the first volume of the 
Reports of the British Association for the Advancement of Science ;—J. D. Forbes, Supple- 
mentary Report on Meteorology »—W. 8. Harris, Report on Prof. Whewell’s Anemometer, 
now in operation at Plymouth ;-—Report on ‘‘ The Motion and Sounds of the Heart,” by the 
London Committee of the British Association, for 1839-40 ;—-Prof. Schénbein, an Account of 
Researches in Electro-Chemistry ;—R. Mallet, Second Report upon the Action of Air and 
Water, whether fresh or salt, clear or foul, and at various temperatures, upon Cast Iron, 
Wrought Iron and Steel ;—R. W. Fox, Report on some Observations on Subterranean Tem- 
perature ;—A. F. Osler, Report on the Observations recorded during the years 1837, 1838, 1839, 
and 1840, by the Self-registering Anemometer erected at the Philosophical Institution, Bir- 
mingham ;—Sir D. Brewster, Report respecting the two Series of Hourly Meteorological Ob- 
servations kept at Inverness and Kingussie, from Nov. Ist, 1838 to Nov. lst, 1839 ;—W. 
Thompson, Report on the Fauna of Ireland: Div. Vertebrate ;—C. J. B. Williams, M.D., 
Report of Experiments on the Physiology of the Lungs and Air-Tubes ;—Kev., J. S. Henslow, 
Report of the Committee on the Preservation of Animal and Vegetable Substances. 

Together with the Transactions of the Sections, Mr. Murchison and Major E. Sabine’s 
Address, and Recommendations of the Association and its Committees. 


PROCEEDINGS or tHe ELEVENTH MEETING, at Plymouth, 
1841, Published at 13s. 6d. 


Contents :—Reyv. P. Kelland, on the Present state of our Theoretical and Experimental 
Knowledge of the Laws of Conduction of Heat ;—G. L. Roupell, M.D., Report on Poisons ;— 
T. G. Bunt, Report on Discussions of Bristol Tides, under the direction of the Rev. W. Whewell; 
—D. Ross, Report on the Discussions of Leith Tide Observations, under the direction of the 
Rev. W. Whewell ;—W. S. Harris, upon the working of Whewell’s Anemometer at Plymouth 
during the past year ;—Report of a Committee appointed for the purpose of superintend- 
ing the scientific cooperation of the British Association in the System of Simultaneous Obsere 
vations in Terrestrial Magnetism and Meteorology ;—Reports of Committees appointed to pro- 
vide Meteorological Instruments for the use of M, Agassiz and Mr, M‘Cord ;—Report of a Com- 
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milttee to superintend the reduction of Meteorological Observations ;—Repart of a Cem- 
mittee for revising the Nomenclature of the Stars ;—Report of a Committee for obtaining In- 
struments and Registers to record Shocks and Earthquakes in Scotland and Ireland 3—Report of 
a Committee on the Preservation of Vegetative Powers in Seeds ;~-Dr. Hodgkin, on Inquiries 
into the Races of Man ;—Report of the Committee appointed to report how far the Desiderata 
in our knowledge of the Condition of the Upper Strata of the Atmosphere may be supplied by 
means of Ascents in Balloons or otherwise, to ascertain the probable expense of sach Bxperi- 
ments, and to draw up Directions for Observers in such circumstances ;—-R. Owen, Report 
on British Fossil Reptiles ;—Reports on the Determination of the Mean Value of Railway 
Constants ;—D. Lardner, LL.D., Second and concluding Report on the Determination of the 
Mean Value of Railway Constants ;—E. Woods, Report on Railway Constants ;-—Repart of a 
Committee on the Construction of a Constant Indicator for Steam-Engines, 

Together with the Transactions of the Sections, Prof. Whewell’s Address, and Recossmen- 
dations of the Association and its Committees. 


PROCEEDINGS or tHz TWELFTH MEETING, at Manchester, 
1842, Published at 10s. 6d. 


_ Contents :—Report of the Committee appointed to conduct the cooperation of the British 
Association in the System of Simultaneous Magnetical and Meteorological Observations ;— 
J. Richardson, M.D., Report on the present State of the Ichthyology of New Zealand ;— 
W.S. Harris, Report on the Progress of Meteorological Observations at Plymouth ;—Second 
Report of a Committee appointed to make Experiments on the Growth and Vitality of Seeds; 
-—C. Vignoles, Keport of the Committee on Railway Sections ;—Report of the Committee 
for the Preservation of Animal and Vegetable Substances ;—Lyon Playfair, M.D., Abstract 
of Prof. Liebig’s Report on Organic Chemistry applied to Physiology and Pathology ;— 
R. Owen, Report on the British Fossil Mammalia, Part I.;—R. Hunt, Researches on the 
Influence of Light on the Germination of Seeds andthe Growth of Plants ;—L. Agassiz, Report 
on the Fossil Fishea of the Devonian System or Old Red Sandstone ;—W. Fairbairn, Ap- 
pendix to a Report on the Strength and other Properties of Cast Iron obtained from the Hor 
and Cold Blast ;—-D. Milne, Report of the Committee for Registering Shocks of Earthquakes 
ijn Great Britain ;—Report of a Committee on the construction of a Constant Indicator for 
Steam-Engines, and for the determination of the Velocity of the Piston of the Self-acting Ea- 
gine at different periods of the Stroke ;—J. S. Russell, Report of a Committee on the Form of 
Ships ;—Report of a Committee appointed “to consider of the Ryles by which the Nomencia- 
ture of Zoology may be established on a uniform and permanent basis ;""—Report of a Com- 
mittee on the Vital Statistics of Jarge Towns in Scotland ;—Provisional Reports, and Notices 
of Progress in special Researches entrusted to Committees and Individuals. . 

Together with the Transactions of the Sections, Lord Francis Egerton’s Address, and Re- 
commendations of the Association and its Committees. 


PROCEEDINGS or tHe THIRTEENTH MEETING, at Cork, 
1845, Published at 12s. 


ConrTENntTs :—Robert Mallet, Third Report upon the Action of Air and Water, whether 
fresh or salt, clear or foul, and at Various Temperatures, upon Cast Iron, Wrought Iron, and 
Steel ;—Report of the Committee appointed to conduct the cooperation of the British As- 
sociation in the System of Simultaneous Magnetical and Meteorological Observations ;—Sir 
J. F. W. Herschel, Bart., Report of the Committee appointed for the Reduction of Meteoro- 
logical Observations ;—Report of the Committee appointed for Experiments on Steam- 
Engines ;—Report of the Committee appointed to continue their Experiments on the Vitality 
of Seeds ;—J. S. Russell, Report of a Series of Observations on the Tides of the Frith of 
Forth and the East Coast of Scotland ;—J. S. Russell, Notice of a Report of the Committee 
on the Form of Ships;—J. Blake, Report on the Physiological Action of Medicines ;—Repoxt 
of the Committee on Zoological Nomenclature ;—Report of the Committee for Registering 
the Shocks of Earthquakes, and making such Meteorological Observations as may appear to 
them desirable ;—Report of the Committee for conducting Experiments with Captive Balloons; 
—Prof. Wheatstone, Appendix to the Report ;—Report of the Committee for the Translation 
and Publication of Foreign Scientific; Memoirs ;—C. W. Peach, on the Habits of the Marine 
‘Testacea ;~-E. Forbes, Report on the Mollusca and Radiata of the Agean Sea, and on their 
‘distribution, considered as bearing on Geology ;—-L. Agassis, Synoptical Table of British 
Fossil Fishes, arranged in the order of the Geological Formations ;-—-R. Owen, Report on the 

ttish Fossil Mammalia, Part IT. ;—E. W. Binney, Report on the excavation made at the 
‘ion of the Lower New Red Sandstone with the Coal Measures at Collyhurst -—W. 
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Thoropeon, Report on the Fauna of Ireland: Div. Jnvertebrata ;—Provisional Reports, and 
Notiees of Progress in Special Researches entrusted to Committees and Individuals. 

Together with the Transactions of the Sections, Earl of Rosse’s Address, and Recommen- 
dations of the Association and its Committees. 


PROCEEDINGS or ruz FOURTEENTH MEETING, at York, 1844, 
Published at £1. 


ConTENTS :—W. B. Carpenter, on the Microscopic Structure of Shells ;—J. Alder and A. 
Hancock, Report on the British Nudibranchiate Mollusca ;—R. Hunt, Researches on the 
Influence of Light on the Germination of Seeds and the Growth of Plants ;—Report of a 
Committee appointed by the British Association in 1840, for revising the Nomenclature of the 
Stars ;—-Lt.-Col. Sabine, on the Meteorology of Toronto in Canada ;—J. Blackwall, Report 
on some recent researches into the Structure, Functions, and Ciconomy of the Aranetdea 
made in Great Britain ;—Earl! of Rosse, on the Construction of large Reflecting Telescopes ; 
—Rev. W..V. Harcourt, Report on a Gas-furnace for Experiments on Vitrifaction and other 
Applications of High Heat in the Laboratory ;—Report of the Committee for Registering 
Earthquake Shocks in Scotland ;—Report of a Committee for Experiments on Steam-Engines$ 
—Report of the Committee to investigate the Varieties of the Human Race ;—Fourth Report 
of a Committee appointed to continue their Experiments on the Vitality of Seeds ;—-W. Fair. 
bairn, on the Consumption of Fuel and the Prevention of Smoke ;—F. Ronalds, Report con- 
cerning the Observatory of the British Association at Kew ;—Sixth Report of the Committee 
appointed to conduct the Cooperation of the British Association in the System of Simulta- 
neous Magnetical and Meteorological Observations ;—Prof. Forchhammer on the influence 
of Fucoidal Plants upon the Formations of the Earth, on Metamorphism in general, and par- 
ticularly the Metamorphosis of the Scandinavian Alum Slate ;—H. E. Strickland, Report on 
the recent Progress and Present State of Ornithology ;—T. Oldham, Report of Committee 
appointed to conduct Observations on Subterranean Temperature in Ireland ;—Prof. Owen, 
Report on the Extinct Mammals of Australia, with descriptions of certain Fossils indicative 
of the former existence in that continent of large Marsupial Representatives of the Order 
Pachydermata ;—W. S, Harris, Report on the working of Whewell and Osler’s Anemometers 
at Plymouth, for the years 1841, 1842, 1843 ;—W. R. Birt, Report on Atmospheric Waves; 
—L. Agassiz, Rapport sur les Poissons Fossiles de l’Argile de Londres, with translation ;—J. 
S. Russell, Report on Waves ;-—Provisional Reports, and Notices of Progress in Special Re- 
searches entrusted to Committees and Individuals. 

Together with the Transactions of the Sections, Dean of Ely’s Address, and Recommenda- 
tions of the Association and its Committees. 


PROCEEDINGS or tne FIFTEENTH MEETING, at Cambridge, 
1845, Published at 12s. 


ConTENTS :—Seventh Report of a Committee appointed to conduct the Cooperation of the 
British Association in the System of Simultaneous Magnetical and Meteorological Observa- 
tions ;—Lt.-Col. Sabine, on some points in the Meteorology of Bombay ;—J. Blake, Report 
on the Physiological Actions of Medicines ;~—Dr. Von Boguslawski, on the Comet of 18433 
—R. Hunt, Report on the Actinograph ;—Prof. Schénbein, on Ozone ;—Prof. Erman, on 
the Influence of Friction upon Thermo-Electricity ;—Baron Senftenberg, on the Self- 
Registering Meteorological Instruments employed in the Observatory at Senftenberg ;— 
W. R. Birt, Second Report on Atmospheric Waves ;—G. R. Porter, on the Progress and Pre- 
sent Extent of Savings’ Banks in the United Kingdom ;—Prof. Bunsen and Dr, Playfair, 
Report on the Gases evolved from Iron Furnaces, with reference to the Theory of Smelting 
of Iron ;—Dr. Richardson, Report on the Ichthyology of the Seas of China and Japan ;— 
Report of the Committee on the Registration of Periodical Phenomena of Animals and Vege- 
tables ;—Fifth Report of the Committee on the Vitality of Seeds ;—Appendix, &c. 

Together with the Transactions of the Sections, Sir J. F. W. Herschel’s Address, and Re- 
commendations of the Association and its Committees. 


PROCEEDINGS ov tuz SIXTEENTH MEETING, at Southampton, 
1846, Published at 16s. 


ConTENTS:—G. G,. Stokes, Report on Recent Researches in Hydrodynamics ;—Sixth 
Report of the Committee on the Vitality of Seeds ;—Dr. Schunck on the Colouring Matters of 
Madder ;—J. Blake, on the Physiological Action of Medicines ;—R. Hunt, Report on the Ac- 
tinograph ;—-R. Hunt, Notices on the Influence of Light on the Growth of Plants ;--R. L. 
Ellis, on the Recent Progress of Analysis ;—Prof, Forchhammer, on Comparative Analytical 
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Researches on Sea Water ;—-A, Erman,.on the Calculation of the Gaussian Constants for 
1829;—G. R. Porter, on the Progresa, present Amount, and probable future Candition of the 
Iron Manufacture in Great Britain ;—W. R. Birt, Third Report on Atmospheric Waves -— 
Prof, Owen, Report on the Archetype and Homologies of the Vertebrate Skeleton ;— 
J. Phillips, on Anemometry ;—J. Percy, M.D. Report on the Crystalline Flags ;-—Addenda 
to Mr. Birt’s Report on Atmospheric Waves. 

Together with the Transactions of the Sections, Sir R. I. Murchison’s Address, and Re- 
commendations of the Association and its Committees, 


PROCEEDINGS or ruz SEVENTEENTH MEETING, at Orford, 
1847, Pubitished at 18s. 
ConTENTS :—Prof. Langberg, on the Specific Gravity of Sulphuric Acid at different de- 
grees of dilution, and on the relation which exists between the Development of Heat and the 
coincident contraction of Volume in Sulphuric Acid when mixed with Water ;—R. Haat, 
Researches on the Influence of the Solar Rays on the Growth of Plants;—R. Mallet, an 
the Facts of Earthquake Phenomena ;—Prof. Nilsson, on the Primitive Inhabitants of Scane 
dinavia ;—W. Hopkins, Report on the Geological Theories of Elevation and Earthquakes; 
—Dr. W. B. Carpenter, Reporton the Microscopic Structure of Shells ;—Rev. W. Whewell and 
Sir James C. Ross, Report upon the Recommendation of an Expedition for the purpose of 
completing our knowledge of the Tides ;—Dr. Schunck, on Colouring Matters ;—Seventh Re- 
port of the Committee on the Vitality of Seeds ;—J. Glynn, on the Turbiae or Horizenul 
Water- Wheel of France and Germany ;—Dr. R. G. Latham, on the present state and recent 
progress of Ethnographical Philology ;—Dr. J. C. Prichard, on the various methods of Research 
which contribute to the Advancement of Ethnology, and of the relations of that Science to 
other branches of Knowledge ;—Dr. C. C. J. Bunsen, on the results of the recent Egyptian 
researches in reference to Asiatic and African Ethnology, and the Classification of Languages ; 
—Dr. C. Meyer, on the Importance of the Study of the Celtic Language as exhibited by the 
Modern Celtic Dialects still extant ;—Dr. Max Miiller, on the Relation of the Bengali to the 
Arian and Aboriginal Languages of India;—W. R. Birt, Fourth Report on Atmospheric 
Waves ;—Prof. W. H. Dove, Temperature Tables, with Introductory Remarks by Lieut.-Col. 
E. Sabine ;—-A. Erman and H. Petersen, Third Report on the Calculation of the Gaussian Can- 
stants for 1829. | 
Together with the Transactions of the Sections, Sir Robert Harry Inglis’s Address, and 
Recommendations of the Association and its Committees. ~ 


PROCEEDINGS or rot EIGHTEENTH MEETING, at Swansea, 
1848, Published at 9s. 


ConTENTs t—Rev. Prof. Powell, A Catalogue of Observations of Luminous Meteors ;— 
J. Glynn on Water-pressure Engines ;—R. A. Smith, on the Air and Water of Towns ;—Eighth 
Report of Committee on the Growth and Vitality of Seeds ;—W. R. Birt, Fifth Report on At- 
mospheric Waves ;—E. Schunck, on Colouring Matters ;—J. P. Budd, on the advantageous use 
made of the gaseous escape from the Blast Furnaces at the Ystalyfera Iron Works;—R. Hunt, 
Report of progress in the investigation of the Action of Carbonic Acid on the Growth of 
Plants allied to those of the Coal Formations ;—Prof. H. W. Dove, Supplement to the Tem- 
perature Tables printed in the Report of the British Association for 1847 ;—Remarks by Prof. 
Dove on his recently constructed Maps of the Monthly Isothermal Lines of the Globe, and on 
some of the principal Conclusions in regard to Climatology deducible from them; with an in- 
troductory Notice by Lt.-Col. E. Sabine ;—Dr. Daubeny, on the progress of the investigation 
on the Influence of Carbonic Acid on the Growth of Ferns ;—J. Phillips, Notice of further 
progress in Anemometrical Researches ;—Mr. Mallet's Letter to the Assistant-General Secre- 
tary ;--A. Erman, Second Report on the Gaussian Constants ;—Report of a Committee 
relative to the expediency of recommending the continuance of the Toronto Magnetical and 
Meteorological Observatory until December 1850. 

Together with the Transactions of the Sections, the Marquis of Nerthampton’s Address, 
and Recommendations of the Association and its Committees. 


PROCEEDINGS or rnz NINETEENTH MEETING, at Birmingham, 
1849, Published at 10s. 


Contents :—Rev. Prof, Powell, A Catalogue of Observations of Luminous Meteors ;—Ear! 
of Rosse, Notice of Nebula: lately observed in the Six-feet Reflector ;—Prof. Daubeny, on the 
Influence of Carbonic Acid Gas on the health of Plants, especially of those allied to the Fossil 
Remains found in the Coal Formation ;—Dr. Andrews, Report on the Heat of Combination ; 

"eport of the Committee on the Registration of the Periodic Phenomena of Ptants and 
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Animals ;—Ninth Report of Committee on Experiments on the Growth and Vitality of Seeds ; 
-—F. Ronalds, Report concerning the} Observatory of the British Association at Kew, from 
Aug. 9, 1848 to Sept. 12, 1849 ;—R. Mallet, Report on the Experimental Inquiry on Railway 
Bar Corrosion ;—-W. R. Birt, Report on the Discussion of the Electrical Observations at Kew. 

Together with the Transactions of the Sections, the Rev. T. R. Robinson's Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS or tnt TWENTIETH MEETING, at Edinburgh, 
1850, Published at 15s. 

Conrents :—R. Mallet, First Report on the Facts of Earthquake Phenomena ;—Rev. Prof, 
Powell, on Observations of Luminous Meteors;—Dr. T. Williams, on the Structure and 
History of the British Annelida ;—-T. C. Hunt, Results of Meteorological Observations taken 
at St. Michael’s from the Ist of January, 1840 to the 3lst of December, 1849 ;—-R. Hunt, on” 
the present State of our Knowledge of the Chemical Action of the Solar Radiations ;—Tenth 
Report of Committee on Experiments on the Growth and Vitality of Seeds ;—Major-Gen, 
Briggs, Report on the Aboriginal Tribes of India ;—F. Ronalds, Report concerning the Ob- 
servatory of the British Association at Kew ;—-E. Forbes, Report on the Investigation of British 
Marine Zoology by means of the Dredge ;—R. MacAndrew, Notes on the Distribution and 
Range in depth of Mollusca and other Marine Animals, observed on the coasts of Spain, Por- 
tugal, Barbary, Malta, and Southern Italy in 1849 ;—Prof Allman, on the Present State of 
our Knowledge of the Freshwater Polyzoa ;—Registration of the Periodical Phenomena of 
Plants and Animals ;—Suggestions to Astronomers for the Observation of the Total Eclipse 
of the Sun on July 28, 1851. 

Together with the Transactions of the Sections, Sir David Brewster's Address, and Recom- 
mendations of the Association and its Committees. 


PROCEEDINGS or truz TWENTY-FIRST MEETING, at Ipswich, 
1851, Published at 16s. 6d. 


Contents :—Rev. Prof. Powell, on Observations of Laminous Meteors ;—Eleventh Re- 
port of Committee on Experiments on the Growth and Vitality of Seeds ;—Dr. J. Drew, on 
the Climate of Southampton ;—Dr. R. A. Smith, on the Air and Water of Towns: Action of 
Porous Strata, Water and Organic Matter ;—Report of the Committee appointed to consider 
the probable Effects in an Ciconomical and Physical Point of View of the Destruction of Tro- 
pical Forests ;—A. Henfrey, on the Reproduction and supposed Existence of Sexual Organs 
in the Higher Cryptogamous Plants ;—Dr. Daubeny, on the Nomenclature of Organic Com- 
pounds ;—Rev. Dr. Donaldson, on two unsolved Problems in Indo-German Philology ;—~ 
Dr. T. Williams, Report on the British Annelida;-—-R. Mallet, Second Report on the Facts of 
Earthquake Phenomena ;—Letter from Prof. Henry to Col. Sabine, on the System of Meteoro- 
logical Observations proposed to be established in the United States ;—Col. Sabine, Report 
on the Kew Magnetographs ;~—J. Welsh, Report on the Performance of his three Magneto- 
graphs during the Experimenta! Trial at the Kew Observatory ;—-F. Ronalds, Report concern- 
ing the Observatory of the British Association at Kew, from September 12, 1850 to July 31, 
1851 »—Ordnance Survey of Scotland. 

Together with the Transactions of the Sections, Prof. Airy’s Address, aad Recom- 
mendations of the Association and its Committees. 


PROCEEDINGS or raz TWENTY-SECOND MEETING, at Belfast, 
1852, Published at 15s. 


Contznts :—R. Mallet, Third Report on the Facts of Earthquake Phenomena ;—Twelfth 
Report of Committee on Experiments on the Growth and Vitality of Seeds ;—Rev. Prof, 
Powell, Report on Observations of Luminous Meteors, 1851-52 ;—Dr. Gladstone, en the In- 
fluence of the Solar Radiations on the Vital Powers of Plants;—A Manual of Ethnological 
Inquiry ;—Col. Sykes, Mean Temperature of the Day, and Monthly Fall of Rain at 127 Sta- 
tions under the Bengal Presidency ;—Prof. J. D. Forbes, on Experiments on the Laws of the 
Conduction of Heat;—R. Hunt, on the Chemical Action of the Solar Radiations ;—Dr. Hodges, 
on the Composition and CEconomy of the Flax Plant ;—W. Thompson, on the Freshwater 
Fishes of Ulster;—W. Thompson, Supplementary Report on the Fauna of Ireland;—W. Wilts, 
onthe Meteorology of Birmingham;—J. Thomson, on the Vortex-Water- Wheel ;—J. B. Lawes 
and Dr. Gilbert, on the Composition of Foods in relation to Respiration and the Feeding of 

nimals, 

. Together with the Transactions of the Sections, Colonel Sabine’s Address, and Reeom- 
mendations of the Association and Its Committees. 
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PROCEEDINGS ov tHe TWENTY-THIRD MEETING, at Hall, 
1858, Published at 10s. 6d. .- 


ConTENTS :—Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1853-53; 
—James Oldham, on the Physical Features of the Humber ;—James Oldham, on the Rive, 
Progress, and Present Position of Steam Navigation in Hull;—William Fairbairn, Experi. 
mental Researches to determine the Strength of Locomotive Boilers, and the causes which 
lead to Explosion ;—J. J. Sylvester, Provisional Report on the Theory of Determinants ;— 
Professor Hodges, M.D., Report on the Gases evolved f Steeping Flax, and on the Composition 
and (Economy of the Flax Plant ;—Thirteenth Report of Committeé on Experiments on 
Growth and Vitality of Seeds ;—Robert Hunt, on the Chemical Action of the Solar Radiations; 
—John P. Bell, M.D., Observations on the Character and Measurements of Degradation of the 
Yorkshire Coast; First Report of Committee on the Physical Character of the Moon’s Sur- 
face, as compared with that of the Earth;—R. Mallet, Provisional Report on Earthquake 
Wave-Transits; and on Seismometrica! Instruments ;— William Fairbairn, on the Mechanical 
Properties of Metals as derived from repeated Meltings, exhibiting the maximum point of 
strength and the causes of deterioration ;—Robert Mallet, Third Report on the Facts of Earth- 
quake Phenomena (continued). 

Together with the Transactions of the Sections, Mr. Hopkins’s Address, and Recommends- 
tions of the Association and its Committees, 


PROCEEDINGS or tur TWENTY-FOURTH MEETING, at Liver 
pool, 1854, Published at 18s. 


Contents:—R. Mallet, Third Report on the Facts of Earthquake Phenomena (continued) ; 
—Major-General Chesney, on the Construction and General Use of Efficient Life- Boats =>—Rev. 
Prof. Powell, Third Report on the present State of our Knowledge of Radiant Heat ;—Colonel 
Sabine, on some of the results obtained at the British Colonial Magnetic Observatories :— 
Colonel Porflock, Report of the Committee on Earthquakes, with their proceediogs respecting 
Seismometers ;—Dr. Gladstone, ow the influence of the Solar Radiations on the Vital Powers 
of Plants, Part 2;—Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1853-54; 
—Second Report of the Committee on the Physical Cheracter of the Moon’s Surface p—W. G, 
Armstrong, on the Application of Water-Pressure Machinery ;—J. B. Lawes and Dr, Gilbert, 
en the Equivalency of Starch and Sugar in Food ;—Archibald Smith, on the Deviations ef the 
Compass in Wooden and Iron Ships ;—Fourteenth Report of Committee on Experiments on 
the Growth and Vitality of Seeds. 

_ Together with the Transactions of the Sections, the Earl of Harrowby’s Address, end Be- 
commendations of the Association and its Committees. 


« 


PROCEEDINGS or rux TWENTY-FIFTH MEETING, at Glasgow, 
1855, Published at 15s. 


Conrents :—T. Dobson, Report on the Relation between Explosions in Coal-Mines and 
Revolving Storms ;—Dr. Gladstone, on the Influence ef the Solar Radiations on the Vital Powers 
of Plants growing under different Atmospheric Conditions, Part 3;—O. Spence Bate, on the 
British Edriophtbalma ;—J. F. Bateman, on the present state of our knowledge on the Supply 
of Water to Towns ;—Fifteenth Report of Committee on Experiments on the Growth and 
Vitality of Seeds ;—Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1854—55 ; 
—Report of Committee appointed to inquire into the best means of ascertaining those pro- 
perties of Metals and effects of various modes of treating them which are of im to the 
durability and efficiency of Artillery ;—Rev. Prof. Henslow, Report on Typical Objects in 
Natural History ;—A. Follett Osler, Account of the Self-Registering Anemometer and Raim- 
Gauge at the Liverpool Observatory ;—Provisional Reports. 

’ Together with the Transactions of the Sections, the Duke of Argyll’s Address, and Recom- 
mendations of the Association and its Committees. 


PROCEEDINGS or rHz TWENTY-SIXTH MEETING, at Chel- 
tenham, 1856, Published at 18s. : 


Conrents :—Report from the Committee appointed to investigate and report upon 
effects produced upon the Channels of the Mersey by the alterations which within the lee 
fifty years have been made in its Banks;—J. Thomson, Interim Report on progress in Re- 
searches on the Measurement of Water by Weir Boards ;—Dredging Report, Frith of C) 
1856 ;—Rev. B. Powell, Report on Observations of Luminous Meteors, 1855-1856 — 
Bunsen and Dr. H. E. Roscoe, Photochemical Researches ;—Rev. James Booth, on the Trigo- 
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nometry of the Parabola, and the Geometrical Origin of Logarithms ;~-R. MacAndrew, Report 
on the Marine Testaceous Mollusca of the North-east Atlantic and Neighbouring Seas, and 
the physical conditions affecting their development ;—P. P. Carpenter, Report on the present 
state of our knowledge with regard to the Mollusca of the West Coast of North America ;— 
T. C. Eyton, Abstract of First Report on the Oyster Beds and Oysters of the British Shores} 
—Prof. Phillips, Report on Cleavage and Foliation in Rocks, and on the Theoretical Expla- 
nations of these Phenomena: Part I. ;—Dr. T. Wright on the Stratigraphical Distribution of 
the Oolitic Echinodermata ;——-W. Fairbairn, on the Tensile Strength of Wrought Iron at various 
Temperatures ;—C. Atherton, on Mercantile Steam Transport Economy ;—J. 8. Bowerbank, on 
the Vital Powers of the Spongiadss;—Report of a Committee upon the Experiments conducted 
at Stormontfield, near Perth, for the artificial propagation of Salmon ;—Provisional Report on 
the Measurement of Ships for Tonnage ;—On Typical Forms of Minerals, Plants and Animals 
for Museums ;—J. Thomson, Interim Report on Progress in Researches on the Measure- 
ment of Water by Weir Boards;—R. Mallet, on Observations with the Seismometer ;—A, 
Cayley, on the Progress of Theoretical Dynamics ;—Report of a Committee appointed to con- 
sider the formation ofa Catalogue of Philosophical Memoirs. 

" Together with the Transactions of the Sections, Dr. Daubeny'’s Address, and Recom- 
mendations of the Association and its Committees, 


PROCEEDINGS or tne TWENTY-SEVENTH MEETING, at 
Dublin, 1857, Published at 15s. 


Conrents :—A. Cayley, Report on the Recent Progress of Theoretical Dynamics ;—Six. 
teenth and final Report of Committee on Experiments on the Growth and Vitality of Seeds ; 
—James Oldham, C.E., continuation of Report on Steam Navigation at Hall ;—Report of a 
Committee on the Defects of the present methods of Measuring and Registering the Tonnage 
of Shipping, as also of Marine Engine-Power, and to frame more perfect rules, in order that 
a correct and uniform principle may be adopted to estimate the Actual Carrying Capabilities 
and Working-Power of Steam Ships ;—Robert Were Fox, Report on the Temperature of 
some Deep Mines in Cornwall ;—Dr, G. Plarr, De quelques Transformations de la Somme 

;* afl+) gi +138|+1 “a . at a feu dans | ' 
2s TAFT yatt ft? a Gant entier négatif, et de quelques cas dans lesquels cette somme 


est exprimable par une combinaison de factorielles, la notation afi+! désignant le produit des 
t facteurs a (a-+-1) (a-+2) &c....(a+4+-t—1);—-G. Dickie, M.D., Report on the Marine Zoology. 
of Strangford Lough, County Down, and corresponding part of the Irish Channel ;—Charles 
Atherton, Suggestions for Statistical Inquiry into the extent to which Mercantile Steam Trans- 
port Economy is affected by the Constructive Type of Shipping, as reapects the Proportions of 
Length, Breadth, and Depth ;—J. 8. Bowerbank, Further Report on the Vitality of the Spon- 
giadse ;—John P. Hodges, M.D., on Flax ;—Major-General Sabine, Report of the Committee 
on the Magnetic Survey of Great Britain ;—Rev. Baden Powell, Report on Observations of 
Luminous Meteors, 1856-57 ;—C. Vignoles, C.E., on the Adaptation of Suspension Bridges to 
sustain the passage of Railway Trains ;—Professor W. A. Miller, M.D., on Electro-Chemistry 3 
~——John Simpson, R.N., Results of Thermometrical Observations made at the ‘ Plover’s’ 
Wintering-place, Point Barrow, latitude 71° 21’ N., long. 156° 17’ W., in 1852-54 Charles 
James Hargrave, LL.D., on the Algebraic Couple ; and on the Equivalents of Indeterminate 
Expressions;—Thomas Grubb, Report on the Improvement of Telescope and Equatorial 
Mountings ;—-Professor James Buckman, Report on the Experimental Plots in the Botanical 
Garden of the Royal Agricultural College at Cirencester ;—William Fairbairn on the Resistance 
of Tubes to Collapse ;—-George C. Hyndman, Report of the Proceedings of the Belfast Dredging 
Committee ;—Peter W. Barlow, on the Mechanical Effect of combining Girders and Suspen- 
slon Chains, and a Comparison of the Weight of Metal in Ordinary and Suspension Girders, 
to produce equal deflections with a given load ;—J. Park Harrison, M.A., Evidences of Lunar 
Influence on Temperature ;—Report on the Animal and Vegetable Products imported into 
Liverpool from the year 185] to 1855 (inclusive) ;—Andrew Henderson, Report on the Sta- 
tistics of Life-boats and Fishing-boats on the Coasts of the United Kingdom. 

Together with the Transactions of the Sections, Rev. H. Lioyd’s Address, and Recommen- 
dations of the Assuciation and its Committees. 


PROCEEDINGS or tuz TWENTY-EIGHTH MEETING, at Leeds, 
September 1858, Published at 20s. 
Contents:—R. Mallet, Fourth Report upon the Facts and Theory of Earthquake Phe- 


nomena ;— Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1857-58 ;—R. H. 
Meade, on some Points in the Anatomy of the Araneidea or true Spiders, especially on the 
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internal structure of their Spinning Organs ;—-W. Fairbairn, Report of the Committee on the 
Patent Laws ;—S. Eddy, on the lead Mining Districts of Yorkshire ;-—W. Fairbairn, on the 
Collapse of Giass Globes and Cylinders ;—Dr. E. Perceval Wright and Prof. J. Reay Greene, 
Report on the Marine Fauna of the South and West Coasts of Ireland ;—-Prof. J. Thomson, on 
Experiments on the Measurement of Water by Triangular Notches in Weir Boards ;—Major- 
General Sabine, Report of the Committee on the Magnetic Survey of Great Britain ;—Michael 
Connal and William Keddie, Report on Animal, Vegetable, and Mineral Substances imported 
from Foreign Countries into the Clyde (including the Ports of Glasgow, Greenock, and Port 
Glasgow) in the years 1853, 1854, 1855, 1856, and 1857 ;—-Report of the Cominittee on Ship- 
ping Statistics ;—Rev. H. Lloyd, D.D., Notice of the Instruments employed in the Mag- 
netic Survey of Ireland, with some of the Results ;—Prof. J, R. Kinahan, Report of Dublin 
Dredging Committee, appointed 1857~58 ;—Prof. J. R. Kinahan, Report on Crustacea of Dub- 
lin District ;~~Andrew Henderson, on River Steamers, their Form, Construction, and Fittings, 
with reference to the necessity fur improving the present means of Shallow-Water Navigation 
on the Rivers of British India ;—George C. Hyndman, Report of the Belfast Dredging Com- 
mittee ;—Appendix to Mr. Vignoles’ paper ‘On the Adaptation of Suspension Bridges to sus- 
tain the passage of Railway Trains ;"——-Report of the Joint Committee of the Roya! Society and 
the British Association, for procuring a continuance of the Magnetic and Meteorological Ob- 
servatories ;—R. Beckley, Description of a Self-recording Anemometer. 

Together with the Transactions of the Sections, Prof. Owen’s Address, and Recommeada- 
tions of the Association and its Committees. 


PROCEEDINGS or ruz TWENTY-NINTH MEETING, at Aberdeen, 
September 1859, Published at 15s. 


Contents :—George C. Foster, Preliminary Report on the Recent Progress and Present 
State of Organic Chemistry ;—Professor Buckman, Report on the Growth of Plants in the 
Garden of the Royal Agricultural College, Cirencester ;--Dr. A. Voelcker, Report on Field 
Experiments and Laboratory Researches on the Constituents of Manures essential to cultivated 
Crops ;—-A. Thomson, Esq. of Banchory, Report on the Aberdeen Industrial Feeding Schools; 
—On the Upper Silurians of Lesmahago, Lanarkshire ;—Alphonse Gages, Report on the Re- 
sults obtained by the Mechanico-Chemical Examination of Rocks and Minerals ;—William 
Fairbairn, Experiments to determine the Efficiency of Continuous and Self-acting Breaks for 
Railway Trains ;—Professor J. R. Kinahan, Report of Dublia Bay Dredging Committee for 
1858-59 ;——-Rev. Baden Powell, Report on Observations of Luminous Meteors for 1858-59; 
— Professor Owen, Report on a Series of Skulls of various Tribes of Mankind inhabiting 
Nepal, collected, and presented to the British Museum, by Bryan H. Hodgson, Esq., late Re- 
sident in Nepal, &c. &c. ;—Messrs. Maskelyne, Hadow, Hardwich, and Liewelyn, Report oa 
the Present State of our Knowledge regarding the Photographic Image ;—G. C. Hyndman, 
Report of the Belfast Dredging Committee for 1859 ;—James Uldham, Continuation of Report 
of the Progress of Steam Navigation at Hull;—Charles Atherton, Mercantile Steam Trans- 
port Economy as affected by the Consumption of Coals ;— Warren de la Rue, Report on the 
present state of Celestial Photography in England ;—Professor Owen, on the Orders of Fossil 
and Receat Reptilia, and their Distribution in Time ;—Balfour Stewart, on some Results of the 
Magnetic Survey of Scotland in the years 1857 and 1858, undertaken, at the request of the 
British Association, by the late John Welsh, Esq., F.R.S.;—W. Fairbairn, The Patent Laws: 
Report of Committee on the Patent Laws;—-J. Park Harrison, Lunar Influence on the Tem- 
perature of the Air ;—Balfour Stewart, an Account of the Construction of the Self-recording 
Magnetographs at present in operation at the Kew Observatory of the British Association ;— 
Prof. H. J. Stephen Smith, Report on the Theory of Numbers, Part I.;—Report of the 
Committee on Steamship performance ;—Report of the Proceedings of the Balloon Committee 
of the British Association appointed at the Meeting at Leeds ;—Prof. William K. Sullivaa, 
Preliminary Report on the Solubility of Salts at Temperatures above 100° Cent., and on the 
Mutual Action of Salts in Solution. 

Together with the Transactions of the Sections, Prince Albert's Address, and Recommenda- 
tions of the Association and its Committees. 


PROCEEDINGS or rue THIRTIETH MEETING, at Oxford, June 
and July 1860, Published at 15s. 


ConTENnts :—James Glaisher, Report on Observations of Luminous Meteors, 1859-60 — 
J. R. Kinahan, Report of Dublin Bay Dredging Committee ;—Rev. J. Anderson, Report on 
the Egcavations In Dura Den ;—Professor Buckman, Report on the Experimental Plots in the 
Xotanical Gardet: of the Royal Agricultural College, Cirencester ;—Rev. R. Walker, Report of 
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the Committee on Balloon Ascents;—Prof. W. Thomson, Report of Committee appointed to 
prepare a Self-recording Atmospheric Electrometer for Kew, and Portable Apparatus for ob- 
serving Atmospheric Electricity ;—William Fairbairn, Experiments to determine the Effect of 
Vibratory Action and long-continued Changes of Load upon Wrought-iron Girders ;—R. P. 
Greg, Catalogue of Meteorites and Fireballs, from a.p. 2 to a.D. 1860 ;——Prof. H. J. S. Smith, 
Report on the Theory of Numbers, Part II.;—Vice-Admiral Moorsom, on the Performance of 
Steam-vessels, the Functions of the Screw, and the Relations of its Diameter and Pitch to the 
Form of the Vessel ;—Rev. W. V. Harcourt, Report on the Effects of long-continued Heat, 
illustrative of Geological Phenomena ;—Second Report of the Committee on Steamship Per. 
formance ;—lInterim Report on the Gauging of Water by Triangular Notches ;—List of the 
British Marine Invertebrate Fauna. 

Together with the Transactions of the Sections, Lord Wrottesley’s Address, and Recom- 
mendations of the Association and its Committees. 


' PROCEEDINGS or tre THIRTY-FIRST MEETING, at Manches- 
ter, September 1861, Published at £1. 


Contents :—James Glaisher, Report on Observations of Luminous Meteors ;—Dr. E. 
Smith, Report on the Action of Prison Diet and Discipline on the Bodily Functions of Pri- 
soners, Part I.;—Charles Atherton, on Freight as affected by Differences in the Dynamic 
Properties of Steamships ;—Warren De la Rue, Report on the Progress of Celestial Photo. 
graphy since the Aberdeen Meeting ;—B8. Stewart, on the Theory of Exchanges, and its re- 
cent extension ;—Drs. E. Schunck, R. Angus Smith, and H. E. Roscoe, on the Recent Pro- 
gress and Present Condition of Manufacturing Chemistry in the South Lancashire District ;— 
Dr. J. Hunt, on Ethno-Climatology ; or, the Acclimatization of Man ;—Prof. J. Thomson, on 
Experiments on the Gauging of Water by Triangular Notches ;—Dr. A. Voelcker, Report on 
Field Experiments and Laboratory Researches on the Constituents of Manures essential to 
cultivated Crops ;—Prof. H. Hennessy, Provisional Report on the Present State of our Know- 
ledge respecting the Transmission of Sound-signals during Fogs at Sea;—Dr. P. L. Sclater 
and F. von Hochstetter, Report on the Present State of our Knowledge of the Birds of the 
Genus Aplerys living in New Zealand ;—J. G. Jeffreys, Report of the Results of Deep-sea 
Dredging in Zetland, with a Notice of several Species of Mollusca new to Science or to the 
British Isles ;—Prof. J. Phillips, Contributions to a Report on the Physical Aspect of the 
Moon ;—W. R. Birt, Contribution to a Report on the Physical Aspect of the Moon ;—Dr. 
Collingwood and Mr. Byerley, Preliminary Report of the Dredging Committe of the Mersey 
and Dee ;—Third Report of the Committee on Steamship Performance ;—J. G. Jeffreys, 
Preliminary Report on the Best Mode of preventing the Ravages of Teredo and other Animals 
in our Shipa and Harbours ;—R. Mallet, Report on the Experiments made at Holyhead to 
ascertain the Transit-Velocity of Waves, analogous to Earthquake Waves, through the local 
Rock Formations ;—T. Dobson, on the Explosions in British Coal-Mines during the year 1859; 
—J. Oldham, Continuation of Report on Steam Navigation at Hull ;—Professor G. Dickie, 
Brief Summary of a Report on the Flora of the North of Ireland ;—Professor Owen, on the 
Psychical and Physical Characters of the Mincopies, or Natives of the Andaman Islands, and 
on the Relations thereby indicated to other Races of Mankind ;—Colone! Sykes, Report of the 
Bslloon Committee ;—Major-General Sabine, Report on the Repetition of the Magnetic Sur- 
vey of England ;—lInterim Report of the Committee for Dredging on the North and East 
Coasts of Scotland ;—W. Fairbairn, on the Resistance of Iron Plates to Statical Pressure and 
the Force of Impact by Projectiles at High Velocities ;—W. Fairbairn, Continuation of Report 
to determine the effect of Vibratory Action snd long-continued Changes of Load upon 
Wrought-Iron Girders ;—Report of the Committee on the Law of Patents ;—Prof. H. J. S. 
Smith, Report on the Theory of Numbers, Part IIT. 

Together with the Transactions of the Sections, Mr. Fairbairn’s Address, and Recommen- 
dations of the Association and its Committees. 


PROCEEDINGS or rue THIRTY-SECOND MEETING, at Cam- 
bridge, October 1862, Published at £1. 


Contents :—James Glaisher, Report on Observations of Luminous Meteors, 1861-62 ;—- 
G. B. Airy, on the Strains in the Interior of Beams ;—Archibald Smith and F. J. Evans, 
Report on the three Reports of the Liverpool Compass Committee ;—Report on Tidgl Ob- 
servations on the Humber ;—T. Aston, on Rifed Guns and Projectiles adapted for Attacking 


Armeur- Defences ;— Extracts, to the Observatory at Kew, from a Report 
presented to the Portuguese Government, by Dr. J. A. de Souza ;—H. T. Mennell, Repors 
on the Dredging of the Northumberland Coast and Dogger Bank ;—-Dr. Cuthbert 
rood, Report upon the best means of advancing Science the agency of the Mercan- 
tile Marine ;—~Mesers. Williamson, Wheatstone, Thomson, Miller, Matthiessen, and Jenkin, 
Provisional Report on Standards of Electrical Resistance ;—Preliminary Report of the Com- 
mittee for investigating the Chemical and Mineralogical Composition of the Granites of Do- 
negal ;-Prof. H. Hennessy, on the Vertical Movements of the Atmosphere considered in 
connexion with Storms and Changes of Weather ;—Report of Committee on the application 
of Gauss’s General Theory of Terrestrial Magnetism to the Magnetic Variations ;-—Fleeming 
Jenkin, on Thermo-electric Currents in Circuits of one Metal ;—W. Fairbeirn, on the Me- 
chanical Properties of Iron Projectiles at High Velocities ;—A. Cayley, Report on the Pro- 
gress of the Solution of certain Special Problems of Dynamics ;—Prof. G. G. Stokes, Report 
on Double Refraction ;—Fourth Report of the Committee on Steamship Performance ;— 
G. J. Symons, on the Fall of Rain in the British Isles in 1860 and 1861 ;—J. Ball, on Ther- 
mometric Observations in the Alps ;—J. G. Jeffreys, Report of the Committee for Dredging 
on the N. and E. Coasts of Scotland i Report of the Committee on Technical and Scientific 
Evidence in Courts of Law ;—James Glaisher, Account of Eight Balloon Ascents in 1862 ;— 
Prof. H. J. 8. Smith, Report on the Theory of Numbers, Part IV. 

Together with the Transactions of the Sectiona, the Rev. Prof. R. Willis’s Address, and 
Recommendations of the Association and its Committees. 
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